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1.  HISTORY, ORIGIN AND DISTRIBUTION

The domestic or water buffalo (Bubalus bubalis) belongs to the family Bovidae, sub​family Bovinae, genus Bubalus and species arnee. Its relationship with other Bovinae such as cattle and bison is shown in Fig __. Although American bison (Bison bison) is sometimes referred to as buffalo, this is a misnomer. The bison belongs to a separate subgenus of the Bovinae. There are four wild species of buffalo but all existing types of domestic buffalo appear to have been derived from Bubalus arnee, the wild buffalo of mainland Asia. Information on origin and the precise period of domestication of the buffalo is lost in antiquity.  However, the crescent horns, coarse skin, wide muzzle and low carried heads of buffaloes represented on seal struck 5,000 years ago in the Indus valley suggest that the buffalo had already been domesticated in the Indian subcontinent around that time. The domestication of swamp buffalo took place independently in China about l,000 years later. The movement of buffaloes to other countries, both east-wards and west-wards, is thought to have occurred from these two countries.

Buffaloes were unknown in Egypt during the time of Pharaohs. Their movement to Egypt took place via Iran and Iraq when Arabs took these animals from India during the first invasion in the ninth century. Water buffaloes were later introduced into Europe by pilgrims and crusaders returning from the Holy land in the middle ages.

Importation of buffaloes to other countries in Southeast Asia, western Asia, Europe, Australia and South America followed, the spread being slow and gradual. However, attempts at the introduction of these animals into some countries did not meet with success. The Earl of Cornwall, a brother of Henry III, brought buffaloes to England, but the animals did not thrive (Cockrill, 1967). Introduction of the buffalo into African countries south of the Sahara has not so far been very successful. At present attempts are being made in Australia to redomesticate the feral buffaloes. The results achieved so far are encouraging.
All types of domestic buffaloes (Bubalus bubalis) are generally grouped as  the river and swamp buffaloes. As the name implies, the water buffalo, whether of the river or the swamp type, has an inherent predilection for water and loves wallowing in water or mudpools. The river buffalo, as a rule, shows preference for clean running water, whereas the swamp buffalo likes to wallow in mudholes, swamps and stagnant pools. Buffaloes are good swimmers.

Buffaloes are generally easily domesticated. The African buffalo (sycerns caffer) which was believed to be difficult to domesticate could be tamed easily when scientific efforts at domestication were made (Rouse, 1970). On the other hand domestic buffaloes, both of swamp and river types, can easily revert back to semi-wild or wild state if let lose to fend for themselves, as has happened in  northern Australia.

Buffaloes do not cross with cattle or vice versa.

Buffaloes have been introduced into more than 20 countries in Latin America. The importations have primarily been from India, Italy, Bulgaria, Indochina and Australia, the latter contributing rather small numbers. The first introductions are believed to have been made in 1890, but subsequent importations have mostly been of the breeds from the Indian subcontinent. Initially they were introduced for work and later for meat. They were primarily managed  on ranches on extensive system, but presently milk production is in high focus, and the dairy type breeds are stall-fed and properly housed in barns and kept under intensive management. The breeds of Indian origin are maintained as pure breeds, but they have also been interbred leading to new breeds like Brazil mediterraneo and Brazil Murrah.

2. World POPULATION AND PRODUCTION

The water buffalo is found only in certain regions of the world (Table-1). The distribution of the buffalo is conspicuous by its being confined principally to the areas where animal husbandry is poorly developed and badly organized. By and large, buffaloes are owned only in small numbers by resource-poor farmers. In fairness to buffalo stockowners in these regions, it may be stated that they maintain buffaloes not from ignorance of the potentialities of other large ruminants but because they find that in the prevailing agricultural situation no other domestic animal will thrive like the buffalo and at the same time be so useful and economical.

According to the FAO (1994) (Table -1), the total population of buffaloes in the world during 1994 was little over 148 million heads. Twenty-two countries of Asia accounted for 96.45% of this population, of which India alone accounted for 53%. Europe accounted for less than 0.3%, Africa 2% and Latin America a little over 1%. The total buffalo population of the world is steadily increasing, although a declining trend can be noticed in European countries except in Italy where an increase by 400% has been registered over the last 3 decades.

The river buffalo constitutes around 65% of the total world buffalo population and accounts for 92% of the total milk produced. India alone contributes 42% of total milk produced by buffaloes. Major concentration of the river buffalo is in India (78 million), Pakistan (18 million) and Egypt (3.3 million). India possesses largest number of buffaloes (53%), followed by China (15%), Pakistan (13%), Thailand (3%), the Philippines (2%), Nepal (2%). Indonesia, Vietnam, Egypt, Mayanmar, Turkey, Sri Lanka, Iraq, Iran and other countries account for the remaining 17% of the population. The largest concentration of swamp buffaloes is found in rice-growing countries of Asia.Taking buffalo population of 1961 as base, the population (up to 1994) increased at the rate of 53, 182 and 113% respectively in India, Pakistan and Egypt. Corres​ponding increase in milk production was 26, 13 and 14.3%.

the buffalo renders invaluable service to mankind by way of work and the supply of milk and manure while alive, and meat, hide, horns, hooves, bones etc., after death. There are large areas where human survival is dependent on this animal. In spite of these facts the study of these animals has remained neglected. The benefits of science and technology have hardly impinged on the husbandry of the buffalo population to enable a fuller expression of its production potentialities to be achieved. The greatest handicap to its development lies in very large gaps in our knowledge of the physiology of the animal, disease prevalence in the species and the husbandry practices most suitable for animals located in widely varying environmental conditions. Of late, scientific workers in countries such as India, Egypt, Pakistan, Thailand, etc., have been studying the animal in depth with a view to evolving efficient buffalo husbandry techniques, and as a consequence considerable information is now accumulating. However, available published material is still very scanty and what is published is often fragmentary and incomplete and sometimes contradictory. 

Table -1    World distribution of buffaloes
Continent
Country
Numbers in ’000
Percentage 
As percentage 





increase or decrease
of world total 



1961
1994
1961-1994
in 1994

Europe
Albania
0007
0002
-071.4
0.001


Belarus
0
0020
100.0
0.013


Bosnia Herzegovina
0
0001
100.0
0.000


Bulgaria
0191
0017
-099.9
0.011


Georgia
0
0020
100.0
0.013


Greece
0071
0001
-098.5
0.000


Italy
0018
0092
411.1
0.061


Macedonia
0
001
100.0
0.000


Romania
184
0000
-100.0
0.000


Russian Fed.
0
0140
100.0
0.094


Turkey
1140
0116
-08.9
0.111


Yogoslavia Fed. Rep.
0
0019
100.0
0.012


Total
1611
0429
-73.3
0.288

Asia        Azerbaijan
0
00010
100.0
0.007


Bangladesh
0500
0874
074.8
0.587


Bhutan
0003
0004
033.3
0.002


Brunei
0014
0010
-028.5
0.006


Cambodia
520
829
059.4
0.070


China
8368
22416
167.8
15.06


Hong Kong
0002
0
-100.0
0.000


India
51208
78825
053.9
52.97


Indonesia
2861
3512
022.7
02.36


Iraq
250
100
-060.0
0.0672


Iran
247
300
021.4
0.201


Kazakhstan
0
105
100.0
0.070


Laos
420
1308
211.4
0.879


Malaysia
345
186
-046.0
0.124


Myanmar
1049
2130
103.0
01.43


Nepal
795
3176
299.4
02.13


Pakistan
6700
18887
181.8
12.69


Philippines
3452
2630
-23.0
1.76


Sri Lanka
772
0870
012.6
0.59


Syrian Arab Rep.
1
1
-00.0
1.767


Thailand
4964
4257
-14.2
02.86


Uzbekistan
0
85
100.0
0.057


Vietnam
2205
3009
036.4
02.02


Total
84676
143524
069.4
096.45

Africa 
Egypt
1501
3200
113.1
2.15

America
Argentina
-
3
100.0
0.002


Brazil
63
1,600
2439.6
01.08


Colombia
-
1
100.0
0.000


Cuba
-
2
100.0
0.001


Ecuador
-
2
100.0
0.001


Paraguay
-
3
100.0
0.002


Peru
-
4
100.0
0.002


Surinam
0
1
100.0
0.000


Trinidad & Tobago
5
9
080.0
0.006


Venezuela
-
25
100.0
0.017


Total
68
1650
2326.4
1.11


World
87856
148803
69.3

Source : FAO (1994)

The buffalo has the ability to efficiently convert coarse feeds like straws and agro-​industrial by-products into milk and meat. Therefore, in countries which use plant to human foodchain to support the large human population, the buffalo shall continue to play a significant role to meet the animal protein requirements of human population.

3.  General Characterisitics

Buffaloes are big-boned, rather massive animals with body set low on strong legs with large hooves. Dewlap and hump are absent. The body frame of a good milk-type river buffalo conforms to that of dairy-type cattle, and of the swamp buffalo to that of draught breeds of Zebu. Horns are generally more massive than those of cattle. They are broad, flat and almost rectangular in cross-section near the base and with prominent ridges across the long axis. Swamp and several breeds of river and nondescript buffaloes have backswept horns. Two of the milk breeds of river buffaloes have very tightly curled horns. Some buffaloes have fantastically long horns that may measure more than three-quarters of the total length of the body.

At birth and during early calfhood buffaloes have a good coat of soft hair but the hair becomes sparser and coarser as the animal grows, depending on the breed, season and housing practices. In some adult buffaloes body is practically bare. The hair is black, dun, creamy yellow, dark or light gray, or white. Some breeds show white markings in the form of stripes and some others are conspicuous in having a piebald coat.

Star, blaze or socks and a white switch at the end of the tail are frequently found in river buffaloes. Among swamp buffaloes white animals are not uncommon. The incidence varies in different areas and appears to be the result of some selections based on local beliefs and superstitions. The incidence is relatively low in Borneo, China and Taiwan where there is a prejudice against such animals, but in Bali and parts of Thailand more than 15% of buffaloes are white as these animals are considered auspicious.

Hair whorls of swamp buffaloes are characteristic and distinctive, and could be used as an important means for identification of an animal. The colour of the skin varies from jet black to light pink. The skin may be unpigmented in localized areas, black or slate-grey being the most common in dark-coloured animals. Leucoderma is  known to occur in buffaloes. The aetiology of leucoderma is unknown and the disease does not affect production in any manner.

The sheath of the male swamp buffalo adheres close to the body except at the umbilical end. In the river buffalo the sheath is more pendulous and is somewhat similar to that of zebu cattle. There is no tuft of hair at the preputial opening in the buffalo. The scrotum of the male buffalo, both of the swamp and the river types, is much smaller than that of male cattle of similar size. In the swamp buffalo there is no constriction near the attachment of the scortum to the abdominal wall, but a distinct neck can be seen in the river buffalo.

Among the river buffaloes a few well-defined breeds with standard qualities and with specific physical characters that differentiate them unmistakably from other types can be found only in India, Pakistan, Italy and Latin America. These are all milk breeds, but their number forms only a very small fraction of the total buffalo population in these countries. The vast majority of buffaloes are nondescript. These vary greatly in size, weight and general features. These animals are the product of centuries of indiscriminate breeding without any selection criteria.

In Russia, development of a breed of buffaloes commenced in 1935 in the Caucasus. These Caucasian buffaloes so developed were given a breed status in November 1970. This is a dual-purpose breed with good meat and fairly satisfactory milk qualities (Agabeili et al., 1971).

4. Breeds of Buffaloes

The domestic water buffalo is classified as the river and the swamp types. They belong to the same species but have different habitats. The swamp buffalo has 48 chromosomes and the river has 50. They interbreed and produce fertile hybrid progeny. The disparity in chromosome numbers has not been explained so far. The swamp buffalo is mainly a draught-cum-meat animal which has sweptback horns and is found principally in eastern half of Asia. The river buffalo usually has curled horns and is found in western half of Asia, Brazil, Russia and parts of CIS countries, Italy and a few East European countries. It prefers clean water, rivers, irrigation canals and ponds to wallow. This type is docile and has specially been developed for milk production with high fat content in Indo-Pak subcontinent.

Some of the well-known milch breeds of river buffaloes are Murrah, Nili-Ravi and Surti in India, and Nili-Ravi and Kundi in Pakistan. The Egyptian, Iraqi and Italian buffaloes also have high potential for milk and are derivatives of this sub-group. Some other breeds of milk type found in India are Jaffarabadi, Bhadawari and Mehsana which are primarily used for milk and work and are also classified as dual purpose.

Brief description of some of the important breeds of buffalo is given in the following paras

Murrah
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Fig.1 Murrah Buffalo


The breeding tract of this breed extends over the entire north-west of Indian sub-continent. These animals have long been selected for milk and curled horns. The resulting breed was named Murrah, meaning curled.

The animals are massive, stockily built with a short broad back, and light neck and head. The horns are short and tightly curved. The udders are well developed. The hips are broad, and fore- and hind-quarters are dropping. The tail is long, reaching to fetlocks. The colour is jet black with white markings on tail, face and extremities. The body weight of an adult female is 430-500 kg and that of a male, 530-575 kg. The body length in adult male and female is around 1.5 m. The height and heart girth in males (1.5, 2.3 metres) are slightly higher than in females (1.4, 2.2 metres).
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Fig.2 Nili-Ravi Buffalo



Nili-Ravi

Earlier authors (Oliver, 1938; Handa, 1938) referred to the Nill and Ravi as strains of the Murrah which differed little from it, except in geographical location, i.e. the Sutlej and Ravi river valleys, as distinct from Rohtak, Karnal, Gurgaon and Delhi for the true Murrah. However, in 1938 (ICAR, 1939), Nili was shown as a breed at the First All-India Cattle Show and after the second and third shows, the Nili and Ravi were briefly described in ICAR bulletin No. 46 (1941) as distinct breed types. The name Nili means blue and refers to the blue water of River Sutlej. Ravi gets its name from the River Ravi. However, Nili and Ravi are no longer considered as distinct breeds both in India and Pakistan. The Nili-Ravi breed is found in the pre-independence central Punjab beween 29.5o and 32.5oN latitude and 71o and 75oE longitude.

The skin and hair of Nili-Ravi are usually black although brown is not uncommon. Wall eyes and white markings on forehead, face, muzzle, legs and tail switch are common in Nili. Pink markings on udder and brisket are sometimes found in the Ravi but more rarely in Nili. The horns are short, broad at the base and closely curled back behind the base. The body is massive and barrel-shaped with a deep frame. The head is long, bulging at the top and is depressed between eyes. The muzzle is fine but with wide nostrils. The double chin is conspicuous.  

Nili has a more convex profile with more coarse hair on head and face, and conspicuous double chin. The horns are fine and tightly coiled and circular in cross-section. In Ravi, the horns are oval in cross-section; transverse rings or pits are more conspicuous. The legs are short and bony. The rump is broad, long and slightly sloping. Pin-bones are prominent and set well apart. The tail is long, touching the ground. The udder is well developed extending far forward and backward. The milk-veins are prominent, long and tortuous. The average adult Nili female buffalo weighs about 450 kg and male nearly 600 kg.

Kundi

The word kundi means fish-hook in Sindhi language. Ware (1942) first described Kundi as a distinct breed while admitting that some breeders still consider it a geographical type of Murrah. The Kundi breed is distributed in the forest tract along the River Indus, in the rice-growing region of north Sindh and in the swampy and rice-growing tracts of Karachi and Hyderabad districts of Pakistan. 


Kundi animals are generally jet black (85%), although light brown are not uncommon (15%). Horns are thick at the base, inclined backward and upward, and end in a moderatety tight curl. The forehead is slightly prominent. The face is hollow and eyes are small. Hind-quarters are massive. Mammary glands are capacious with prominent milk-veins; teats are squarely placed. Kundi buffaloes are smaller than Nili-Ravi with females weighing 320-450 kg.  
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Fig.3 Kundi Buffalo
Surti
The home tract of this breed is Kaira district and adjoining territory of Baroda in Gujarat state of India. The skin is black or reddish and the hair silver-grey to rusty-brown. Below the knees and hocks, the hair colour is generally whitish grey.  The tuft of tail is sometimes white. Animals with white markings on forehead, legs and tail-tip are preferred. The horns are flat, of medium length, sickle-shaped and are directed downward and backward and then turn upward at the tip to form a hook.  Animals are of medium size, having straight back. The head is elongated, fairly broad and rounded between the horns. The face and muzzle are clean and sharply narrowed below the eyes, with big nostrils and muzzle. The eyes are round and bulging. The ears are medium sized with reddish colour inside. The neck is long and thin in females; thick and massive in males. The legs are of medium size with black hoofs. The barrel is well-built, of wedge shape and medium size. The rump is broad and slightly sloping. The pin bones are wide apart. The hocks are prominent and strong. The tail is fairly long, thin and flexible. The udder is well-developed. The teats are of medium size and squarely placed. Mature females and males weigh around 408 and 499 kg respectively. The milk produced by this breed is known to have slightly higher fat percentage (7.9%)​
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Fig. 4 Surti Buffalo
Mehsana

The home tract of Mehsana buffalo lies in Mehsana district of Gujarat state of India. Mehsana breed has been derived from crosses between Murrah and Surti. It shows a wide variation in appearance and colour. Animals are black or brown/fawn with white markings on the face, legs or tip of the tail. The horns vary from coiled to sickle in shape. Mehsana has a longer body than Murrah, lighter limbs, and longer and heavier head. The chest is deep with broad brisket. The shoulders are broad and blend well with the body. The legs are medium to short in length. The barrel is long and deep with well sprung ribs. The tail is medium thick and long. The udder is well developed and well set. The teats are fairly thick, long and pliable. The Mehsana females have the reputation of being persistent milkers and regular breeders. The average mature weight of males and females is 569 and 430 kg.
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Fig.5 Mehsana Buffalo
Jaffarabadi

This breed is found in Gir forest of Kathiawad in Gujarat state of India. It is named after the town of Jaffarabad and is also called Bhavanagri or Gir. The colour is usually black. The horns are heavy and broad, sometimes covering eyes; are inclined to droop on each side of the neck and turn up at the points into an incomplete coil. The forehead is very prominent and bulging. Animals are massive and long barrelled. The body is long and not compact. The head and neck are massive. The dewlap is well developed. Average adult weight of males and females is 590 and 454 kg respectively. Butter-fat percentage is high.
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Fig. 6 Jaffarabadi Buffalo 

Bhadawari

The home tract of this breed is Bhadawari estate, part of Bah Tehsil in Agra district and the adjoining areas of Gwalior in India. These animals are usually copper coloured. The hair on the body are scanty, black at the root and reddish brown at the tip. The legs from hoof to knee and hock are usually brownish white. The tail switch is white or black and white. The horns are flat, compact, growing backward and then upward, turning inward with slightly pointed tips. Animals are medium-sized with wedge-shaped body. The head is comparatively small, bulging out between the horns. The forehead is slightly broad and deep in the middle. The dewlap is absent. The chest is well developed. The barrel is short but well developed with short and stout legs having black hooves. The tail is long, thick and flexible. The udder is not so well developed. The testes are of medium size though not of uniform length.  The fat percentage of milk is very high (13%).  Males are usually used for draught and can stand heat better than the other breeds.  The average adult body weight of females and males is 386 and 476 kg.
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Fig. 7 Bhadawari Buffalo
Nagpuri or Ellichpuri
The home tract of this breed is Nagpur region of Maharashtra state and the adjoining  areas of Andhra Pradesh and Madhya Pradesh of India. The animals are usually black although white patches are often found on face, legs and tail. The distin​guishing  feature of the breed is long, flat, curved horns carried back on each side of neck, nearly to the shoulders. The face is long and thin. The neck is somewhat long. The limbs are lighter and the tail is comparatively short, reaching below the hocks. The average weight of adult male is 522 kg and that of female is 408 kg. This is a dual-purpose breed.
[image: image8.png]



Fig. 8 Nagpuri Buffalo
Toda

Toda breed of buffaloes is named after an ancient tribe (Toda) of southern India. These buffaloes are quite distinct from other breeds and are indigenous to Nilgiri hills. Animals have long body, deep and broad chest, and short, strong legs. The head is heavy with horns set wide apart, curving inwards, outwards and forwards. Thick hair coat is found all over the body. The animals are gregarious in nature. Toda buffaloes are good milkers, yielding daily 4.4 to 8.8 litres of very rich milk.
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Fig. 9 Toda Buffalo
Pandharpuri
Pandharpuri is an important buffalo breed in southeast Maharashtra state in India.  It is a medium-sized animal having long narrow face, very prominent and straight nasal bone, comparatively narrow frontal bone and long compact body.  Typical characteristic of this breed is its horns which are very long, curved backward, upward and usually twisted outwards.  The neck is comparatively long and thin.  The udder of lactating buffaloes is medium sized, compact and somewhat hidden in between hind-quarters.  The tail is long and just reaching below hock.  The switch of the tail is usually white, while hooves are black.  The body colour varies from light black to deep black.  In general the animals are mild in temperament.
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Fig. 10 Pandharpuri Buffalo
Other Indian Breeds

Apart from the above-mentioned breeds. South Kanara in Mangalore region on the West coast of India; Sikamese in Sikkim; Assamese in Assam state; Tarai in Uttar Pradesh state of India and southern part of Nepal; and Manda, Kalahandi, Sambalpuri in the Orissa state of India are also found. These breeds are generally poor producers of milk but highly adapted to the ecology of the area.
Egyptian
Egyptian buffaloes are blackish grey. The horns vary from Iyre to sword ​shape. The head is long and narrow with long and drooping ears. The chest is deep but not very wide. The hocks are wide apart, prominent and higher than pins. The rump is sloping and tail setting is low. Body weight varies from 360 to 800 kg (Sidky, 1951) and is usually 500-400 kg. The average milk yield in organized farms is 1,300-2,000 kg with a mean around 1,700 kg (El-Itriby, 1969).
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Fig. 11 Egyptian Buffalo
Italian

The major concentrations of Italian buffaloes are in the region of Campania, particularly in Caserta and Salerno provinces. Apart from this, Italian buffaloes are found in the provinces of Frosinone and Latina in the region of Lazio and the province of Foggia in the region of Puglia. The animals are short-limbed and broad in proportion to their length. They are suitable for both meat and milk production. The average milk yield ranges from 1,400 to 3,000 kg. The adult body weight varies from 450-600 kg.
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Fig. 12 Italian Buffalo
Iranian
Buffaloes found in southern Iran are of a uniform type—dark grey in colour, weighing about 400 kg and 140 cm in height (Rastagir, 1950). The females gives up to 2,500 litres of milk in 300 days. Males are gen​erally used for draught and meat. My own observations, however, differ with respect to constancy of type and colour. The buffaloes generally show great diversity in adult size, weight and colour. Most animals show white patches on head and hocks.

[image: image13.png]



Fig. 13 Iranian Buffalo
Iraqi
Iraqi buffaloes are widely distributed, with foci of concentration in Baghdad, Basra, Amara, Diwaniiya, Hilla and other towns, where they are used for milk production. The largest concentration is still found in the Amara area of Shatul Arab. There is great diversity in colour, which varies from slate black to almost white. White patches on the head, legs and tail are common. The horns are gen​erally sickle shaped. The face is slightly dished. The withers are high, and the croup and haunch bones prominent. The body is generally elongated. The udder is big in good specimens, is carried well back and has good-sized and well-placed teats. Average measurements are: height at withers, 143 cm; length from point of shoulder to pin bone, 153 cm; girth, 209 cm (Williamson, 1949; Bhat, 1975). Milk yield varies from 1,600 to 2,500 litres in a lactation period of 200-300 days.
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Fig. 14 Iraqi Buffalo
Other European buffaloes (Bulgarian/Romanian/Hungarian)
Buffaloes are found in Albania, Greece, Turkey, Yugoslavia, Bulgaria, Romania and Hungary besides Italy. They are all of the same general type like those of Italian buffaloes and differ mainly in size.

Swamp buffalo
Cockrill (1967) prefers to group all the swamp buffalo types together as one breed, as no distinct breed has so far been evolved. Like the river-type nondescript buffaloes there are also many variants to be found in swamp buffaloes. The large swamp buffalo of Thailand may weigh well over 900 kg while the carabao of the Philippines or the small water buffalo of Borneo may weigh only 370 kg or even less.
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Fig. 15 Swamp Buffalo
These are distributed from the state of Assam of India to Yangtze Valley in China. The major concentrations are mainly in South-east China, Myanmar, Malaysia, Laos, Cambodia, Thailand, Indonesia, the Philippines and Vietnam. The skin is grey to slate blue, generally dark grey; white animals occur frequently. Black spots may be present on the skin of white animals. Eyes are not pink. The animals are not true albinos. They are largely having sweptback horns and are similar in general appearance across the countries except the size. The horns grow laterally and horizontally in young animals and curve round in a semi-circle as the animal gets older. They are massively built, heavy bodied and stockily built; the body is short and the belly large. The forehead is flat, orbits are prominent with a short face and wide muzzle. They weigh 300 to 500 kg when fully grown. Attempts to classify the swamp buffalo into breeds has not been very rewarding because of large diversity in conformation and colour. However there are some types that are recognized as being distinct. The differences are mostly in horn size, body size and colour. Local strains have been described in Thailand and Laos.White animals occur with a frequency of 1% in the Philippines and 5% in Malaysia. It is primarily used as a work animal in paddy cultivation. It is also used for pulling carts and for hauling timber in jungles. Milk yield of swamp buffaloes is very low (150–200 kg) in a lactation period of 150-200 days.

Latin American breeds
Brazil is emerging as a major buffalo nation in Latin America with the largest concentration (1.6 million) of buffaloes. There are other nine countries with sizable buffalo populations among Latin American countries. Most of the animals are progeny of the stock imported from Indochina in 1890; of Murrah, Jaffarabadi, Nagpuri, Surti, Nili-Ravi from Indian subcontinent during 1907-1962; and of Italian buffaloes from Italy. Most of these are used for milk and meat, while carabo’s are used for work and meat. These breeds have undergone a period of mixing. At the present time, they are classified as
(i) Brazil Murrah derived from imports of Murrah breed of India; (ii) Jaffarabadi derived from Jaffarabadi stock of India and bred pure; and
(iii) Mediterrano derived from imported Italian buffaloes and some Murrah admixture currently bred within the stock as purebred. These three breeds are bred for milk and its products, and for meat.
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Fig. 16 Brazil Murrah Buffalo

[image: image17.png]



Fig. 17 Latin Jaffarabadi Buffalo
Swamp buffaloes imported from Indochina are now raised as a distinct breed group and has been given the name Latin carabao.

Table.2.   Distribution of various breeds of buffaloes in Latin America, their utilities and countries of origin

Country
Breeds
date of 
Type of 
             country of introduction



         Introduction  
management 
and breed




           and production

Brazil
Murrah
1890/1895  Extensive for meat
Carabao via French Guyana 


Jaffarabadi
1907
with some feedlot
from indonesia; Murrah, 


Mediterraneo
1962
units. for dairy production
Jaffarabadi from India; and 


Carabao

intensive management is
    buffaloes from  Italy (1920)




practiced.

Venezuela
Mediterraneo
1920
Milk and meat
Trinidad, Italy, Bulgaria, India



1940/67/72
Extensive, stall feeding




for milk/Cheese — Cincho

Trinidad
Murrah
1900
Work, meat
India


Jaffarabadi
1924


Nagpuri
1938


Surti
1949


Bhadawari


Nili-Ravi


Mixture of these

Peru
Mediterraneo

Dairy/meat
Brazil


crossbreds
1966

Paraguay
Mediterraneo
1974
Stallfed for milk
Brazil


crossbreds


Murrah

Argentina
Brazilian Mediterraneo
1910
Milk production
Rumania, Italy, Brazil, India


Murrah
1980




Jaffarabadi
1983

Ecuador
—
1986

—

Colombia
—
1967
Meat, milk and work
Trinidad

Surinam
—
1890/95
Work and meat
French, Guyana, India

Cuba
—
1983
Meat/milk
Trinidad




1986

Source : Bhat (1997)

Besides these, imports of nagpuri, Surti and Nili-Ravi have also been made. All these are raised as purebreds or as crossbreds. In addition there are crosses of a large number of breeds imported from Indian subcontinent and Italy, and are used for meat and milk. Table 8.2 gives country-wise distribution of various breeds, their utilities and countries of origin.

5.  genetics

Blood groups

Work on blood groups in buffaloes was initiated by Singh (1942) at the Indian Veterinary Research Institute (IVRI) in India. He demonstrated four blood groups employing naturally occurring antibodies.  The first among these was tentatively  designated as J-factor. Chet Ram et al. (1964) showed that this factor had overlapping specification with J-factor of cattle. It was present in red cells and serum, serum alone or was completely absent. Its inheritance was controlled by three alleles.  

The blood group factors are inherited as dominant factors. The inheritance pattern led to the recognition of seven blood group systems involving 14 factors. The remaining eight factors were tentatively treated as independent systems. The results obtained by Khanna et al. (1968) on blood groups are summarized below:​

Table -3. Blood group systems and factors (Khanna et al., 1968)

Blood group
Antigenic           No. of alleles

system
factor
     recognized

A
AC
5

B
BDY
8

F
FG
4

N
NV
3

O
OW
4

Q
OX
4

J
J
3

L, P, R, S, T, Z, A' and B'
L, P, R, S, T, Z, A' and B'
2 each

Amano (1978) found six blood antigenic factors in swamp buffaloes in Indonesia. These are: Wh1, Wh2, Wh3, Wh4, Whs and WbJ at frequencies of 1.5,13.0, 23.2, 21.7, 0.0 and 15.9% respectively.  He also detected some of these blood groups  in crossbred (swamp x river) buffaloes, but none were detected in the river or Indian buffaloes. This evidence suggests that swamp and river buffaloes are immunogenetically different.

Biochemical polymorphism

Haemoglobin
In buffaloes, two haemoglobin components were reported by Giri and Pillai (1956). However, Khanna and Braend (1968) recorded two rare phenotypic variants. One variant exhibited three bands.

Transferrin 
Three transferrin phenotypes controlled by 2 co-dominant alleles were reported in buffaloes by Khanna (1969), Naik et al. (1969) and Basavaiah (1970). Khanna (1973) reported four transferrin types, viz. TfDD, TfKK, TfDN and TfKN, controlled by the three co-dominant alleles, viz. TfD, TfK and TfN, in order of decreasing anodic mobilities

Each allele controlled expression of three bands at 7.6 pH. TfK was the most frequent allele (gene frequency ranged from 0.74 to 0.95). TfD and TfN were present in low frequencies. TfN was confined to Nili and Surti breeds.

Albumin
Khanna and Braend (1968) and Juneja and Chaudhary (1971) reported three phenotypes controlled by 2 co-dominant alleles AlbF and AlbS. The frequency of AlbF was quite low (0.05 to 0.29) than that of AlbS.  

Amylase
Khanna (1973) described the existence of amylase isozymes, viz. AmC, AmA and AmB, in order of decreasing anodic mobility.

Carbonic anhydrase 
Khanna and Tandon (1978) described CaC, CaF and CaS isozymes in the order of decreasing mobility in Murrah breed. The gene frequency of CaF was highest followed by that of CaS and CaC . 

Ceruloplasmin
This protein is monomorphic (Khanna, 1973). Amano (1978) examined 22 electrophoretic loci and found that only 6 loci showed polymorphism — Alb (albumin), Tf (transferrin), AmI (serum amylase I), Hb (haemoglobin), CA (carbonic anhydrase) and PepB (peptidase B). From the analysis of genetic distances, they found distinct biochemical genetic differences between swamp and river buffaloes. For example, in swamp buffaloes at the Alb locus they reported AlbA, AlbB and AlbX alleles, but only the AlbA and AlbX alleles were detected (with frequencies of 0.57 and 0.43 respectively). AlbB allele was not detected. In river buffaloes the respective frequencies were 0.55 for AlbB, 0.05 for AlbX and 0.40 for AlbA.

Cytogenetics
Cytogenetic reports on buffalo are very few. Dutt and Bhattacharya (1952) were the first to report diploid number of chromosomes as 48 from squash preprations. Fischer (1974) reported the diploid number to be 50, using cell-culture technique. Subsequent studies (Chakrabarty, 1977; Gupta and Raychaudhuri, 1978) confirmed the findings of Fischer (1974). Chakrabarty (1977) established that there were 24 pairs of autosomes comprising five pairs of submetacentric and 19 pairs of acrocentric chromosomes. X chromosome was the longest acrocentric chromosome. Y was acrocentric but not morphologically distinct from the small pairs of autosomes.

Yadav and Balakrishnan (1982) showed that submetacentric chromosomes were C-band positive. X chromosome had a very large C-band, besides an intercalary band. They reported XX/XY chimaeric X chromosome trisomy in a Murrah buffalo with hypoplastic ovary. Pericentric inversion of the fourth metacentric chromosome of a buffalo and secondary constriction of submetacentric autosome have also been reported.

Prakash and Balakrishnan (1992) studied the localization and frequency of Nucleolar Organizer Regions (NORs) in metaphase chromosomes of Murrah, Surti and Mehsana buffaloes. Six pairs of autosomes (numbers 3, 4, 6, 21, 23 and 24) carried the sites of NORs at their termini in all the three breeds.  The frequency of NOR(P) were lowest for chromosomes 3 and 4 and highest for chromosome 6.  The distribution of genotypes (heterozygous and homogygous) with respect to these three pairs of chromosomes was variable in three breeds.  The observed genotypic frequencies for chromosomes 3 and 4 were significantly different from those of chromosomes in Murrah and the pooled population.  Prakash and Balakrishnan (1992) studied the locations of genes coding for the synthesis of ribosomal RNA at different stages of mitotic cell division in Murrah breed. Activity of rDNA was highest at interphase, and decreased at prophase, metaphase and anaphase.  At metaphase silver staining was localized at the nucleolus organizing regions of specific chromosomes only.  Positive silver staining indicated the functioning of rDNA cistrons.

Prakash and Balakrishnan (1993) traced the inheritance of NoRs for chromosome pairs 3, 4 and 6.  The patterns of NORs expected from different types of parental matings agreed with the observed patterns  in the progeny.  The authors concluded that NoRs followed Mendelian inheritance and suggested that these heritable chromosome loci could be used as genetic markers in selection.

Fischer (1974) reported 48 chromosomes (5 metacentric and 18 acrocentric pairs and X and Y) in swamp buffalo. Murrah buffalo has one additional acrocentric pair of chromosome, making the diploid number 50. Investigations on swamp x Murrah buffaloes with 50, 75, 87.5 and 93.75% swamp buffalo blood, respectively, revealed that the diploid chromosome number of the first two groups was 49, whereas the second two groups had the same karyotype as that of purebred swamp buffaloes. All the hybrids showed normal fertility.

Bongso et al. (1983) studied the meiotic chromosome behaviour in Murrah, swamp and Murrah × swamp hybrids aged two to two-and-a-half years. Chromosome sets ranging from 22 to 26 (most frequent, 24 and 25) with many cells carrying univalent, bivalent and multivalent configurations were observed in hybrids, whereas the meiotic cells in Murrah and swamp showed chromosome sets exclusively of 25 and 24 (bivalents) respectively. The hybrid testes revealed a 1​arge proportion of degenerating spermatocytes and abnormal spermatids in the process of spermiogenesis, suggesting that the various synaptic associations leading to unbalanced gametes may be responsible for the degenerating germ cells in the hybrids. The unbalanced meiotic products will probably lead to selection against such spermatozoa or early embryos after fertilization. Due to large percentage of germinal epithelial cells in F1 hybrids being wasted, the fertility of backcross and F2 generations would be subnormal. This, however, needs to be confirmed.

Chavananikul (1994) investigated the karyotype of 50% Murrah - 50% swamp, 25% Murrah - 75% swamp, 75% Murrah - 25% swamp and 87.5% Murrah - 12.5% swamp, and reported that 50% Murrah crosses possessed 49 chromosomes, while 25% Murrah crosses had both karyotypes having 48 and 49 in the ratio of 1:1.  The 75% and 87.5% Murrah had 2 types but different karyotypes of 49 and 50 chromosomes in the ratio of 1:1.

G- and R-banding comparison between cattle and river buffalo chromosomes have revealed a large number of banding homologies between the two species, both at early metaphase (Gupta and Ray-Chaudhary, 1978; Di-Berardino and Iannuzzi 1981) and prometaphase stages (lannuzzi et al., 1990). Based upon the morphology of the chromosomes and their banding pattern it was concluded that metacentric chromosomes in river buffalo originated from centric fusion between two of ten homologous autosomes of ancestors common to buffalo and cattle, a fact that is highly supportive of the hypothesis that all bovids have a common ancestor (Wuster and Benirschke, 1968). These five centric fusions are between 1 and 25, 2 and 23, 8 and 19, 5 and 18, and 16 and 29 chromosomes of cattle like the ancestor of the buffalo (lannuzzi, 1994). The five translocations were accompanied by loss of constitutive heterochromatin and a pericentric G-positive band in chromosomes 1p, 4q, 4p and 59 (lannuzzi et al., 1990).

The crux of these above studies was that Robertsonian translocation with loss of heterochromatin is the basis of chromosomal rearrangement and thereby resulting in rapid anatomical and adaptive evolution. Thus, by furthering the reassortment of new linkage group and altering complex regulatory systems, gene rearrangement may be more important than point mutation in promoting rapid evolutionary change. The evolutionary history of Bovidae is poorly understood (Curtain et al., 1973). Hence, studies on molecular markers of phylogenic significance is of value in understanding relationships between closely related species of Bovidae. In this connection, satellite DNA is of potential interest (Curtain et al., 1973). It is known that satellite DNAs of even closely related species differ markedly (Henning and Walker, 1970). Wherever tested, the DNA of this centrome-rich heterochromatin is largely composed of sequences of nucleotides repeated many times (Botchan, 1974). These centromeric sequences are simple and tandemly arranged and can often be separated as satellites from the bulk of the DNA by a variety of equilibrium centrifugation techniques. The apparent pivotal role of the centromere in mediating chromosomal arrangements in the Bovidae made it desirable to investigate the pattern of highly repetitive DNA sequences in the buffalo (Bubalus bubalis) and cattle (Bos indicus and Bos tarsus).

This hypothesis of Robertsonian translocations altering complex regulation systems has been shown at molecular level, to be operative in organization and variability of cattle and buffalo satellite DNAs (Beckmann et al. 1986; Rasool et al. 1992; Kumar et al., 1991; Misra et al., 1997; Ganai et al., 1997). 

Restriction fragment length polymorphism (RFLP)

RFLP is a promising recombinant DNA technique which allows study of genetic varia​tion in terms of nucleotide sequences and permits quantification of variation in terms of nucleotide diversity. These variations, once established, can be correlated with different metric traits and used as selection criteria. This approach which can also lead to identification of quantitative trait loci (QTL). These loci can be manipulated in breeding programmes. Repetitive DNA sequences
All eukaryotic genomes contain many DNA sequences that are repeated a few to millions of times, forming a class of highly repetitive DNAs called the satellite DNAs. These satellite DNAs are supposed to have a role in the deter​mination of chromosomal architecture of cell nuclei and have some role in gene expression and regulation. Eight types of satellite DNAs have been reported in cattle (Makaya et al., 1978). Bhat et al. (1990) began a study of buffalo satellite DNAs in 1988 to generate baseline data on this species. These studies would also throw some light on the evolutionary relationship between cattle and buffalo. Restriction endonucleases Pst I, Bam HI, Hind III, Eco RI, Bgl II, Pvu II, Msp I and Taq I were used (Table 8.4). A homologous satellite DNA fragment (Buffalo Pst 1-0.7 kb fragment) was used to explore the organization of different satellites. These findings are suggestive of the presence of 3 or more satellites in the buffalo genome. There was no variation in satellite DNA among individuals as well as between sexes with reference to these enzymes, though they included both hexacutters as well as tetracutters. No site variation exists in buffalo satellite DNA with reference to these enzymes (Kumar et al., 1991).

Table-4. Molecular sizes (Kb) of the repetitive DNA bands by different restriction enzyme digestions as revealed by ethidium bromide staining. (Kumar et al., 1991)


Pst I
Bam HI
Hind III
Eco RI
Bgl II
Pvu II
MspI
Taq I









3.94






3.55




3.35

3.30


3.40









3.16



2.98
2.98

3.00


2.90



2.63

2.37

2.48

2.50


2.09




2.19






1.90
1.97





1.58
1.70
1.68


1.32


1.42



1.35


1.20
1.27
1.27




1.19








1.01




0.88


0.70

0.84
0.79


0.78








0.69


0.50
0.56




0.57
0.58









0.52








0.45
0.45








0.42


(5)
(4)
(6)
(4)
(5)
(4)
(6)
(9)

Figures in parentheses are total numbers of bands.


Buffalo DNA reveals the same periodicities with Pst I restriction enzyme using homologous Pst I-0.7 kb fragments as was shown with cattle Eco RI​-1.4 kb fragment. It can be concluded that buffalo Pst I-0.7 kb fragment has high sequence homology with cattle Eco RI-1.4 kb fragment. The differences in intensities of different bands suggest loss of repetitive DNA in the process of formation of metacentric chromosomes by centric fusion. further studies in this direction will certainly help to.unravel the molecular nature of the evolutionary process at the divergence level of cattle and buffalo.

A detailed investigation was taken up to compare cattle and buffaloes using restriction endonucleases SmaI, MspI, TaqI, HaeIII, HinffIII, EcoRV, SacI, AluI, KpnI and EcoRI (Ganai et al., 1997). Five repetitive DNA bands of 2.9, 2.4, 1.2, 1.0 and 0.4 kb were observed in buffalo DNA digests, with SmaI. Out of the five bands, three bands (0.4, 1.2 and 2.4 kb) were multiples of 0.4 kb fragment, whereas bands of 1.0 and 2.9 kb size may either be part of some other satellite or of the same satellite with changed periodicity, probably due to a  recombination event specifically, unequal crossovers. These crossovers could lead to rapid changes in the number of repeats in the array. This is supported by the fact that a new repetitive DNA fragment of 2.9 kb has been generated in buffalo. The formation of a new satellite sequence, in buffalo, may be a post-divergence event with changed architecture of some chromosomes. This is inferred from the fact that centromere of  mammals are associated with repetitive DNA sequences. The 0.4, 1.0 and 1.2 kb bands were common to cattle, but 2.4 and 2.9 kb bands of buffalo, and 2.8, 3.2 and 3.6 kb bands of cattle were species specific. The 1.2 kb band was prominent in both the species, a result of selective amplification of tandem array due to its specific location in chromosome(s). The overall low intensity of repetitive DNA bands in buffalo as compared to those in cattle was indicative of loss of DNA of satellite(s) due to Robertsonian translocation. Table 8.5 gives the repetetive DNA bands in buffaloes using various endonucleases.

Unique DNA sequences

The genetic variability in unique DNA sequences (structural genes) can be studied with the help of molecular biology techniques. Four genes — the thyroglobulin gene (a sequence supposed to be more conserved), the major histocompatibility complex (a less electrophoresis through 1% agarose gel an ethidium bromide staining. (Ganai et al., 1997e) conserved gene complex having both con​served and highly variable sequences), growth hormone, and whey protein genes—were studied in buffaloes.


Sma I
Mso I
Sac I
Alu I
Taq I
Hae III
Hinf I
Eco RV
Eco RI
Kpn I


–
–
5.58
–
1.48
1.10
1.46
–
–
–


–
–
4.30*
0.98
1.26
–
1.26
3.0
–
–


2.9
0.65
–
–
–
–
0.89
2.0
–
–


–
–
–
0.56
0.95
–
0.56
–
–
3.5


2.4
0.45

0.49
–
–
0.47
–
–
–


1.2
0.30


–

0.38
–
2.30
3.1


1.0
0.25


0.42

0.28

–
–


0.4
–


–

0.26

1.58
–



–


0.28

0.24

1.47
–



0.12




0.20

–
–



0.10




0.18

–
–



0.08






1.00
–










0.90
–

* Doublet

Thyroglobulin locus (Tg locus): Thyroglobulin is a large dimeric protein which is the biosynthetic precursor of thyroid hormone. Thyroid hormone is essential for normal growth and neurological devel​opment in mammals (Mercken et al., 1985). In cattle, the thyroglobulin locus covers an area of approximately 200 kb, which is split into 35 exons (Georges et al., 1987) with an exon-intron ratio of 1/20—1/25. The mRNA of thyroglobulin gene is of 8,400 bp size. Because of the high exon-intron ratio, this is an ideal locus for finding RFLP markers. One cDNA probe can screen a large area of the genome. Thyroglobulin cDNA clones of cattle origin were used for probing the buffalo genomic DNA.

Analysis of buffalo thyroglobulin gene (Tg) showed that all the 4 cDNA clones (of cattle Tg gene) successfully hybridized with buffalo genomic DNA, indicating that there exists a high sequence homology between cattle and buffalo genomes. Comparison of nucleotide diversities in the two species revealed that buffaloes are 13 times more variable than cattle at this locus. The right region with a nucleotide diversity of 0.0096 was more variable than the left region, which has a diversitv of 0.0047. Eco RI revealed a polymorphic pattern with the right region only, while Hind III resolved polymorphic patterns with both the probes.


Histocompatibility locus (MHC locus) : The major histocompati​bility locus has been associated with different diseases. The cattle MHC system known as BoLA (bovine lymphocyte antigen) locus is reported to be associated with many diseases such as mastitis (Solbu et al., 1982), tick infes​tation (Stear et al., 1984) and occular squamous cell carcinoma (Caldwell and Cumberland, 1978). This association has also been reported in many other species. The goat MHC segregates with viral arthritis (Ruff and Lazary, 1985), whereas the horse MHC system has association with sarcoid tumours (Mere​dith et al., 1986) and sweet itch (Lazary et al., 1985). The MHC system also affects reproduction and fertility (MacCluer et al., 1988). The ‘ped’ gene detected in mice and pigs controls the rate of development (Warner, 1986) and is either within MHC or linked to it.

using the human MHC system the nucleotide variation in the different classes of genomic DNA in buffaloes was studied, It has been established that the MHC homolo​gous region is present in buffaloes and has been named BuLA (for buffalo lymphocyte antigen). The subregions which hybridized with DQ and DR were named the DQ and DR subregions of BuLA. The DQ subregion of buffaloes was analysed with Pst I, Bam HI, Hind III, Eco RI, Pvu II and Msp I (Table -6, Fig. -18). All the enzymes tested gave complicated hybridization patterns and all individuals differed from each other with regard to the band pattern, whereas the DR subregion revealed mostly a nonpolymorphic pattern except with Msp I. Nucleotide diversity studied at the DQ subregion revealed that the nucleotide site varied once in 60 bp. MHC of buffalo showed a diversity of 0.0148, indicating that variation at nucleotide site exists every 68 bp. In BuLA, DQ is more polymorphic than DR (Kumar et al., 1993).

Buffaloes have a highly polymorphic DQ subregion in the class II region of the MHC. The DR subregion was mostly monomorphic with the enzymes tested except Msp I. Beta chain genes are much more polymorphic than alpha chain genes in buffaloes.
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Fig. -18. Southern blot analysis of the DQ subregion of buffalo lymphocyte antigen locus using Pst I restriction enzyme. The molecular size (Kb) standards are shown on the right side and fragment sizes (Kb) are indicated on the left side.

Table - 6. Bands detected by hybridization with DQ after digestion of buffalo genomic DNA with various restriction endonucleases (Kumar et al., 1994)

Restriction 
No. of 
Molecular
No. of
Molecular
 endonucleases
polymorphic
sizes
nonpolymorphic
sizes


bands
(kb)
bands
(kb)

Pst I
18
35.1, 8.5, 6.5, 5.7, 4.5,
3
1.24, 0.85, 0.61



4.3, 4.1, 3.5, 3.4, 3.2,



2.9, 2.5, 2.1, 1.8, 1.6,



1.4, 1.3

Bam HI
2
2.82, 2.70.
5
17.78, 7.33, 6.38,





5.19, 2.10

Hind III
21
25.1, 21.4, 13.8, 9.1,
1
3.47



7.8, 7.1, 6.2, 6.0, 5.6,



5.5, 5.4, 5.1, 5.0, 4.3, 2.7



2.6, 2.4, 2.2, 1.8, 1.6, 1.5

Eco RI
16
15.3, 11.7, 10.0, 8.7, 8.4,



8.1, 6.8, 6.4, 6.2, 6.1, 5.6, 



5.2, 4.7, 4.5, 4.1, 3.8

Pvu II
10
7.4, 6.1, 4.4, 3.9, 3.8,
1
5.37



3.5, 2.9, 2.7, 2.6, 1.8

Msp I
15
12.3, 8.9, 7.8, 5.1, 3.9,
3
16.4, 6.3, 1.1



3.6, 3.1, 2.8, 2.5, 2.1,



                                         1.9, 1.7, 1.5, 0.8, 0.6

_____________________________________________________________________

Growth Hormone (GH)

The exogenous bovine growth hormone (bGH) performs versatile functions in body when injected in animals. Since the GH is galactopoietic it improves the biological efficiency of milk production without jeopardizing milk quality and processing characters The galactopoietic action of growth hormone is homeostatic regulation of metabolism by redirecting the partitioning and use of absorbed nutrient to milk production. There is 6-35% increase in milk production by exogenous supplementation of GH in lactating dairy animals. GH/rbGH orchestrates homeototic control over intermediary metabolism of glucose, fat and protein in combination with its direct and indirect effects on mammary secretory tissues. This encourages increased synthesis and secretion of milk by the mammary gland.

GH gene is a single copy gene and consists of exons separated by four intervening sequences and spans on 2 kb length of the genome. Cattle GH gene has been mapped to chromosome 19. Since bGH is involved in overall growth and lactation of animals, an RFLP linkage with quantifiable traits such as milk and meat production has been postulated. No information is available on the RFLPs associated with GH of buffalo. 

The information generated will be useful for searching markers of higher production. RFLP with Eco RI was observed at the locus with 4.5 kb fragment being most prevalent (95.5%). The other and less prevalent fragment was 12.6 kb (4.5%). The 4.5 kb fragment was observed in all the animals, none of the animals was homozygous for 12.6 kb fragment (Fig. 19).
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Fig.-19 Southern blot of buffalo genomic DNA’s hybridized with  ovine growth hormone cDNA probe.

RFLP with TaqI

In buffalo’s only two restriction fragments were observed with the size of 4.5 and 3.6 kb with Taq I. The frequencies of these two fragments were 58.3 and 41.7% respectively (Table -7; Fig. -20). All the three possible genotypes were observed with frequencies of 38 and 20% for homozygotes of 4.5 and 3.6 kb fragments respectively. Individuals demonstrating the most common patterns appeared to be heterozygous at this locus. It seems that the 4.5 kb fragment is the same as that of cattle. With one fragment length (58.5%) carrying the 4.5 kb allele and other fragment acquiring a new site near the 5’ or 3’ end of the gene by deletion of about 0.9 kb fragment to yield 3.6 kb allele.

[image: image20.png]kb





Fig. -20 Southern blots of buffalo genomic DNA digested with Taq 1 enzyme and hybridized with ovine growth hormone cDNA probe.
Table -7. Allelic frequencies of restriction fragment lengths associated with growth hormone gene in Murrah buffaloes. (Ganai et al., 1997d)

S.No.
Enzyme
n
Restriction fragment
Frequency




size (kb)
(%)

1
Eco RI
22
4.5
95.5




12.6
4.5

2.
Taq I
24
4.5
58.3




3.6
41.7

It can now be conclusively stated that the polymorphism exists in restriction fragments associated with GH locus. The presence of 4.5 kb fragment in both the species is the main site of the GH locus. Use of markers to assist in selection of animals for quantitative traits requires segregating alleles at reasonable frequencies in animals with superior breeding values for production characteristics. The frequency of polymorphism detected in this study, (Ganai et al., 1997d) indicates that genetic variation does exist, and could be utilized for this purpose.

Whey protein gene polymorphism

The quality of milk is largely dependent on milk proteins. These proteins exhibit very high degree of polymorphism in cattle, and correlations have been described between allelic variants of these fragments with milk protein genes, milk yield, and quality of milk proteins. All major milk proteins have genetic variants transmitted through simple Mendelian inheritance without dominance. Generally, these variants have been detected by the techniques  of gel electrophoresis, as the amino acid substitution or deletion has resulted in a change in the charge of the protein molecule. Of the six major milk proteins two whey proteins, viz. -lactoglobulin (la) and -lactoglobulin (lg) have also considerable influence on the quality and quantity of milk production.

-Lactoglobulin locus

To date no biological function for -lg has been discovered. The amino acid composition is such that the protein is of high nutritional value, but the molecular properties, particularly the acid stability, lead to the supposition that some other more specific function for this protein exists.

Eight variants of the -lg have so far been reported in cattle. The possibility of using milk-protein genetic variant as biochemical markers to predict future performance of the animal has resulted in much work on their influence on various production variables. The effect of genetic variants on manufacturing properties of the milk are more consistent than those on milk yield and gross composition.

A significant effect of -lg. genotype on -lg. concentration in the milk (genotypes AA>AB>BB) has been consistently found. Data reported so far suggest that synthesis of -lg decreases in the order -lg A, B, C genotypes and hence, there is higher whey protein in milk of animals with -lg A genotype. Studies have also shown that -lg B milk genotypes have a higher casein concentration than -lg A in milk.  In general, it appears that as the -lg B gene is substituted for the A gene, the concentration and proportion of -lg and also total whey protein decreases while casein content increases, although total protein content remains constant. Several studies have demonstrated that -lg B milk has a higher fat content than -lg A milk. Cows with -lg A genotype have higher protein yield in their milk than -lg B genotype. Milk from animals with -lg A coagulates faster than -lg B.  However, more firmer curd is formed with milk having -lg B protein. Profitability of cheese making was increased by breeding for increased proportion of the B genetic variants of beta-casein, -casein and -lg in the dairy cow population. An additional advantage is that -casein B and -lg B milk has greater heat stability when concentrated and is, therefore, more suitable for manufacture of evaporated milk.

DNA samples of buffalo yielded 265 bp fragment encompassing the site for HaeIII exhibited monomorphic pattern in all the buffaloes. The pattern was neither of A allele nor of B allele specific for cattle, thereby indicating that buffalo -lg gene with respect to HaeIII sites is different from cattle gene. Earlier reports on the basis of electrophoretic mobility, molecular weight, indistinguishable crystal form, sedimentation data and ultraviolet absorption properties, the amino acid composition and peptide pattern analysis had shown it to be identical to -lg B allele of cattle. Restriction site of HaeIII which differentiated A and B -lg alleles of cattle is situated in exon-4. It is 92 bp down stream to the first nucleotide of 26 mer primer situated in the same exon. The second HaeIII site in the 265 bp -lg amplicon corresponds to 74 bp down stream to first HaeIII site in the intron-4 as exon-4 is only of 111 bp, thereby yielding 166 and 99 bp fragments of A allele and 92, 77 and 99 bp fragments of B allele sequentially. It can be concluded that the cattle -lg B protein is similar to -lg of buffalo, and the restriction pattern of 265 bp amplified products of buffalo -lg is probably similar to -lg B of cattle as for exon-4 is considered but they differ with respect to intron-4 sequence. For cattle -lg B the second HaeIII site is 72 bp down stream from first HaeIII restriction site, whereas in buffalo the location of this site is probably ~150 bp or ~30 bp away from the first HaeIII restriction site situated in the intron-4. In order to confirm this conclusively detailed sequence studies are warranted.

Amplification of -la gene fragments

Two primers corresponding to 5’ region (intron 1) of the gene of cattle -la were selected for amplification of 306 bp fragment. This fragment contains the only known mutation in the protein gene wherein codon CGG of arginine at position 10 of protein had mutated to CAG of glutamine in case of B allele, thereby generating a site for enzyme MspI/HpaI in B allele. On analysing the fragment size of the different amplified samples of -la of cattle and buffalo no variation in fragment size was observed among the cattle and buffaloes.

MspI digest of the -la 306 bp amplicon exhibited monomorphic pattern in all the animals screened. A characteristic cattle -la B allele pattern with 220 and 86 bp fragments was observed in all the samples. The present observations of monomorphism of -la gene of Indian buffalo (Bubalus bubalis) is in agreement with findings of Bhattacharya et al. (1963). This study clearly indicated that the buffalo -la has restriction site for MspI at the same site where it is for B allele of cattle, thereby yielding fragments pattern similar to -la B of cattle. Although in electrophoretic mobility -la of buffalo is similar to -la A of cattle, at genic level it seems more probable that it is like -la B variant of cattle.

The frequency criterion of -la of cattle unequivocally designates -la B as the original type of the allele in genus Bos and probably original to Bubalus bubalis too, in view of the fact that when amino acid residue at position 10 of -la in cattle and buffalo are compared, arginine is at this position of -la B of cattle and -la of buffalo is evident from restriction pattern with Mspl (Fig. -21 and -22). Similar observation of arginine at position 10 of -la protein was also made in Italian water buffalo. Further, if B allele is the original one then a single mutation in a protein-coding region of gene will explain the evolution of buffalo allele from B variant, whereas for A variant two which are less probable, one corresponding to tenth position of protein and other replacing glycine for aspartic acid at a different site. The second mutation is not in exon-5 of the gene, because 100% sequence homology between exon-5 of -la cattle and buffalo has been shown.

[image: image21.png]



[image: image22.png]bp M123456 bp

.

i3

g5 5
E =

] |—se





Fig. -21. Analysis of 306 bp amplificates of -lactalbumin gene by PCR-RFLP with MspI. Lanes 1-6 (A) and 1-6 (B): Hariana cattle samples with genotypes: AB in lanes 1, 2, 6 (A) & 1-2 (B); BB in 3-5 (A) & 3-4 (B); and AA in 5-6 (B). Lanes 8-14 (A): Murrah buffalo samples with genotype similar to BB of cattle. Lanes M (A&B): pBR328 DNA digested separately with Bam HI, Bg II & Hinf I and mixed in a ratio of 2:3:3, respectively, and used as marker. On left side of photographs fragment sizes of marker and on right side fragment size of amplificates are marked respectively.
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Fig. -22. Analysis of the -lactalbumin PCR product of buffalo DNA with Msp I enzyme. Lanes: M-pBR 328/Bg/I marker, 1 to 6-PCR product digested with Msp I. On left and right sides of the photograph fragment sizes of digested amplicon and marker, respectively, are indicated.

These data indicate that buffalo -la is showing more sequence homology with -la B allele of cattle rather than with A and probably it is the variant of -la B allele which has descended from the common ancestor in antiquity.

Polymorphism of mitochondrial DNA (mt DNA)

Mitochondrial DNA (mt DNA) is maternally inherited and changes in the nucleotide sequence occur faster with substitution rate of 5–10 times higher than in nuclear DNA (Hutchison et al., 1974; Brown, 1980; Upholt and David, 1977; Watanabe et al. 1985). The size of the buffalo mt DNA is 16.4 kb (approx.) as reported by Misra et al. (1997).

Bhat et al. (1990), Amano et al. (1994) and Misra et al. (1997) reported the polymorphism of mt DNA in buffalo. Table -8 gives the number of cleavage sites for 15 restriction endonucleases and the molecular length of fragments. There was no site variation with respect to the 14 enzymes described except in Bgl I (Fig. -23).

The published reports indicate that mt DNAs have highly conserved restriction sites but for Bg II, the only restriction enzyme which can differentiate buffaloes in two groups A and B with 2 and 3 sites (Table -8) with preponderance of A type (90%) in this population. D-loop in mt DNA has approximately 1.1 kb length (Misra et al., 1997) with hypervariability in initial 556 bp. The remaining portion of D-loop is comparatively stable. Hence, this portion of D-loop, like in other species, can be used to classify the buffaloes on basis of maternal lineages. There was minor homology between cattle and buffaloes at mt DNA level as scarcely any of the restriction fragments of buffalo mt DNA matched those of cattle mt DNA.
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Fig. -23 Ethidium-bromide-stained agarose (0.7%) showing 11 restriction endonuclease cleavage patterns of buffalo mtDNA. Bg II generated two types of mtDNA (A type, 2 sites; B type, 3 sites).

Table -8. Number of cleavage sites of buffalo mtDNA for 13 restriction endonucleases and the molecular lengths of fragments (Bhat et al., 1990)

Restriction 
No. of
Molecular lengths

endonuclease
cleavage sites
of fragments (kb)
Ava I
3
10.96, 3.47, 1.32

Ava II
3
11.22, 3.8, 1.3

Bgl I

A
2
9.7, 6.6

B
3
8.6, 6.6, 1.1

Bgl II
3
11.2, 4.22, 0.8

Dra I
7
6.2, 3.7, 1.9, 1.9, 1.45, 0.55, 0.55

EcoRI
4
4.67, 4.30, 3.99, 1.95

Hind III
3
8.71, 5.01, 2.66

Hpa I
3
9.4, 5.13, 1.67

Kpn I
0
—

Pst I
1
16.4

Sal I
0
—

Xho I
2
13.1, 3.3

BamHI
4
8.4, 3.9, 3.6, 0.5

6. ADAPTABILITY

The fact that buffaloes are found in widely differing geographical conditions suggests that this species is adaptable to a wide range of environmental conditions. This is particularly true of the river buffalo. While the buffalo is remarkably versatile, it has less physiological adaptation to extremes of heat and cold. Body temperatures of buffaloes are actually lower than those of cattle, but buffalo skin is usually black and heat absorbent and only sparsely protected by hair. Buffalo skin has one-sixth the density of sweat glands that cattle skin has, hence buffaloes dissipate heat poorly by sweating. If worked or driven excessively in the hot sun, a buffalo’s body temperature, pulse rate, respiration rate, and general discomfort increase more quickly than those of cattle. Buffaloes prefer to cool off in a wallow rather than seek shade. They may wallow for up to 5 hours a day when temperature and humidity are high. Immersed in water or mud, chewing with half-closed eyes, buffaloes are a picture of bliss (Fig. - 25).
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Fig. - 25. Buffaloes wallowing in river in India
In shade or in a wallow buffaloes cool off quickly, perhaps because a black skin, rich in blood vessels conducts and radiates heat efficiently. Nonetheless, wallowing is not essential. Experience in Australia, Trinidad, Florida, Malaysia and elsewhere has shown that buffaloes grow normally without wallowing as long as adequate shade is available.

High humidity affects buffaloes less than cattle. In fact, if shade or wallows are available, buffaloes may be superior to cattle in humid areas. In southern Brazil, trials comparing buffalo and cattle on subtropical riverine plains have favoured the buffalo.

The buffalo is considered essentially as animal of the plains, but the native buffaloes of Nepal are found distributed from the plains of the Terai region up to an elevation of 2,700 m. Buffaloes of the Murrah breed from the plains of India have been introduced into the mid-altitude region of Nepal. These animals have easily adapted to this hilly environment and are thriving. In Bulgaria buffaloes are used for drawing snow-ploughs. A herd of swamp buffaloes is thriving at Kandep in Papua New Guinea, 2,500 m above sea-level.

The best milk breeds of buffaloes in India and Pakistan are mostly confined to areas where the summer temperature rises above 46°C (115°F) and the winter temperature falls below 4°C (39.5°F). Nondescript buffaloes are scattered all over India and Pakistan. The buffalo is capable of maintaining ifself in good condition, where there is barely enough sustenance to maintain life such as stubble fields or marshy lands with sedge, reeds, water weeds and grasses. It can also work and supply milk when fed the poorest of diets.

The swamp buffao is not as adaptable as the river buffalo. They are found only in swampy and marshy areas, and in hot climates. Swamp buffaloes must have almost unlimited access to water to keep them cool.

Water buffaloes are well adapted to swamps and to areas subject to flooding. They are at home in the marshes of southern Iraq and of the Amazon, the tidal plains near Darwin, Australia, the Pontine Marshes in south-central Italy, the Orinoco Basin of Venezuela, and other areas. In the Amazon, buffaloes (Mediterraneo and swamp breeds) are demonstrating their exceptional adaptability to flood areas. Buffalo productivity outstrips that of cattle, with males reaching 400 kg in 30 months on a diet of native grasses.

When exposed to direct solar radiation or if made to work in the sun during hot weather, buffaloes exhibit signs of great distress. On account of the dark skin and the sparse coat of hair on the body, there is great absorption of heat from direct solar radiation. Besides this, there is also less efficient evaporative cooling from the body surface of the animal due to a rather poor sweating ability. If kept in shade and rested or put to work at a slow pace unexposed to the sun during the hot weather, their tolerance to heat is of no mean order. Their thermoregulatory mechanisms function efficiently and are more effective in the shade  than they are in cattle, when the speed of recovery from the effect of stress is taken as a measure of efficiency (Badreldin and Ghany, 1952; Mullick, 1960). Results of investigations by Pandey and Roy (1969) on seasonal changes in body temperature, cardiorespiratory and hematological attributes and body water and electrolytic status of the buffalo under conventional farm mangement lend further support to their view. Pandey and Roy (1969) emphasized that the plethora of changes observed in the buffalo are orderly manifestations of various physiological adjustments necessary for adaptation to higher environmental temperature and that these changes are within physiological limits.

Under cool, comfortable conditions the average rectal temperature, pulse rate and respiration rate of the buffalo are lower than those of the zebu, but exceed on exposure to hot-humid conditions. Buffaloes become more hyperthemic on exposure to direct sun due to black skin and scanty hair on the body. Body temperature rises sharply from 0.3°C to 2.4°C depending on the environmental temperature and duration of exposure (Badreldin and Ghany, 1952; Mullick, 1960). However, temperature falls sharply to normal on shifting the exposed animals to sheds, splashing of cold water or wallowing. The effect of stress on exposure to a hot-arid environment is more severe in buffalo heifers than in zebu heifers.

The rise in climatic temperature reduces heat dissipation by convection and radiation due to the drop in the temperature gradient (skin temperature-air temperature). The first response of the animal is to elevate skin temperature by vasodilation of skin to bring more heat from the core by fast circulating blood to the skin. This mechanism is effective in buffaloes than in cattle due to the absence of intervening hair coat in buffaloes. however, this mechanism is not effective with high rise in air temperature. With failure of heat dissipation by physical (non-evaporative) channels, the animal increases water vaporization from its surfaces, skin and respiratory tract. Since buffaloes have apocrine sweat glands they rely less on active sweating for skin vaporization, and depend more on respiratory vaporization by forcing more ventilation rate.

Very few reports are available about the heritability of environmental adaptation phenomena, more particularly of thermo-cardio-respiratory responses in buffaloes. Sethi and nagarcenkar (1981) studied the inheritance of heat tolerance in buffaloes by measuring change in the body temperature and pulse rate before and after exposure to direct solar radiation for 6 hours. They reported heritability estimates of 0.24±0.19, –0.05±0.12, 0.39±0.24 for initial body temperature, initial pulse rate and heat tolerance index (Iberia heat tolerance test).

Though the thermoregulatory mechanism of the buffalo is reasonably efficient there are reports of the reproductive system being adversely affected by climatic changes. The quality of the buffalo semen deteriorates like that of cattle, sheep and goat semen during summer, but unlike other species the Murrah buffalo fails to retain the quality of its semen at a high level during winter also (Mukherjee and Bhattacharya, 1953; Kushwaha et al., 1955; Sengupta et al., 1963). 

The buffalo is sensitive to extremes of climate and has lesser ability than cattle to adapt itself to a colder climate. Failure during the winter to produce semen of high quality as is produced in spring may be the result of the sensitivity of the buffalo to a cold environment.

Although generally associated with the humid tropics, buffaloes have been reared for centuries in temperate countries such as Italy, Greece, Yugoslavia, Bulgaria, Hungary, Romania, and in the Azerbaijan. Buffaloes are also maintained on the high, snowy plateaus of Turkey as well as in Afghanistan and the northern mountains of Pakistan.

The buffalo has greater tolerance to cold weather than is commonly supposed. The current range of the buffalo extends as far north as 45° latitude in Romania, and the sizable herds in Italy and the Soviet Union range over 40° N latitude. Cold winds and rapid drops in temperatures cause illness, pneumonia and sometimes death. Most of the animals in Europe are of the Mediterranean breed, but other river-type buffaloes (mainly Murrahs from India) have been introduced to Bulgaria and the CIS countries which indicates that river breeds at least have some cold tolerance.

Since buffaloes have sparse hairs they have no way to engage an efficient insulative coat to check heat loss from their body. Even the neonatal and young calves with their denser hair cover gain less value as the pili muscles are weak in performing hair erection function to increase the thickness of the coat in accordance with the degree of coldness. The animal has to increase the metabolic rate to compensate for faster heat loss. The subcutaneous fat layer however is a good substitute of the outer coat for insulative heat preservation, if it is developed to effective thickness, a character waiting anatomical and physiological studies. Folk (1974) drew the attention to an important fact that the subcutaneous fat has abundant blood supply, rejecting the erroneous impression of feeble circulation. He stated that this plenty of blood permits effective deposition and utilization of fat in this depot. Vasomotion in skin is also a primary physiological response to fluctuations in environmental temperature. Since the skin of the buffaloes is very thick (0.6-10.0 mm) vasoconstriction plays a great part in heat conservation in cold weather. 

Some degree of seasonal variation in breeding efficiency is usual with most domestic livestock, but the variation is more marked in the buffalo. A seasonal trend of reproduction among the Philippine buffaloes was first reported by Villegas (1928). Subsequently, this peculiarity of breeding of the buffalo was reported by many workers from India. Pakistan, Egypt, Bulgaria and Italy. Analysing the data from various farms in India and Pakistan, Rife (1959) observed that there was practically no incidence of oestrus during the hot months and that the oestrous symptoms were not pronounced during the adjacent periods. Bhat (1983) noted that this observation could not be supported from the data of Military Dairy farms. They showed that female buffaloes came in heat regularly during summer and that there was no particular season of breeding for Murrah buffaloes, although there was a tendency for better performance during the cooler months. They noted that buffaloes in the marshes of southern Iraq breed throughout the year, but more so in the spring and a little less so in the autumn.

The depression of the breeding function of buffaloes during hot months led many to suspect that it was in some way related to high environmental temperatures or to the temperature-humidity complex of the tropical summer. Others considered that in addition there might be a photoperiodic effect. Roy et al. (1968) conducted a series of systematic investigations. From the results of the earlier experiments it appeared that air temperature and humidity had a direct effect on breeding efficiency as improvements in breeding performance were obtained by alterations in housing conditions to provide relief from heat stress. Subsequent investigations have suggested that the photoperiod, rather than the heat stress factor, is primarily involved. Further studies and more critical evaluation of the experimental results led this team to believe that manifestation of oestrous symptoms is poor during the summer months and that with proper husbandry practices it is possible to make the buffalo breed fairly uniformly all through the year. There are many questions relating to the reproduction of the buffalo that still remain to be investigated, and it is very likely that a number of factors singly or in combination are operational in causing the marked seasonal breeding behaviour.

ECONOMIC PARAMETERS

Information on growth, reproduction and production parameters and selection studies across various breeds has accumulated over the last two decades. The details are discussed in the following paragraphs. On the basis of body size Murrah, Nili-Ravi, Egyptian and Italian breed/breed types could be classified as large; Surti and Bhadawari as medium and Kundi as small size breeds. Body weights at various ages provide a measure of growth and size, and reflect the suitability of breed or strain to a particular ecosystem. Its study is important from the point of view of early maturity and general adaptability.

Birth weight

The birth weight in large breeds varies from 27 to 41 kg (Nautiyal and Bhat, 1977; Basu and Rao, 1979) and 24 to 30 kg in medium size breeds (Venkatachar and Sampath, 1978; Chowdhary and Barhat, 1979).

Month/season and year/period have significant effect on birth weight (Johari and Bhat, 1979b; Nautiyal and Bhat, 1979). Summer-born calves are heavier than those born in autumn.

Sire has significant effect on birth weight (Basu and Rao, 1979). Most workers observed the differences between sexes to be significant, males having higher birth weight than females.

Galal and Fahmy (1969) and Fahmy (1972) reported significant effect of parity. The birth weight increased from first to sixth calving. The weight and age of dam at calving also influences the birth weight, it being higher in females with higher age and weight at calving (Misra et al., l970; Fahmy, 1972; Basu et al., 1978; Alim and Taher, 1979). 

The heritability of birth weight in Indian buffaloes ranges from 0.16 to 0.74 (Ragab and Abd-El-Salam, 1963; Basu and Rao, 1979). However, most of the heritability estimates based on data adjusted for significant non-genetic effects are low, 0.16 ± 32 (Tomar and Desai, 1967; Sreedharan and Nagarcenkar, 1978; Basu and Rao, 1979). Nautiyal and Bhat (1979) however, reported a slightly higher estimate of 0.56 ± 0.09 (using adjusted data) for this trait.

The phenotypic correlations of birth weight with body weights up to first calving though positive were low (0.02–0.34) and gradually declined with increase in age (Johari and Bhat, 1979b; Nautiyal and Bhat, 1979). A similar trend was noted for genetic correlations. The phenotypic correlations of birth weight with age at first calving and first lactation yield are also low and non-significant (Marwaha, 1974). The low genetic and phenotypic correlations of birth weight with body weights at later ages and of birth weight with age at calving or milk yield suggest that birth weight cannot be used to predict either the mature body weight, age at calving or milk yield.

Weight at various ages

Body weights at different ages across the breeds are given in Table -9. Among Indian breeds, the Nili-Ravi had the highest weight at 24 months followed by Murrah, while Surti had the lowest weight. Egyptian heifers have lower weights at 24 months than Nili-Ravi. Italian buffaloes grow at a fast rate and at 24 months of age weigh considerably more, around 450 kg. Knapp (1957) attributed this difference not to differences between breeds but to nutritional status. Reports on body weights in male calves are generally not avail​able because males except those to be retained for breeding are culled at an early age.

Table -9. Body weights (kg) at 3, 6, 12 and 24 months in females


Body weight at

Breed
0 month
3 months
6 months
12 months
24 months
First calving

Murrah

(Basu and Rao, 1979)
31.68
70.56
112.14
185.09
283.21
446.42

Murrah Grade

(Johari and Bhat, 1979b)
31.14
77.79
127.10
212.59
326.05
461.91

Nili-Ravi

(Sharma and Basu, 1984)
30.00
86.33
144.50
243.25
395.22
531.06

Surti

(Basavaiah, 1983)
25.60
58.09
79.64
109.37
205.13
—

Egyptian


(Ragab and Abd-El-Salam,
36.41
106.03
120.09
220.00
340
—

1963)

Italian
34.59
105.09
175
266
450
450

(Knapp, 1957)

Mediterraneo
36.80



368.85

Jaffarabdi
36.15



308.30

Carabao
36.75



322.70

Rathi et al. (1973) and Basu and Rao (1979) reported that weights at 9,12 and 18 months were significantly influenced by seasons of birth. Calves born in cooler months (October to March) had higher rate of gain and had higher weights at 3, 6 and 12 months of age than those born in hotter months. This could also be due to availabllity of better-quality greens during the cooler months.

The heritability estimates of body weights at various ages range from 0.27 ± 0.09 to 0.72+0.11. Nautiyal and Bhat (1979) reported heritability estimates of 0.49 ± 0.09, 0.42 ± 0.08, 0.39 ± 0.09, respectively, for body weights at 3, 6 and 12 months (Table -10). These results suggest that selection would be effective in improving body weights/growth at 6 or 12 months.

Table -10. Heritability and genetic and phenotypic correlations among various growth traits in Indian buffaloes

Body weight at


Birth
26 weeks
52 weeks
24 months
36 months
First calving

Birth
0.56±0.09
0.11±0.02**
0.10±0.02**
0.06±0.02
0.14±0.03*
0.08±0.03**

26 weeks
0.18±0.12
0.42±0.08
0.62±0.02**
0.40±0.02**
0.33±0.03**
0.22±0.03**

52 weeks
0.26±0.13*
0.89±0.31**
0.39±0.09
0.57±0.02**
0.46±0.04**
0.21±0.03**

24 months
0.10±0.13
0.65±0.07**
0.68±0.08**
0.40±0.08
0.60±0.03**
0.19±0.03**

36 months
0.43±0.16*
0.32±0.19
0.67±0.13**
0.49±0.16**
0.20±0.09
0.40±0.03**

First
0.19±0.17
0.31±0.19
0.34±0.19
0.50±0.15**
0.64±0.12**
0.15±0.16
calving

*P<0.05, **P<0.01. Above the diagnoal are phenotypic, below the diagonal are genetic correlations; along the diagonal are heritability estimates.

Source: Nautiyal and Bhat (1979)

The phenotypic and genetic correlations among the body weights, in general, were high and with increase in age declined gradually. The genetic correlation, in general, was higher than the phenotypic correlation (Nautiyal and Bhat, 1979; Johari and Bhat, 1979b). The correlations of body weights at later ages with weight at first calving were positive and ranged from moderate to high (Nautiyal and Bhat, 1979; Sharma and Basu, 1984) thus suggesting that higher weights at 1 and 2 years would lead to higher weight at first calving. The genetic and phenotypic correlations of body weights at various ages with age at first calving were, however, negative (Marwaha, 1974), suggesting that an increase in weight would lower the age at first calving.

Moderate to high heritability estimates for body weights at various ages and positive correlations among them, suggest that these should be utilized in formulating the breeding plan by giving appropriate weightage to body weights in the selection criterion so that higher body weights/growth rates leading to early maturity could be achieved.

Weight at first heat

Basu et al. (1984) reported average weight at first heat in Murrah buffalo heifers as 336.6 ± 2.8 kg with coefficient of variation of 12.3%. The frequency distribution of weights at first heat showed that 41.7% of the heifers weighed between 321 and 360 kg. Positive phenotypic correlations of weight at first heat with age at first calving (0.25) and weight at first calving (0.42) were observed. The heritability estimate for the trait was 0.30±0.19.

Weight at first calving

The weight at first calving in Murrah varies from 449 and 525 kg (Kanaujia, 1978; Johari and Bhat, 1979b; Basu et al., 1984). Singh and Desai (1962) reported the adult body weight in Bhadawari buffaloes as 425 kg.

Buffaloes calving for the first time in summer (March-June) are heavier at first calving than monsoon (July to October) and winter (November-February) calvers. The significant differences in weight at first calving between most and least calving seasons for this trait were attributed to favourable climate and availability of sufficient greens during pregnancy (Rathi et al., 1971).

Differences between farms, periods and sires for weight at first calving are significant (Johari and Bhat, 1979). Age at first calving also significantly lnfluences the weight at first calving (Basu et al., 1984). Johari and Bhat (1979b) and Reddy (1980) reported heritability estimates of 0.34±0.14, 0.23±0.05 and 0.19±0.06, respectively, for this trait. 

The phenotypic correlations between weight and age at first calving ranges from 0.15 to 0.39 (Marwaha, 1974; Reddy, 1980). The genetic correlations are positive and high (0.68 to 0.74), suggesting that selection for either of the trait would lead to correlated positive change in the other.

The phenotypic correlations between weight at first calving and first lactation yield is 0.15 ± 0.45 (Marwaha, 1974). The genetic correlation between weight at first calving and first lactation milk yield (300 days) is 0.74 ± 0.09. The high genetic correlation suggests that animals with higher weight at calving would have higher first lactation yield.

Growth rate

Growth rate, in general, is linear from birth to 36 months (Amble et al.,1970; Rathi et al., 1973; Nautiyal and Bhat, 1977). Nautiyal and Bhat (1977) reported average daily gains of 0.497, 0.547 and 0.503 kg for 0–3, 3–6, 6–12 months age interval respectively. The average daily gains thereafter, up to 36 months, for different periods varies between 0.328 and 0.377 kg. The overall average daily gain from 0 to 36 months is 0.406 g.

Sharma and Basu (1984) reported the mean daily body weight gains for different age intervals as 647 g (birth to 12 weeks), 657 g (12  to 24 weeks), 552 g (24 to 36 weeks), 512 g (36 weeks to one year), 416 g (one to two years) and 271 g (two years to age at first calving) in Nili-Ravi buffaloes. The daily gain in body weight increases from birth to 24 weeks, being maximum during 12 weeks to 24 weeks, but declines thereafter up to age at first calving. 

The birth weight of the Egyptian buffalo is slightly higher than that of the Italian buffalo and the rate of growth in the two types is very similar up to the age of 3 months. After this period, the Italian buffalo grows at a much faster rate and at 2 years of age weighs considerably more than the Egyptian buffalo. Knapp (1957) attributed the difference in growth rate in favour of the Italian buffalo not to differences between the breeds, but primarily to the difference in nutritional status. Average daily gains are, respectively, 0.728 kg and 1.163 kg in the Egyptian and Italian buffaloes.

In Caucasian buffaloes daily gain is of 0.8 to 1.2 kg on intensive fattening (Agabeili et al., 1971).

Heat stress during summer depresses the growth rate of young buffalo calves by about 15% (Tripathi et al., 1972). In Iraq average daily gains of 0.728 kg and 1.163 kg have been reported in two feedlot trials (Bhat, 1975).

The above results suggest that the period up to one year of age could be economically utilized in feedlot for maximizing growth rate. It seems that present potential of the species is around 500 g per day up to one year on normal diet, and this can be improved further through selection of fast-growing males.

7. Reproduction

Male. Spermatogenesis in the buffalo starts quite early in life and meiotic division of the spermatogonial cells has been observed as early as at one year of age in the Indian buffalo (Dutt and Battacharya, 1952). It is likely that spermatogenesis may start even earlier. There is a belief that the buffalo grows at a slower rate than cattle, even with good feeding and management, and attains sexual maturity at a later age. There are, however, reports from Italy and Russia of the buffalo bulls being put to service at around two years of age and this is not much different from the age at which male cattle are used for breeding. The age at first service of the buffalo bull is around three years in Iraq although some well-fed and well-developed bulls may be put to stud at two years. In India, Pakistan and Egypt the buffalo bull is generally not used at stud before 3 to 3½ years of age. The duration over which the buffalo bull may be retained for service is as yet a subject of individual opinion as no systematic study appears to have been made on  this aspect of husbandry. MacGregor (1941) stated that in the buffalo ‘by six or seven years there is frequently a loss in potency with a rising proportion of unsuccessful services but desire continues until he is 12 years or more, during which time his muscular strength seems to increase. Complete senility, i.e., loss of muscular strength as well as desire, does not manifest itself until he is over 15 years of age’. Others have expressed the view that the buffalo bull can be retained for service up to 10 to 15 years of age. Buffalo bulls are used for breeding in Iraq up to ten years of age. In Italy, bulls are replaced after only four or five years of service.

Divergent views have been expressed about the number of female buffaloes to be allowed per bull. According to MacGregor (1941) ‘a good buffalo bull of the river type can serve 100 cows a year, but it is unusual to allow more than 12 cows to each bull as each of them will be served several times during her heat’. Hafez (1952) stated that a buffalo bull can serve 50 females in a year. Lazarus (1946) opined that the buffalo bull should be used sparingly so that he does not serve more than 75 times a year. The number of females allotted to one buffalo bull in Iraq villages varies widely from 12:1 to 600:1, but in the majority of villages it is less than 100:1.

In Egypt, 75% of the services in buffaloes occur during the four months of the year that constitute the breeding season. A bull is used at least three times a week during this period. With such heavy service there is deterioration in semen quality and consequent lowering of fertility (Asker and El-Itriby, 1958). In Egypt with three semen collections per week from the buffalo bull there was a comparative deterioration in the semen quality. With semen collection twice a week for a period extending over three years, there was no deterioration in semen quality or sex vigour in Murrah buffalo bulls. Sex vigour of the buffalo bulls declines during the hot summer in north Indian subcontinent and improves with the onset of the cold season. With the introduction of artificial insemination (AI) and wider use of frozen semen technique this aspect has lost much of its significance in most countries where milk production is in high focus and husbandry has improved.

Female. The age at puberty of buffalo heifers shows a wide variation, but generally much later than cattle. Basu et al. (1984) reported the age at first heat to be 30.6 months in Murrah buffaloes. Nagpuri buffaloes come in heat late at 42-48 months of age (Kaikini and Paragaonkar, 1969). In Egypt, buffalo heifers exhibit first oestrus after the age of 13 months (Hafez, 1955). Age at puberty of buffalo heifers in the Philippines varies between 26 and 29 months (Villegas, 1930). Female buffaloes in Cambodia attain puberty at three years of age, whereas cattle heifers in that country achieve this physiological status some six months earlier (Baradat, 1949). Buffaloes in Azerbaijan exhibit first oestrus at two to three years of age, but with good feeding, puberty is attained earlier (Gorbelik, 1935). With the wide variation in reported age for puberty in buffalo heifers from different countries, it is obvious that wide variations will be found in age of conception and the age at first calving. From available reports it appears that, in general, buffalo heifers are not bred before they are 2½ to 3 years of age. More commonly buffalo heifers are put to the bull at 3½ years or later.

Oestrus, oestrous cycle and ovulation

Oestrus in buffaloes shows marked variations. This could be due to differences in breed, environmental conditions and management. The signs of oestrus in river buffaloes from India, Pakistan and Egypt are less intense than in female cattle (Hafez, 1954; Ishaq, 1956;Luktuke and Ahuja, 1961). On the other hand, the symptoms of oestrus in the carabao of the Philippines are more obvious than in female cattle (Ocampo, 1939-1940). In 84% of cases oestrus in the Egyptian buffalo commences between 18.00 and 06.00 hours (Hafez, 1954), and in Indian buffaloes usually during the morning. According to some reports, mating desire in the buffalo ceases during the day and female buffaloes breed only at night (MacGregor, 1941; Cockrill, 1967). This may be true for wild or swamp buffaloes, but not for the river-type buffaloes of India and Pakistan. Incidence of silent heat is high in buffaloes and many oestruses may go unnoticed unless great care is exercised in detection.

Breeding behaviour

Bhat et al. (1983) observed that buffalo cows continue to come in heat regularly in all months, the highest being in October and the lowest in April (Table -11).  There are no differences between months and between seasons with regard to per cent animals exhibiting oestrus and subsequent conception (Singhla, 1984). The view earlier held that there was seasonality in conception (Goswami and Nair, 1964; Rao and Rao, 1968, Roy et al., 1968) due to seasonal  variation in oestrous cycle pattern, therefore, has to be rejected. The lower conception rate during summer months (April to September) is due to poor semen quality of buffalo bulls. Hot-humid months affect spermatogenesis of male buffaloes adversely. The use of frozen semen during these months is recommended to overcome lower conception rates.

Table -11. Month- and season-wise occurrence of heat and conception rate in Murrah buffaloes

Month of 
Heat (%)
        
Conception rate              (%)


insemination

January
 8.8

26.0

February
 8.3

26.2

March
 7.2
25.2b    
23.6
23.6b
April
 5.9

19.6

May
 7.4

19.8


June
 7.4
24.8c
16.2
19.6c
July
 7.1

17.3

August
 7.2

18.2

September
 8.1
28.6d
21.2
22.0d
October
13.1

24.3

November
10.3

28.3

December
 9.2
28.8a
24.9
26.5a

a, Winter (November to January); b, spring (February to April); c, summer (May to July); d, autumn (August to October)

Source: Bhat et al. (1983).

In a study on Murrah buffaloes, oestrus during gestation was observed in 6.1% of the animals and on an average the oestrus symptoms were exhibited 108.4 ± 11.8 days post-conception (Luktuke and Roy, 1964).

Post-partum heat in the river buffalo when it appears early may manifest around 40 days following parturition, but in most instances appears after a period exceeding 100 days following the birth of the young (MacGregor, 1941; Shalash, 1958; Luktuke and Roy, 1964). The swamp buffalo in Malaysia exhibits first heat after parturition at about 65 days (MacGregor, 1941).

The length of the oestrous cycle of the buffalo is similar to that of cattle and is on an average around 21 days (Shalash, 1958), but considerable variations in the length of the cycle can commonly be observed.

Fern-pattern formation by cervical mucus on drying is maximum during oestrus (Raizada et al., 1968; Sen Gupta and Sukhija 1988). Further, a high percentage of pregnancies results from insemination at oestrus, natural or induced, associated with typical fern-pattern formation in the cervical mucus.

Ovulation in buffaloes occurs subsequent to the cessation of oestrus as in the case of cattle and the time interval in the two species also appears to be similar (Shalash, 1958; Rao et al., 1960; Basirov, 1964).

The ‘lutein’ tissue that forms in the ovary following ovulation is white in buffaloes in contrast to the yellow colour observed in cattle.

Gestation length

The gestation length in buffaloes is somewhat longer than in cows, with a range between 299 and 346 days (El-Sheikh, 1967; Joshi et al., 1969). Mean gestation length (± S.D.) for Lanka buffaloes (316.3±6.5 days) is significantly longer than that for Murrah (309.9±6.5 days) (Perera and De Silva, 1985).  However, within each breed, the mean gestation length for males and females is very similar.

The average gestation period for river buffaloes in India and Pakistan is around 307 days. Buffaloes in Egypt carry their young a week or 10 days longer. The gestation period of the swamp buffalo is considerably longer than that of the river buffalo and lasts for 330 to 340 days (MacGregor, 1941; Hua, 1957).

Ghanem et al. (1955) observed significant difference in length of gestation between paternal and maternal halfsibs and fullsibs.  The heritability estimate for gestation length is 0.32±0.02 (Joshi et al., 1969) in Murrah and 0.32±0.13 (Ghanem et al., 1955) in Egyptian buffaloes.

Age at first calving

A large variation exists in age at first calving across the breeds, it being highest in village buffaloes (Amble et al., 1958; Chhikara et al., 1978).  The averages in Murrah and Nili-Ravi is 40 to 44 months (Sreedharan and Nagarcenkar, 1978; Johari and Bhat, 1979a; Reddy, 1980), while that in Egyptian buffaloes was around 40 months (El-Sheikh, 1967; Alim, 1978).  In Surti, Bhadawari and Nagpuri buffaloes, the age at first calving is slightly higher, 46-54 months.

Month/season of calving has non-significant effect on age at first calving (Rathi et al., 1971; Johari and Bhat, 1979a; Dutt and Taneja, 1994). Differences between farms and years/periods for age at first calving are significant (Sharma and Singh 1978; Johari and Bhat, 1979a; Reddy, 1980; Dutt and Taneja, 1994).  The farm differences could also be genetic in nature due to differences in genetic merit of sires used at these farms.

The heritability estimates for this trait varies between 0.12 and 0.34 (Reddy, 1980; Mangrurkar and Desai, 1981; Kalsi and Dhillon, 1982; Gurung and Johar, 1982). Dutt and Taneja (1994) reported it to be 0.53±0.21 and 0.43±0.08 respectively.  Large differences in heritability estimates are due to differences in number of sires used, number of progeny per sire and variation between individuals within halfsib groups apart from differences in genetic merit of sires used in these herds.

Low phenotypic correlations between age at first calving and first lactation milk yield have been reported by various workers (Dutt et al., 1965; Tomar and Desai, 1968;  El-Arian 1986).  However, Dutt et al. (1965) reported negative phenotypic association between age at first calving and milk production up to 6 (-0.74), 8 (-0.55) and 10 years (-0.46) of age.  Low and negative phenotypic correlations between these two traits were also reported by Rathi et al. (1971) and Gogoi et al. (1985). The genetic correlations between these two traits were reported to range between -0.98 and 0.13 by  Gogoi et al. (1985) and El-Arian (1986).  Most of the estimates, however, had high standard errors. The negative genetic association between these two traits suggested that decrease in age at first calving would significantly increase the milk yield.

Service period
The average first service period in Murrah buffaloes is 115 to 230 days with an overall average of 132 days (Kohli and Malik, 1960; Goswami and Kumar, 1968; Kanaujia et al., 1974; Johari and Bhat, 1979a; Reddy, 1980; Jain and Taneja, 1984).  The average first service period is 201 days in Nili-Ravi, 193 days in Bhadawari and 198 days in Egyptian buffaloes (Ragab et al., 1956; Sharma and Singh, 1978; Reddy and Taneja, 1984).  In general, the service period in Murrah buffaloes at well-organized farms is much lower than in other breeds. 

Significant farm and year/period differences for service period were reported by Kanaujia et al. (1974), Johari and Bhat (1979a), Reddy (1980) and Reddy and Taneja (1984). Reddy (1980) observed that average first service period was lower (132-142 days) in July to November calvers than in December to April calvers (203-239 days).  This suggested that buffaloes calving during December to April months should be carefully watched for heat in order to reduce the service period.

The heritability estimates for service period are, in general, low and range between 0.08 ± 0.06 and 0.22±0.28.  The phenotypic correlations between service period and milk yield are 0.16 and 0.55 (Kohli and Malik, 1960; Singh et al., 1958; Basu and Ghai, 1978; Reddy, 1980).  The positive and significant correlations suggest that higher milk yield is associated with longer service period.

Dry period

The averages of first dry period in Murrah buffaloes ranges from 153 to 217 (Jawarkar and Johar, 1974; Gurnani et al., 1976; Kanaujia, 1978; Reddy, 1980; Jain and Taneja, 1984) with an overall average of 160 days.  Chaudhary and Shaw (1965) reported much shorter first dry period of 98 days in Pakistan's Nili-Ravi buffaloes whereas longer dry period (202 days) for this breed was reported by Reddy and Taneja (1984).  Average dry period pooled over the lactations is 156.4 (Singh and Desai, 1962) in Bhadawari, 134.2 (Hadi, 1965) in Marathwada and 129.7 days (Kadu et al., 1978) in Nagpuri buffaloes.  In Egyptian buffaloes, it ranges from 200 (Alim, 1978) to 296 days (Alim and Ahmed, 1954).

The variation between farms, between years and between months influenced dry period significantly.  The average dry period for July to November calvers (145-180 days) is lower than for December to April (191-237 days) calvers (Reddy, 1980).

Jawarkar and Johar (1974) estimated the heritability of first four dry periods as 0.20, 0.01, 0.20 and 0.02, respectively, in Murrah.  In Egyptian buffaloes, Asker et al. (1953) estimated the heritability of dry period as 0.18.  Kumar (1984) reported the heritability estimate to be around  0.0 to 0.7.  Most of the estimates reported had high standard errors and suggested that the trait might be improved through management.
Calving interval

Reports on calving interval in the buffalo present very widely differing data. Except for a report from Italy in which an interval of less than 400 days is indicated most of the other reports give considerably longer intervals. Short calving intervals, as reported from Italy, possibly indicate a better plane of nutrition and management of the herds. There are some reports which indicate that those buffaloes which calve at an early age have a relatively shorter calving interval than those which are late calvers (Alim and Ahmed, 1954; Salerno, 1960). Seasonal difference in calving interval has been reported in Murrah buffaloes, and it has been observed that in the animals which calve between June and November the average interval is 428.7 days, but in buffaloes calving between December and May the interval is 507.1 days (Singh et al., 1958). 

The first calving interval in Murrah, Nili-Ravi and Egyptian buffaloes varies between 479 and 508 days (Alim, 1978; Johari and Bhat, 1979a; Reddy and Taneja, 1984).  The overall calving interval, however, is lower (430-457 days) than the first calving interval (Lall, 1975).  Patro and Bhat (1979b) reported a decline of about 95.2 days in calving interval from first to seventh lactation.  Basavaiah et al. (1983) reported the average first calving interval to be 583.3 days in Surti buffaloes.

Farms/years/periods have significant effects on calving interval (Basu and Ghai, 1978; Johari and Bhat, 1979a; Reddy, 1980; Kumar, 1984; Singh and Yadav, 1986).  Month/season of calving also influences this trait significantly (Gurnani et al., 1976; Basu et al., 1978; Reddy, 1980; Kumar, 1984; El-Arian, 1986; Singh and Yadav, 1986).

Most of the heritability estimates reported for this trait are low and non-significant.  The phenotypic correlations between first calving interval and first lacatation milk yield (300 days) range from 0.20 to 0.38 (Basu and Ghai, 1978; Basu et al., 1978; Reddy, 1980; Gupta, 1988).  These significant correlations suggested that buffaloes with higher lactation yield would have longer calving interval.  Such a phenotypic association was expected since prolonged calving was directly related to feeding, management and heat detection practices.With good management, it should be possible to produce a calf a year from a buffalo although two in three years is the norm.

Estimates by several workers of repeatability and heritability of calving interval in the buffalo suggest that the genetic component of this attribute is very small and hence selection for a shorter calving interval is not likely to be rewarding.

Twinning

Twin births in the buffalo have been reported from Egypt, Italy and India. The frequency of twin births in Indian buffaloes is considerably lower (0.06%) than those in Egypt (0.2 to 0.6%) and Italy (0.3%). Cockrill (1970), however, reported a high incidence of about 1% of twinning in Surti buffaloes at Anand in India. The relatively higher incidence of twinning at Anand is attributed by Cockrill to the practice followed in that area of giving two inseminations within the oestral period.

Artificial insemination

Artificial insemination (AI) has been used as a breeding tool  on a field scale so far only in a few buffalo-rearing countries. It has been practised on the largest scale in India where it is claimed that the first buffalo calf in the world bred by means of AI was born in the Allahabad Agricultural Institute on 21 August 1943.

The male buffalo can be trained more easily than male cattle for donating semen by artificial service. The buffalo is less choosy concerning the teaser and readily mounts an anoestrous female or even a male buffalo in the service crate. Coat colour or the physiological status of the female buffalo in the service crate does not alter the reaction time of the buffalo bull (Prabhu and Bhattacharya, 1954; Prabhu, 1956). The thrust given by male buffaloes during service is less vigorous than male cattle. As in the case of male cattle, collection in the artificial vagina is also the most convenient method of obtaining semen from the buffalo. However, temperature of the artificial vagina needs to be modified suitably. With the temperature of the artificial vagina reaching 41°C (105.8°F) there is bursting and breaking of buffalo spermatozoa, but a temperature of 39°C (102.2°F) causes no damage to the cells (Mahmoud, 1952). Although it is possible to collect semen from the buffalo by the massage technique, the animal is less responsive to this method of ejaculation than male cattle, and also requires a longer period for training. The semen collected by this method is relatively poorer in quality. The capillaries of the rectal wall are more fragile in the buffalo than in cattle and hence manipulation through the rectum while massaging must be done with great care as otherwise bleeding may result as a consequence of the breaking of the capillary vessels. Electro-ejaculation from the buffalo although successful is not likely to come into general use in the near future.

Morphological characteristics of the spermatozoa of the buffalo and cattle differ. MacGregor (1941) was possibly the first to report that the head of the buffalo spermatozoa is more rectangular than that of male cattle and that the stained portion of the head is also slightly narrower in the former species. According to Rao (1958) spermatozoa of the buffalo possess distinct morphological characteristics by which they can be readily differentiated from spermatozoa of other domestic animals. Comparative morphology of the spermatozoa of Egyptian buffaloes and indigenous cattle can be seen in Table -12.

The morphology of spermatozoa changes with the age of the buffalo (Venkataswami and Vedanayagam, 1962) and with ageing in different diluents.

Table -12. Comparative morphology of the spermatozoa of buffaloes and cattle

Spermatozoa measurements
Buffaloes
Cattle


Mean
SD
CV
Mean
SD
CV


()
()
(%)
()
()
(%)

Head length
7.436
0.442
5.9
9.126
1.326
14.5

Head breadth (anterior)
4.264
0.520
12.3
4.732
0.494
10.4

Head breadth (posterior)
3.172
0.442
14.0
2.730
0.520
19.4

Ratio head breadth (anterior)

to head breadth (posterior)
1.340
0.330
24.8
1.790
0.320
1.7

Neck
0.442
0.208
47.1
0.650
0.338
51.5

Length of middle-piece
11.648
0.936
7.9
12.558
0.624
4.9

Breadth of middle-piece
1.092
0.286
26.2
1.006
0.268
26.8

Length of tail
42.82
3.042
7.1
46.280
6.084
13.2

Source: Mahmoud (1952)

Unlike cattle semen which has a yellowish tinge, the semen from healthy buffalo bulls is milky  white or milky white with a light tinge of blue (Shukla and Bhattacharya, 1949; Mahmoud, 1952). Cattle semen gives a colour reaction of various shades with DOPA (3-4 dihydroxyphenylalanine) (Mukherjee, 1964), but such a reaction is not detected with buffalo semen.

Volume, sperm concentration, initial motility and speed of travel of spermatozoa are generally lower in buffalo than in cattle semen.

Compared to cattle spermatozoa, the spermatozoa of the buffalo have an inherently poorer metabolic activity as judged by O2 uptake and fructolysis. Variation in semen quality due to changes in the climate is also more pronounced in buffaloes than in cattle, as evidenced by changes in the respirometric activity of spermatozoa.

The depressing effect of the phosphate ion, and the stimulating effect of the chloride ion on the O2 uptake pattern, as can be found in cattle spermatozoa, are not observable in buffalo sperm cells. This would suggest that either the influence of certain ions like phosphate and chloride on aerobic metabolism of buffalo sperm cells is intrinsically different from that of their effect on cattle sperm, or that the seminal plasma of the buffalo has properties which in some way obliterate the specific effects of the chloride or phosphate ions on O2 utilizations in vitro (Sinha et al., 1966). The work of Roy et al. (1960) lends experimental support to the second hypothesis.

Roy et al. (1960), based on the comparative study on the semen biochemistry of buffalo and cattle (Table -13), observed that significantly higher concentration of calcium, esterified phosphate and the phosphate-splitting enzymes in buffalo semen create conditions that adversely influence the viability of spermatozoa in stored semen.

Table -13. Differences in some chemical attributes of buffalo and cattle semen

Constituent
Buffalo
Cattle
Statistical


(mg/100 l semen or seminal plasma)


Total reducing substances
700±52
769±42


Fructose
355±17
611±39
**

Calcium
40±2
25±5
**

Chloride
373±55
249±26
*

Inorganic phosphate
6.4±0.6
5.9±0.5


(6.3±0.4)
(5.6±0.4)

Acid-soluble phosphate
72±3.9
29±3.2
**


(64±2.2)
(27±2.9)
**

Total phosphorus
103±8.9
74±2.5
**


(95±7.2)
(42±4.8)
**

Acid phosphatase activity
308±44
145±11
**

  (Bodansky unit)
(307±41)
(167±11)
**

Alkaline phosphatase activity
252±37
134±14
*

  (Bodansky unit)
(266±42)
(152±18)
*

Note: Figures in parentheses indicate values in seminal plasma. *Significant at 5 per cent level. **Significant at 1 per cent level.

Source: Roy et al. (1960).

Several of the diluters, which proved very satisfactory for extension and storage of cattle semen, did not give as satisfactory results when used for buffalo semen. Egg-yolk phosphate buffer (EYP) has proved unsuitable for use with buffalo ejaculate. Egg-yolk citrate (EYC) is fairly satisfactory for dilution and storage of buffalo semen.

Kampschmidt’s glucose sodium bicarbonate egg-yolk extender (with or without addition of sulphamezathene), appeared to be satisfactory for AI of the buffalo. Higher fertility results have also been reported with the use of Kampschmidt’s diluent (Gokhale, 1958). Citric acid whey (CAW) is effective as diluent for storage of buffalo semen at refrigeration or deep-freezing temperatures. The spermatozoa in CAW are extremely sensitive to the pH of the diluent and sperm motility is maximal at pH 6.8.

Very satisfactory results have been reported from Pakistan with the use of homogenized milk as a diluent for buffalo semen.

Frozen semen technology

Deep freezing of buffalo semen is now the routine method of choice in many countries. Although efforts to deep-freeze buffalo spermatozoa by the conventional dry ice-alcohol method started as early as 1955, yet the real breakthrough came in 1973 when vapour freezing technique was used with good freezability and fertility of frozen semen (Roy and Bhat, 1973). Of the wide assortment of extenders tried later, in terms of post-thaw motility and fertility, Tris-yolk-glycerol was found to be most effective. This extender is prepared by first preparing buffer solution of the following chemical  ingredients :

Tris 30.48 gm, citric acid 17.00 gm, fructose 12.52 gm, dist. water 840.00 ml.

This buffer is mixed with yolk and glycerol in the following proportions:

Tris buffer (as above) 740 ml, egg yolk 200 ml, glycerol 60 ml, total 1,000 ml.

The optimum level of glycerol in the extender media appears to be 6.5 to 7.0% when used as the sole cryoprotective agent, but a lower level of glycerol is compatible with other cryoprotective agents like lactose or raffinose. The minimum cooling and equilibration time consistent with good freezability was about 6 hr. Because of sheer simplicity and convenience, the LN vapour freezing method has become most popular. 

Now-a-days 0.25 ml straws are used for freezing the semen. The sperm count is maintained at an optimum pre-freezing level of 40 to 45 million live sperms. The mini-straw freezing has a slight advantage over the medium straws in survival rates obtained after freezing.

In using EYL diluent, conventional pattern of freezing consists of dilution of semen in glycerol-free fraction first, cooling to 10 to 15oC, adding glycerol fraction in stages, then loading in straws, equilibrating for 4 to 5 hr and freezing. When frozen by this method buffalo semen in many instances cannot stand the addition of second fraction after cooling. To overcome this, citrate diluent containing lactose with 6.5 to 7% glycerol was used to dilute the semen just as in the case of tris diluent. Among the diluents described, tris diluent gave the best survival rate as compared with others. As such this diluent is being used both for chilled and frozen semen.

In buffalo frozen semen technology, one shortcoming is the absence of any critical study to determine the minimum number of sperms required per insemination dose for optimum fertility. The current dose of 50 × 106 total sperms or 20-25 × 106 motile sperms/straw/ampoule is more than double the minimum number of motile sperms required for successful conception in cattle. The inherent level of fertility of the bull also needs to be considered. Another important lacuna is the absence of any systematic information on storability of frozen semen and maintenance of fertilizing ability on long-term basis.

Rectovaginal technique is preferable for inseminating the female buffalo when suitably trained technicians are available; if not, speculum method may be used, with adequate sanitary precautions. It is generally accepted that the site of deposition of semen should be the same as in female cattle. The speed of travel of spermatozoa in the reproductive tract of Indian female buffaloes is about the same as that reported by Van Demark and Hays (1954) for female cattle. Spermatozoa reach the anterior third of the fallopian tubes in 3 minutes and 20 seconds following AI.

Conception rate

Information available on conception rate in buffaloes either by natural service or by AI is very limited. Furthermore, different workers have assessed conception rate following different methods under widely differing husbandry practices. Consequently, it is very difficult, if not impossible, to draw any definite general conclusions. Conception rates in Indian buffaloes vary from 50 to over 90%. The average number of inseminations required per conception is 1.56. Fertility is ascertained by rectal palpation and by calving results.

Number of services per conception: The average number of services per conception in Murrah buffaloes is 1.6 to 3.1 (Luktuke and Roy, 1964; Singh and Dutt, 1964; Basu et al., 1978). In Surti, the average number of services per conception is 1.67 (Shukla et al., 1970), and in Egyptian buffaloes 1.51 to 2.10 (Ragab et al., 1956; Ahmed and Tantawy, 1959). In general, heifers take more services than pluriparous buffaloes (Ragab et al., 1956; Rao et al., 1973; Basu et al., 1978).

Hafez (1953) found the average number of services required per conception in the buffalo to be 1.46. He also noticed that 55.6% of the animals conceived following the first service.

A conception rate of 72% was not uncommon in buffaloes bred by AI in Pakistan (Rife, 1959).

Embryo transfer technology

Successful superovulation in cattle was reported in 1940 and the first calf produced as a result of egg transfer was born in Wisconsin in 1951. Research on embryo transplantation in buffaloes is a fairly recent development. The initial success of Drost et al. (1983) in the USA, who pioneered application of the technology to buffaloes, was soon followed with successful birth of buffalo calves in Bulgaria (Vlakhov et al., 1985) and India (Misra et al., 1988; Madan et al., 1989). Studies on superovulation among buffaloes have also been carried out in Thailand (Thungtanawat et al., 1981; Chantaraprateep et al., 1989a, b; Techakumphu et al., 1989; Venitkul 1989), Bulgaria (Karaivonov et al., 1987; Alexiev, 1989), Malaysia (Jainudeen, 1989), Pakistan (Mehmood et al., 1989) and India (Madan et al., 1990; Taneja et al., 1990; Misra et al., 1990, 1991; Singla et al., 1992). The first buffalo calf by this method was born on 22nd December in 1987. Knowledge about reproductive physiology of buffaloes is scanty. Embryo transfer can be instrumental in opening ways for more accurate understanding of numerous unknown aspects of reproduction. Information on superovulation response, recovery rate of embryos and their quality vis-a-vis the endocrine picture of both superovulated and normal cyclic animals needs to be gained for better understanding of buffalo production.

The intricate factors responsible for biological peculiarities of buffaloes are manifold. The lower reproductive potentiality of buffaloes can be confirmed from the very stock of primordial follicles in the ovaries. The average number of primordial follicles is 19,000 in Nili-Ravi buffaloes and 12,000 in Surti buffaloes. These values are much lower than those for cattle (60,000 to 100,000) and reflect the lower reproductive potentiality of buffaloes.

Two types of gonadotrophins have commonly been used to suprerovulate donor buffaloes. These are pregnant mare serum gonadotrophin (PMSG) and follicle-stimulating hormone (FSH), usually administered during the mid-luteal phase (9-14 days) of the oestrous cycle. The most common method of superovulation is the injection of a single dose of PMSG (3,000 IU) during the mid-luteal phase of the oestrous cycle followed 48 hours later by a leutolytic dose of PG 2 (500 µg). Follicle-stimulating hormone and prostaglandins are used to superovulate buffaloes according to treatment regimens developed for cattle. To obtain greater superovulatory response, doses of FSH ranging from 40 to 70 mg have been used as two injections in a day. The percentage of donors exhibiting oestrus was high (about 80%) in both PMSG and FSH groups. But the prostaglandin standing heat intervals established in the PMSG-treated group was significantly longer than in the FSH-treated group. The percentage of non-ovulated follicles following PMSG treatment was considerably high. The average number of good-quality  embryos per buffalo donor was not high on either PMSG or FSH treatment. A good response always depends upon a good CL and an optimum level of progesterone at the beginning of the treatment. In buffaloes the picture is different because of the absence of prominent luteal tissue. This problem can be mitigated by implantation of artificial CL like Synchromate B before initiation of treatment. Priming of ovarian tissue at an early stage of the cycle by FSH may resolve the rate of response by recruitment of a greater proportion of follicles that become atretic at the end of the first follicular wave.

It is difficult to determine the exact number of corpora lutea on the small ovaries of buffaloes, particularly when it exceeds 5 or 6, or when they are accompanied by several large tense follicles, leading to overestimation of response. Moreover, in buffaloes the CL is small, more deeply embedded and fused; it generally has a less pronounced papilla. So far the results of embryo recovery from buffaloes has been frustrating. This may be attributed to several factors. Overstimulation of ovaries can lead to a failure of the fimbriae to envelop the ovary at the time of ovulation. The problem of fluid recovery (20 to 60%) may be due to more tortuous nature of the cornua.

There has been a steady progress in terms of superovulatory responses, embryo recovery and pregnancy rate following embryo transfer among buffaloes. From the early recovery rate of 0.6 transferable embryos currently 2.0-2.4 transferable embryos are recoverable in different farms with altered superovulation protocols. Folltropin and super-ov among many compounds have comparatively given better results both in terms of follicles developed and ovulated, and embryos recovered. The lower number of follicular population and poor follicular development, as revealed through real time ultrasound scanning, explains the lower ovulatory response. The growth rate of the largest follicle and time of ovulation post-PGF have also shown great variability in animals. Endocrine studies suggest that unovulated follicles contribute massive quantities of estrogen along with progesterone. High prolactin levels in buffaloes during summer months are also associated with poor follicular maturation. In spite of some problems related to buffalo embryo transfer, the basic embryo transfer technique has been adopted with success resulting in over 1,000 pregnancies/calves.

Buffalo embryo transfer is difficult because of different physiology and anatomy of this species, viz. the total number of follicles in the ovary, superovulatory response, behavioral oestrus, development of the embryo and coiled uterine horns. This technology has to be made effective in buffalo, by undertaking more intensive studies on freezing, microsurgery of embryos, oocyte culture and in-vitro fertilization.

Embryo transfer is often viewed as counterpart of artificial insemination, where a superior animal, i.e. a donor, is superovulated; more than one embryo at a time can be recovered and transplanted into recipient females to increase the progeny number per female. The technique of AI has made it possible to increase the utility of males. It has also become possible to increase the influence of the genetically superior females by the use of embryo transfer. Introduction of a multiple ovulation and embryo transfer (MOET) scheme (Bhat 1977, 1985) will increase the selection intensity through increased progeny per buffalo per annum in the herd.

MOET scheme allows progeny testing of both males and females, and can increase the genetic gain per annum, over what is possible by artificial insemination alone. More sires can be tested within a short period and at low cost by using the semen of the male to be tested on a few donors and transferring the embryos recovered to the required number of recipients.

In-vitro fertilization of buffalo oocytes

In order to bypass the problem of low embryo production rate, in-vitro fertilization technique has been developed. A method was developed for ovaries obtained from slaughterhouse. The recovery rate of good cumclus-complexes oocytes was 0.42. Only 40% of oocytes reached metaphase which is the maturation stage of the oocytes.

In-vitro capacitation of buffalo spermatozoa was done by exposure to heparin for at least 7 hr for maximal response in fertilization.

All mature oocytes with an expanded cumulus mass were introduced into 100 µ1 droplets of capacitated spermatozoa suspension for 6 hr in CO2 incubator at 38.5oC.

Initial experiments on the fertilization showed that out of 131 mature oocytes kept for fertilization only 29.8% were fertilized. Only 0.76% reached up to the morula stage and 1.52% up to blastocyst stage. Most of the oocytes were arrested at pronuclei formation stage (11.45%). After making modifications in the technique it was possible to increase the fertilization and cleavage rates. Out of 174 mature oocytes about 55% oocytes were fertilized, 2.87% were at morula stage and 0.57% at blastocyst stage. The technique was further improved and about 80% oocytes were fertilized. Out of 185 mature oocytes, 14.6% reached morula stage and 8.10%  blastocyst stage.

IVF embryo transfer

Twenty-two IVM/IVF embryos at the stage of morula/blastocyst were transferred to the receipients. Out of these, 6 pregnancies were confirmed and two calves have already been born including ‘‘Pratham’’, the world’s first in-vitro fertilized buffalo calf.
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Fig. - 24. First IVF calf (NDRI)

8. Nutrition
The vast majority of buffaloes are reared  in regions of the globe that are poorly developed and are owned by farmers with hardly any capacity for financial investment. In the regions where buffaloes abound there is considerable quantitative deficiency of feeds and fodders, and available foodstuffs are possibly qualitatively deficient. In this situation it becomes very necessary to search for non-conventional materials that can be utilized as feeds to make good the quantitative deficiency and to evolve processes by which qualitative deficiencies of feeds can be rectified.

One basis for progress in livestock development is research, as this provides the necessary data for the formulation of effective developmental programmes. In order to prepare such a programme concerned with the nutrition of the buffalo and to ensure the supply of the optimal nutritional requirements of buffaloes of different ages and levels of production in different regions, two things are absolutely necessary— information on the nutritional composition of the locally available feeds and fodders and knowledge of the alimentary physiology of the buffalo. As the nutritional physiology of cattle has been investigated in great detail, and as cattle and buffaloes are similar in many respects, it would be profitable to know if their alimentary physiology differs and, if so, in what details. Unfortunately, in many of the buffalo-rearing countries the organizational base for research in animal nutrition is weak and inadequate. As a result, very large gaps exist at present in knowledge relating to different aspects of nutrition of buffaloes.

There has been a great scientific interest in studying the comparative performance in the utilization of nutrients in cattle and buffaloes, specially when there are distinct physiological differences between the two species in : (i) rumen movements, (ii) fluid volume in rumen, (iii) the rate of passage of digesta etc.

voluntary intake of dry matter
Buffaloes consume 73.1 to 116.9% of dry matter consumed by cattle. Factors like various experimental treatments, composition of feed, frequency of feeding as well as processing of feeds are responsible for these differences. In lactating buffaloes (Sebastian et al., 1970) consumption is 14% less than in lactating cattle.

Comparative digestibility coefficients
Buffaloes are superior to cattle in their ability to digest the organic nutrients. Generally buffaloes digest 2 to 5% more of each nutrient than cattle. In majority of the studies, however, the difference of 2 to 5% in the digestibility between species were not statistically significant (Chaturvedi et al., 1973).

Fluid volume in rumen
Various in vitro experiments conducted with rumen liquor showed the superiority of buffaloes over cattle in utilizing cellulose (Ichhponani et al., 1971a) and other cell-wall constituents. Cellulose digestion was faster when filter-paper was incubated with rumen liquor of buffalo than incubated with rumen liquor of cattle, showing thereby more cellulolytic activity of the rumen. This led many workers to conclude that buffaloes are capable of utilizing inferior quality roughages in a better way than cattle. The difference in the digestibility between the species was observed in all categories of animals such as growing, non-producing adult and lactating animals. Consumption of lesser quantity of dry matter by buffaloes when compared to cattle might be responsible or the slightly higher digestibility observed in buffaloes (Grant et al., 1974). The slower rate of passage of food through the reticulo-rumen of buffaloes was also attributed to be one of the reasons for higher digestibility of crude fibre in buffaloes since this mechanism would provide for better and longer exposure of the ingesta to microbial digestion in the rumen.

The concentration of TVFA, NH3 and bacterial N is higher in buffalo rumen liquor than in cattle rumen liquor (Ichhponani et al., 1971a). It is however difficult to conclude the superiority of species from the mere knowledge of the concentration of metabolites in rumen liquor since the concentration at any time depends upon balance between production and removal. The removal may either be through absorption, onward passage to omasum or mutual use of metabolites by various species of rumen micro-organisms. It is therefore necessary that care is taken while interpreting the results of the concentration of rumen metabolites, since slower rate of passage of the ingesta in buffalo might be responsible for higher concentration of VFA, bacterial N or ammonia N, etc. The higher concentration of certain electrolytes in the rumen liquor of buffaloes such as potassium and calcium (Prasad and Raghavan, 1973) might also be due to the same reasons.

The basic physiological difference in the flow rate of ingesta might also alter the rumen environment so as to influence the utilization of the food. For example, blood urea concentration of the growing buffalo calves below two years of age was almost twice (Mehra et al., 1976) that of the cow calves. Higher blood urea was parallel to higher ruminal ammonia concentration in rumen of buffaloes. Higher ammonia level was either due to low rate of passage of ingesta or higher proteolytic activity of microbes. NH3 concentration in cattle and buffaloes has always been more than 11 mg per 100 ml of SRL. It was suggested that higher blood urea concentration in buffaloes can be effectively recycled and used in times of deficit, though this has never been confirmed experimentally. One significant difference between species is a narrower ratio of acetate to propionate in rumen liquor of buffaloes than in cattle (Ichhponani and Sidhu, 1965 a and b; Singh and Ranhotra, 1970). This difference may be due to differences in the rate of passage, since actual production rates of propionate were lower or equal to that in cattle. Apart from the concentration of these metabolites the actual production rates of VFA determined by using isotope dilution techniques (Chaturvedi et al., 1973) did not reveal any significant difference between species.

Buffaloes are superior to cattle in N retention (Sebastian et al., 1970). When the intake of N is approximately the same in both the species, buffaloes show better retention of N than cattle. The reason for this is not obvious, since the digestibility of CP in many instances is only slightly higher in buffaloes. The higher balance of nitrogen has not been reflected in the higher growth rate in the buffaloes. This higher nitrogen balance may perhaps be due to the inherent capacity of buffaloes to hold more of NPN in their blood.

Rumen fermentation in buffaloes
The salient species variations between the fermentation processes of buffalo and cattle were investigated in the early stages (Ichhponani et al., 1962; Singh et al., 1968). Total volatile fatty acid concentration in rumen of buffaloes was significantly greater than of cattle on rations containing berseeem + wheat straw + concentrate (Ichhponani and Sidhu, 1965a) and green pearlmillet and cowpea mixture (Ichhponani  and Sidhu, 1965b). The buffalo rumen ecosystem was favourable for the establishment of significantly higher number of microiodophils (including Oscillospira guillermondi) than that of cattle (Langar et al., 1968) and such types of micro-organisms have been considered as protein synthesizers from NPN. Confirmation of this variation in the rumen ecosystem was obtained by transferring buffalo digesta, rich in Oscillospira, into the emptied cattle rumen and vice-versa (Singh et al., 1968).

In vivo rumen metabolism studies using straw-green fodder mix based roughages showed that the buffalo rumen liquor had high-protein synthesizing activity and total and individual volatile fatty acid concentration than that of cattle. Better utilization of crop residues and NPN by buffalo was confirmed by feeding straw, supplemented with an isocaloric concentrate mixture having 0, 17, 35 and 50% DCP substituted by urea-N (Langar et al., 1984). The nitrogen fractions of strained rumen liquor (SRL) showed significant differences (P > 0.05) in the protein-synthesizing activities and microbial counts of buffalo and cattle (Table -14). The cellulose and acid detergent fibre (ADF) digestibilities were also significantly higher in buffaloes than in cattle.

Table -14. Differential microbial counts in strained rumen liquor, rumen volume and nitrogen retention

Treatment-Urea replacing DCP of T1(%)

Species
ControlT1
17T2
35T3
50T4
Mean

8

Oscillospira ( × 10/litre)

Buffalo
84.20
74.80
63.90
117.74
85.20

Cattle
5.26
4.52
5.57
6.82
5.54

Other Microiodophils (× 10/litre)

Buffalo
270.7
258.20
265.80
287.20
270.50

Cattle
220.3
234.60
221.60
223.30
225.00

Protozoa (× 10/litre)

Buffalo
9.90
11.80
12.70
13.80
12.10

Cattle
8.54
7.43
7.38
6.21
7.39


Trichloroacetic acid precipitable-N(mg/100ml SRL)

Buffalo
17.10
14.90
16.30
14.40
15.70

Cattle
15.00
11.90
12.10
13.30
13.10

Rumen fluid volume (litres)

Buffalo
36.40
33.40
32.40
34.20
34.10

Cattle
23.50
21.30
17.80
16.50
19.80

Nitrogen retained (g/day)

Buffalo
23.80
16.90
14.60
0.38
13.73

Cattle
15.00
6.48

10.43
-6.98
6.22

Main roughage : Wheat straw

Source 1. Langar et al. (1968) 2. Langar et al. (1984).
The amino acid profile of the bacterial and protozoal fractions separated from the strained rumen liquor showed quantitative differences in the proline, phenylalanine, diaminopimelic acid, cystine and methionine contents in the fractions collected from buffaloes and cattle. The buffalo protozoal fraction had also higher tyrosine content. With the increased urea intake, the sulphur amino acids content in the microbial fraction showed a decline. It suggested that NPN feeding affected the sulphur level of ration thereby limiting the methionine-cystine synthesis by the rumen micro-organisms (Multani and Ahuja, 1985). In the late seventies and early eighties a series of in vitro and in vivo experiments were conducted to compare the production of biochemical entities in the rumen (Ichhponani et al., 1969a, 1972) and the utilization of nutrients (Ichhponani et al., 1969b, 1971a,b,c,) in buffalo and cattle. A comprehensive review (Ichhponani et al., 1977) of the results of these studies established that buffalo was superior to cattle in many aspects like rumen fermentation pattern based on the type of micro-organisms, and in the digestion and utilization of various carbohydrate sources, from simple starch to very complex cellulosic materials.

One major observation which has immediate field application relates to studies on the effect of diets on microbial population and rumen metabolites in buffaloes. It revealed that the diet comprising wheat straw, green fodder, concentrates and mineral mixture sustained highest population of rumen bacteria and protozoa (Salim Iqbal et al., 1992). Concentration of total volatile fatty acids, ammonia nitrogen and amino nitrogen attained their peak levels within 2 to 4 hr post-prandial period indicating optimal microbial activity in the rumen, whereas the diet containing only wheat straw exhibited least protozoal and bacterial count, decreased rumen metabolites and complete vanishing of Epidenia (Singh et al., 1992). This could be attributed to differences in the protein : carbohydrate ratio and mineral supplementation. Wheat straw and green fodder diet showed highest percentage of Holotrichs and maximum concentration of free amino acids in the rumen liquor. Dietary differences had concentration of free amino acids in the rumen liquor. Dietary differences had highly significant effect on the population of rumen micro-organisms and percentage of Holotrichs, Entodinia, Diplodinia and Epidinia (Singh et al., 1992).

The concentrations of iron, zinc, copper, cobalt and manganese were significantly higher in blood plasma, cerebrospinal fluid (CSF) and rumen fluids (RF) when animals were fed diet consisting of wheat straw, green fodder and concentrate. These elements were at low levels when wheat straw only was fed. Dietary differences had significant effect on the levels of trace elements. There was a positive correlation between blood and CSF. Interrelationship of these elements in the body fluids under different feeding regimens was highly correlated. A decreasing trend of trace elements in CSF revealed quadratic relationship with blood and plasma (Singh et al., 1990).

Buffaloes thrive better than cattle on coarse fodders. This has given an impression that buffaloes are more efficient than cattle in digesting and utilizing crude fibre and cellulose. The present status of knowledge of the comparative alimentary physiology of the buffalo and cattle indicates that the differences exist but it is not  possible to draw any definite conclusions as to whether one species differs from the other in any material manner in relation to digestion and utilization of nutrients in commonly used feeds and fodders, or if one species is superior to the other in digestive and metabolic functions.

On the basis of rumen studies, investigations were centered on the urea/uromol utilization, determination of energy values of forages, and energy and protein requirements of buffaloes. Urea/uromol utilization : Experiments conducted on urea utilization with crop-residues as basal roughage showed that buffalo could tolerate higher levels of dietary urea than cattle (Kaushal et al., 1972; Malik and Chopra, 1980). In spite of high capacity for dietary urea intake, chances of accidental ammonia toxicity were eliminated by developing a cooked urea-molasses complex named uromol (1:9 urea-molasses) reported first in 1974. This complex has above 50% bound area and a slow rate of in-vitro release of ammonia (Chopra et al., 1974). In vivo studies (Malik et al., 1978a) showed slow rumen degradation of uromol in the rumen, thereby resulting in a steady ammonia concentration for better microbial protein synthesis and fibrolytic activity on crop residues.

Comparative rumen metabolism, growth and lactation studies on buffaloes with concentrate supplements having groundnut-cake (GNC), uromol or urea-molasses at iso-nitrogenous levels showed that  uromol was as good as GNC (Malik et al., 1978a,b). Use of uromol up to 65% of the total N in a concentrate supplement fed with straw resulted in higher CF and cellulose digestibilities and N-retention than that with urea-molasses. The steady release of rumen ammonia with uromol ration resulted in better synchronization on microbial protein synthesis and the nitrogen outflow, and the post-rumen availability of N was 95-93% of intake with GNC and uromol ration as compared to only 78% observed from urea-molasses ration (Malik et al., 1978a; Malik and Chopra, 1978).

Feeding isonitrogenous levels of GNC or uromol-containing concentrate supplements resulted in comparable daily weight gains in buffalo calves as compared to low gains observed with urea-molasses (Malik et al., 1978b). Feeding uromol-containing concentrate supplement for 120 days to lactating buffaloes (Malik and Chopra, 1977) did not have any adverse effect. A long-term study continued for two lactations with intervening dry pregnant periods revealed that as compared to GNC or uromol-fed group, the buffaloes fed on urea-molasses had high plasma urea, weight loss and drop in milk yield in the second lactation (Langar et al., 1982). These results showed that urea fed alone or with molasses was inferior as compared to processed urea fed as uromol.

The problem of low shelf life of cold uromol and its subsequent mixing with other feed ingredients was overcome by developing uromol-bran product (Malik and Makkar, 1979). This product prepared by using urea, molasses and bran in the ratio of 1:3:5 had 36% digestible crude protein (DCP) and 72% total digestible nutrients (TDN) and could substitute (w/w) oilcakes in a concentrate supplement. Based on these results the recommendations regarding feeding of this product to buffaloes are : (i) uromol-bran mixture should form 15% of the concentrate ration (replacing 50% of the cake portion) for fast-growing (above 6 months of age) and high-milk-yielding buffaloes (peak yield 15 kg and above); and (ii) for slow-growing and low-milk-yielding (peak yield 8-10 kg) animals uromol-bran mixture can form 30% of the concentrate supplement (replacing 100% cake).

Uromol-impregnated wheat straw (UIWS) as maintenance ration with 0.5 kg concentrate mixture could form maintenance ration for a mature buffalo (Kakkar et al., 1983).

Uromin lick : The advantage of solidification of uromol on cooling was taken for developing a uromin lick. This lick comprises 400 g urea, 1,200 g molasses (boiled for 30 minutes), 600 g mineral mixture, 400 g salt, 600 g starch or maida, 400 g deoiled groundnut-cake and 400 g deoiled rice bran, mixed thoroughly and pressed to form a brick of about 4 kg; 2% bentonite is added as binder. This brick can be kept in the feeding trough for licking. A growing calf licks about 0.5 kg of this brick daily and this provided a part of the crude protein and almost whole of the mineral requirements of the animals (Ahuja et al., 1986; Makkar et al., 1989).

Leucaena lick : A lick containing leucaena leaves (40%) has also been developed (Gupta and Malik, 1990) with the difference that it did not contain any conventional feed ingredients other than molasses. The composition of this lick on per cent basis is: urea 10, molasses 35, mineral mixture 14, leucaena leaf-meal 40 and acetic acid 1. These licks have been used in the Kandi area of Punjab in India and other such places where concentrates and good-quality green fodders are in short supply.

Use of protected proteins : Ruminants in general obtain uniform quality of protein after microbial synthesis inside the rumen (Malik and Chopra, 1981). This microbial protein at the time of peak production, sometimes limits the availability of energy and/or protein. To overcome this situation, protected or bypass proteins have been recommended. One of the methods used is 1% formaldehyde treatment of vegetable proteins or other proteins which after treatment can escape microbial degradation and will be directly available to the animal. Ration formulations containing formaldehyde-treated GNC gave above 500 g daily weight gain in buffaloes (Malik et al., 1981). The use of higher level of formaldehyde or keeping the treated cake for longer period resulted in the over-treatment of protein. This caused nitrogen starvation in the rumen of buffaloes. Addition of 1 to 2% urea, mixed in concentrate mixture helped to increase rumen microbial population and ultimately improved cellulose digestion. Table -15 shows the effect of adding urea on formaldehyde-treated cake-based ration.

Protein requirements : The protein requirement of growing buffalo calves for achieving a daily weight gain of 500 g is given in Table -16 (Kakkar et al., 1991). Buffalo calves weighing 100 to 300 kg required marginally lesser protein than that recommended by Kearl (1982).

Table -15. Weight attained and live weight gain in periods I and II of formaldehyde treatment



Period I


Period II



Groups
Total wt. 

Daily wt.
Total wt.

Daily wt. 


gain (kg)

gain (g)
gain (kg)

gain (g)

GNC
73.3
479
75.7
501

TGNC
97.5
637
79.3
525

TGNCU
76.5
500
85.0
566

GNC = Groundnut cake, control Group; TGNC = GNC treated with formaldehyde (1% formaldehyde treatment in period I and with 2% in period II); TGNCU = Formaldehyde treated GNC + Urea

Source : Malik et al. (1983)

Table -16. Estimated DCP and CP requirements of buffalo calves

Body wt

DCP requirement (g/day)

CP requirement

of calves (kg)
Kearl (1982)

Estimated
(g/day)

100
254
234
344

150
319
293
430

200
341
314
462

250
374
344
506

300
402
370
525

Source : Kakkar et al. (1991)

Processing of crop residues
Cereal crop residues alone cannot meet the maintenance requirements of the animal because of high lignification, low nitrogen and mineral contents. Several physico-chemical and biological pre-processes have been tried and tested on buffaloes for upgrading the nutritive value of crop residues.

Physico-chemical treatments : Wheat straw or bagasse (sugarcane residue after extraction) after treatment with (w/w) 2 and 5% sodium hydroxide, when fed with uromol as N source results in increased availability of metabolizable energy (ME). But for meeting the total ME requirement for maintence of adult buffaloes (400-500 kg weight), per day 600 g of cereal or cereal by-product supplement is required with untreated straw-uromol ration. Processing using pure alkali is however uneconomical. An alkaline (0.8 to 1.0% alkalinity) keir boiling waste (KBW) affluent from textile industry when used for treating cereal crop residues (3 litres/kg crop residue) improved the digestibility of treated material to the same extent as by treating with 3.0 (w/w) sodium hydroxide (Nagra and Langar, 1984).

Natural fermentation : Fermenting straw only or stover (96.5%) with urea (3.5%) at 70% moisture could provide upgraded straw for animal feeding only in a 9-day period as compared to 30-day period used earlier. Further, using the fresh, naturally fermented material as inoculum in the subsequent batches hastened the process to provide upgraded straw preparation within 6 days only (Gupta et al., 1984). Experiments on the 9-day natural fermentation when carried out with 40, 50, 60 and 70% moisture level, showed that 40% moisture level provided the straw preparation with nutritive value close to that available with 70% moisture (Bakshi et al., 1987). These fermented straws provided enough nutrients for maintenance of buffalo calves.

Evaluation of Agro-industrial By-products

A large number of agro-industrial by-products have been evaluated as an alternate source of feed in buffaloes. Some of these by-products can be used with relative ease by the farmers themselves; whereas others have to be processed before use. The latter  involves biotechnological approach to (i) degredation of plant cell-wall in crop residues with particular focus on lignocellulose breakdown using recombinant microbes to simple sugars; and (ii) detoxification of growth depressants, antimetabolites and incriminating toxins from oil-cakes, oil-meals and other seed products after deoiling.

Some of the technologies which are currently in use are given below:
Corn steep fluid : This is a by-product of starch industry. It has 40% CP and 23% soluble sugars. Compared to urea, corn steep fluid as nitrogen source in buffalo rations gives better rumen microbial protein yields (Virk et al., 1981).

Spent brewers’ grain : The fresh product from brewery has 75% moisture and on dry matter basis contains 18.8% CP, 14.6% DCP and 54.6% TDN. The dried brewers’ grain can replace 50% concentrate supplement requirement of growing and milking buffaloes (Virk et al., 1981).

Potato waste : There is about 7% wastage when the potatoes are stored in cold stores. These discarded potatoes can be used as alternate energy source in the rations of buffalo calves (Makkar et al., 1984). The waste potatoes can be fed as such after chopping or with urea as a source of N. Potato waste contains 13% CP on dry matter basis.

Poultry excreta : Poultry droppings on wheat-straw-based poultry litter can be used in buffalo ration after processing (Malik et al.,1980; Ahuja et al., 1983). In a long-term experiment on buffalo heifers, poultry excreta with wheat straw was mixed at 27 and 37% levels in the concentrate mixtures after grinding. A groundnut-cake-based ration was used as control. In poultry litter ration, energy intake was made good by additional feeding of concentrates. The experiment was continued till the heifers conceived. There was no adverse effect of feeding poultry-litter-based rations, digestibility and N retention were similar to those of control group (Malik et al., 1980).

Rumen fermentation pattern and nutrient requirements of buffaloes are not the same as those of cattle. The buffalo is a better converter of NPN compounds into protein and in the digestion of crude fibre. Adoption for the buffalo of the feeding standards as recommended by the National Research Council of the United States or the Agricultural Research Council of the United Kingdom for cattle appears to be a good base to follow, and a modified standard based on the research results be adjusted whenever considered appropriate.

9. Production
Work
The buffalo has been used as a work animal for thousands of years. Its body build, enormous strength, docile temperament, amenability for easy training and capacity for long sustained work makes it an excellent animal for haulage and many kinds of agricultural work. The water buffalo is the classic work animal of Asia, an integral part of this continent’s traditional village farming structure. Probably the most adaptable and versatile of all work animals, it is widely used to plough, level land, plant crops, puddle rice fields, cultivate field crops, pump water, haul carts, sleds and shallow draft boats, carry people, thresh grain, press sugarcane, haul logs, and much more. Even today, water buffaloes provide 20-30% of the farm power in South China, Thailand, Indonesia, Malaysia, the Philippines, and Indochina. Millions of peasants in the Far East, Middle East and Near East maintain draught buffaloes. For them it is often the only method of farming food crops. As fuel becomes scarce and expensive in these countries, the buffalo is being used more frequently as a draught animal. In 1979 water buffalo prices soared in rural Thailand because of the increased demand.

Although Asian farms have been increasingly mechanized in the last 20 years, it has often proved difficult to persuade the farmer to replace his buffalo with a tractor since the buffalo produces free fertilizer and does not require diesel fuel. Now there is renewed official interest in draught power. Because of demand for work animals buffalo shortages have become a national development problem. Indonesia’s transmigration schemes are also handicapped by shortages of animal power. For many small farmers the buffalo represents capital. It is often the major investment they have. Buffalo energy increases their productivity and allows them to diversify. Even small farms have work animals that, like the farmer himself, subsist off the farm. Tractors usually require at least four hectares for economical operation, which precludes their use on most peasant farms. Further, the infrastructure to maintain machinery is often not readily available.

The working buffaloes are slower in movement in comparison to oxen; they usually cover 3.2 km per hour against 4.8 to 6.4 km per hour by draught bullocks. However, the buffaloes can draw heavier loads than oxen (Fahimuddin, 1975). Liu (1978) and Nagpaul et al. (1984) studied the draught efficiency of crossbred vis-a-vis zebu and buffalo bullocks for various farm operations like carting and ploughing. The pulse rate, temperature and respiration rate increased steadily after the start of work in all the categories of bullocks. The buffalo bullocks started showing signs of fatigue after two hours of work, whereas zebu and crossbred bullocks did not exhibit these symptoms even after 4 hours of work. Season had a significant effect on rate of increase in temperature, pulse rate and respiration rate in these categories of bullocks. It was observed that buffalo bullocks during summer months covered a distance of 2,193 m in one hour of carting as against 2,682 m per hour by crossbred bullocks. In winter, buffalo bullocks covered only 2,768 m per hour as against 2,645 m by crossbreds. It is essential that draught capacity of various breeds of river and swamp buffaloes used for milk should be investigated. The improvement or otherwise in draught capacity as a consequence of selection for milk also needs to be investigated.
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Fig. 26. Buffalo bullock drawing water
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Fig. 27. Buffalo bullock being used for cultivation
A survey by Cockrill (1968) revealed that in more than a score of Asian countries buffaloes provide the most efficient and the cheapest source of power. Both swamp and river buffaloes make good work animals, but for paddy cultivation in the rice-growing areas in eastern Asia the swamp buffalo is unmatched for efficiency. They are used for ploughing the soil, for puddling the earth and harrowing the fields after flooding and for making the bed ready for planting the rice seedlings. The large hooves and great flexibility of the pastern and fetlock joints enable the swamp buffalo to work with ease in thick, muddy, water-logged paddy fields. Their productivity also makes them very well adapted for this kind of work in slush and mud. It is a common sight to find the buffalo working contentedly and with ease in knee-deep, muddy water in rice fields. Although possessing a massive body frame and large hooves, buffaloes are quite nimble-footed and work with ease in very small plots without damaging the low mud walls, called ‘bunds’, forming partitions between the plots. Apart from ploughing and harrowing, buffaloes are used for many other types of work such as threshing, drawing water for irrigation, expressing oil from oilseeds or juice from sugarecane in sugar mills, puddling clay for preparing bricks, logging and haulage of loads on sledges or carts. In Pakistan and Sabah, buffaloes are widely used as pack animals and for riding. Buffaloes play a role even in races and games in Indonesia and Sabah.

In northern India buffalo has replaced bullocks for haulage of sugarcane from the fields to the factory. Its introduction into Latin American countries was motivated by their relative ease of haulage of sugarcane to the factories.

Although the majority of working animals are males, female buffaloes, dry or with a poor milk yield, are also sometimes put to work. This practice is not uncommon in Egypt, parts of Indonesia and the Philippines. For drawing heavy loads buffaloes are hitched singly or in pairs to crudely built wooden carts. They are used extensively for this purpose in India, Pakistan, Indonesia and other countries, particularly in and around urban areas. On good roads, it is not unusual to find a pair of buffaloes drawing a load of about 2 mt (2.02 tons) at a slow pace of 3.2 km an hour. As buffaloes are incapable of working for long on hot days when they are exposed to direct sunlight during the hot summer they need to be put to work at night or in the early morning. As work animals male buffaloes are used both castrated or uncastrated. The practice varies from country to country, following local beliefs and customs. In India and Pakistan castration is not the usual practice and uncastrated animals seldom, if ever, become intractable. Castration, if carried out, is done at a late age as early castration is believed to produce a poor working animal. Docility and mild manner make the buffalo so easy to manage at work that in many instances no restrictive controls are necessary. Whips or chains are seldom used to drive the animal.


For working on hard ground, hooves of buffaloes need protection against excessive wear by shoeing. Thin iron plates are used in India and Pakistan. Shoes made of straw and ‘trompas’ - shoes made from old motor tyres - are used for this purpose in Taiwan and East Java respectively (Cockrill, 1968). Milk production

As a dairy animal the buffalo is found at its best in India, Pakistan, Egypt and Iraq. Even though milking buffaloes constitute only about 40% of the total milking bovine stock in India, it is they and not the cow that form the principal dairy animal contributing 56% of total milk. The buffalo in India yields on an average 1,041 kg of milk per year as compared with an average yield of only 631 kg by cattle. Milk yield varies widely, depending on the breed and husbandry practices. Daily milk yield of a lactating buffalo in India and Pakistan may be as low as 2.5 kg in a poor village animal and as high as 20 kg or more for a good buffalo on a well-managed farmstead. The average yield from five selected herds in India was found to be a little over 2,055 kg per lactation. In another high-yielding buffalo herd 2.7 % of the lactating buffaloes gave a yield exceeding 3,630 kg of milk per lactation. According to Rife (1959) four well-managed farms in Pakistan showed an average yield of over 1,860 kg per lactation (range 1,507 to 2,128 kg). In Egypt the average milk yield is lower. Buffaloes maintained on government farms and research  stations show an average milk yield of 1,814 kg or less per lactation (range 226 to 3,856 kg) (Ragab et al., 1954). The Marsh Arabs of southern Iraq rear their buffaloes with great care but under conditions unendurable to most livestock breeders. Even under these circumstances, an average yield of 6 kg of milk for more than 200 days is not unusual. In the author's opinion these buffalos are potential high yielders and their performance can match those of good milk breed buffaloes in other countries.

Attention has not been given so far to developing milk characteristics in swamp buffaloes, which have an incredible capacity for work. Yet in the Philippines, where working swamp buffalo are milked, a yield of 2 to 3 kg a day is common. Caucasian buffaloes, a new breed developed in Russia, yield on an average 1,352 kg of milk containing 8.1% fat in 300 days (Agabeili et al., 1971).

The average first lactation milk yield in Murrah buffaloes varies between 1,540 and 1,868 kg (Bhalaru and Dhillon, 1981; Sreedharan and Nagarcenkar, 1978; Patro and Bhat, 1979a; Reddy, 1980); in Nili-Ravi it is 1,707 kg (Reddy and Taneja, 1984).  Alim (1967) reported the lactation milk yield of 1,771 kg and Fahmy et al. (1975) reported 1,360 to 2,267 kg for Egyptian buffaloes.  The first lactation averages for Bhadawari (1,165 kg), Nagpuri (926 kg) and Surti (1,364 kg) are much lower.

Average milk yield in Nili-Ravi buffaloes in Pakistan varies between 1,969 and 2,731 kg (Ashfaq and Mason, 1954; Cady et al., 1983) while the average milk yield in Kundi breed is 1,781 kg (Wahid, 1976).  Cady et al. (1983) observed that 1.2% of all buffaloes at the government farms produced more than 4,000 kg milk in a lactation.

Arora et al. (1962) reported that milk yield increased from first (1,733.6 kg) to sixth (2,563.6 kg) lactation in Murrah. Patro and Bhat (1979a) observed a steady increase from first lactation onwards with a peak in fourth lactation. The milk yield up to ninth lactation was maintained close to the peak lactation suggesting that buffaloes could be maintained in the herd up to ninth lactation (16 years of age) with reasonable economic returns. They suggested that stage of lactational maturity corresponded with the development and increased functioning of active secretory tissue of the udder which was attained around fourth lactation.  As a species, lactational maturity in buffaloes was attained between fourth and sixth lactation.

Significant effects of farms and years/periods on milk yield have been reported (Kumar and Bhat, 1978; Patro and Bhat, 1979a; Reddy, 1980).  Patro and Bhat (1979a) observed the farm differences to be significant for all the six lactations, while Polikronov et al. (1967) reported it to be non-significant for Murrah and for Bulgarian buffaloes.

Bhat and Patro (1978) examined the effects of age and weight at calving, preceding dry period and preceding service period on milk yield adjusted for effects of farm, period and season of calving.  Age at calving had positive and significant effect  on milk yield up to third lactation, while weight at calving and preceding service period had an effect up to fifth lactation.  Longer preceding dry periods were not favourable for higher milk yield.  The age and weight at calving preceding service and dry period and lactation length together explained 34% of the total variability in milk yield.  These factors, without lactation length, explained only 9.7% of variability. These results suggest that lactation length was a major source of variation in milk yield.

Most of the heritability estimates for first lactation milk yield in Murrah buffaloes ranges between 0.08±0.04 and 0.19±0.08.  The heritability estimate for Nili-Ravi was 0.28±0.20 (Bhullar, 1974).

Significant phenotypic correlations between first lactation milk yield and first lactation length (0.42 to 0.65) have been reported by Johari and Bhat (1979a), Patro and Bhat (1979b) and Reddy (1980). The genetic correlation between first lactation yield and first lactation length was 0.46±0.24 (Johari and Bhat, 1979b) while that between milk yield and lactation length over the first six lactations were not significantly different from zero (Patro and Bhat, 1979b).

Lactation length
The first lactation length in Murrah and Nili-Ravi is around 300 days (Basu and Ghai, 1978; Reddy, 1980; Sharma and Basu, 1984; El-Arian, 1986).  However, higher averages of 321, 323 and 349 days in Murrah buffaloes have also been reported by Singh and Basu (1988). In Bhadawari, Nagpuri and Surti it is between 276 and 295 days (Singh and Desai, 1962; Belorkar et al., 1977).  Lactation length is high (359-426 days) in Surti buffaloes (Basavaiah et al. 1983; Rao et al., 1985). Alim (1967) reported the first lactation length as 325 days in Egyptian buffaloes.

Significant effects of farms on lactation length have been reported by Kanaujia et al. (1975) and Patro and Bhat (1979a), while Reddy (1980) reported it to be non-significant.  Significant differences between months/seasons for lactation length have been reported by Patro and Bhat (1979a) and Jain and Taneja (1982) for Murrah; Polikronov et al. (1967) for Bulgarian; and Roy Choudhury et al. (1971) for Italian buffaloes.  These authors observed that off-season calvers (December to June) had longer lactation length.

Patro and Bhat (1979b) reported heritability estimate of 0.11±0.05 for first lactation length.  Higher heritability estimates of 0.28±0.11 (Sharma, 1983) and 0.31±0.06 (Singh and Tiwana, 1983) for lactation of length have also been reported.  

The estimates for subsequent lactation lengths were lower than for the first.

Negative phenotypic correlations between lactation length and dry period have been reported by Basu and Ghai (1978). Reddy (1980) and Jain (1982) reported it to be low.  The phenotypic correlations between lactation length and calving interval and between lactation length and service period were, in general, high— 0.51 to 0.76 (Basu and Ghai, 1978; Reddy, 1980; Jain, 1982)— suggesting that longer lactation period would increase calving interval.  The high correlation between first lactation length and calving interval are expected because lactation length is part of the calving interval and a major cause of variation in it.  Similarly, service period is a cause of variation in lactation length.  These correlation values suggest that increase in service period shall lead to an increase in lactation length and calving interval which is not a desirable breeding objective.

Measures of efficiency of milk  production
The first lactation milk yield is the most commonly used selection criterion in dairy animals.  The economic merit of dairy animals, however, is also influenced by many other characters like age and weight at first calving, lactation length and calving interval.  Although selection index procedure is the most efficient method of combining many traits into a single measure of net merit, it needs facilities of a performance recording system, a computer and cannot be easily used under field conditions.  It is, therefore, essential to develop a simple measure of milk production efficiency which takes into account variation caused by factors like lactation length, calving interval and age at first calving, and has high genetic correlation with milk yield. Some measures of milk production efficiency developed are: milk yield per day of age at calving, milk yield per kilogram of weight at first calving, milk yield per day of lactation length and milk yield per day of calving interval.

The average milk yield per day of lactation length ranged from 4.06 kg to 6.62 kg (Ram et al., 1976) in Murrah buffaloes. Amble et al. (1970) reported it to be 5.50 ± 0.34 and 6.10 ± 0.34 in Nili-Ravi buffaloes at two farms. El-Sawaj et al. (1964) reported an average yield per day of first lactation length as 4.84 kg in Egyptian buffaloes.

The milk yield per day of calving interval ranged between 3.02 and 4.00 kg (Amble et al., 1970; Singh, 1976; Rao et al., 1976; Bhalaru and Dhillon, 1981; Bhat et al., 1982) in Murrah buffaloes. It was 3.70±0.24 and 4.00±0.20 kg in Nili-Ravi buffaloes at two farms (Amble et al., 1970).

Bhalaru and Dhillon (1978), Reddy (1980) and Bhat et al. (1982) estimated genetic parameters for some measures of milk production efficiency and compared these with heritability estimates for milk yield.  Most of the estimates reported by Reddy (1980) and Bhat et al. (1982) for milk production efficiency parameters were low and many of these were not different from zero. The trend, however, was that the heritability estimates for milk yield per day of lactation length and calving interval were higher than those for first lactation yield. Bhalaru and Dhillon (1981) observed that heritability of milk yield per day of first lactation length (0.29±0.10) was higher than that of first lactation yield (0.19±0.09).  The genetic correlation between these two traits was 0.90±0.05.  The coefficient of variation, however, for milk yield per day of lactation length was low (22%) as compared to first lactation yield (27%). In view of the higher heritability of milk yield per day of first lactation length and higher genetic relationship with milk yield, selection on the basis of this trait would result in higher genetic improvement than expected from selection for milk yield.

Bhalaru and Dhillon (1981) evaluated the usefulness of some measures of efficiency of milk production in buffaloes as selection criteria as compared to selection based on either first lactation yield or an index incorporating age at first calving, first lactation yield and first calving interval.  The results of accuracy of different criteria of selection revealed that selection index was the most accurate criterion of selection (R=0.603).  Out of different measures of efficiency of milk production, the milk yield per day of age at second calving had the highest correlation (R=0.462) with net merit, followed by milk yield per day of first lactation length (R=0.415) and first lactation milk yield (R=0.294).

Herdlife 
The average productive life ( sum of first three or four calving intervals ) in Murrah buffaloes is 1,378 and 1,884 days (Sharma and Singh, 1975; Tomar and Basu, 1981; Kalsi and Dhillon, 1982). Sharma and Basu (1986b) reported the herdlife in Murrah buffaloes to be 1,947.04 ± 72.47 days. Herdlife is the difference between the date of first and last calvings. Dutt et al. (1965) estimated the productive life (date of birth to date of disposal) as 83.29 ± 5.22 months and longevity ( date of first calving to date of culling ) as 126.87 ± 5.33 months for Murrah buffaloes. Kalsi and Dhillon (1982) reported the productive life (sum of first four calving intervals) for large-size dairy buffaloes of unspecified breed to be 1,359±83.40 days. It appears that most buffaloes complete about 6 lactations in their life time in about 7 years.

Lactation curve
It is well known that the milk yield after parturition in an animal rises to the maximum in first few weeks, tends to maintain around this level for a short period and then gradually declines till secretion finally stops.  This pattern of milk secretion can be represented mathematically with respect to time and is commonly known as lactation curve.

Various mathematical models have been developed to explain both the ascending and descending phases of the lactation curve.  The exponential function (Brody et al., 1923) Yt=Ae-kt  which described only the rate of decline of milk secretion was the first to be used.  Subsequently, the parabolic exponential function (Sikka, 1950) Yt=Aebt+ct2, gamma type (Wood, 1967), Yt=At=Atbe-ct and inverse polynomial (Nelder, 1966) Yt=t(A+bt+ct2)–1 were developed to forecast the milk yield at any stage of lactation.

Dave (1971) studied lactation curve in two herds of buffaloes.  The animals were divided into three groups based on the lactational duration, (i) below 250 days, (ii) above 250 days and less than 360 days, and (iii) above 360 days.  A polynomial of second degree was fitted to the lactation curve except in one case of short lactation (below 250 days).  The milk yield generally showed linear trend, and 75 to 96% of the total variation was accounted by linear regression coefficient of yield on time.  The linear trend showed an increase in tendency from short lactation to long lactation period.  In the short lactation period, yield increased with the passage of time but showed downward trend earlier.  In the longer lactation period, the milk yield showed continuous increasing tendency and remained constant thereafter.

Kumar and Bhat (1979) fitted exponential, parabolic exponential, gamma type and inverse polynomial functions on average lactation records of six lactations.  The R2 values for these functions showed that gamma type function gave the best possible fit followed by inverse polynomial, parabolic exponential and exponential.  These functions explained variability up to 99.0-99.3, 98.0-98.5, 94.5-96.5 and 75.3-79.6%, respectively, by iterative procedure.  It was suggested that the gamma type function followed by inverse polynomial should be preferred over others for describing the lactation curve in Indian buffaloes.

Lifetime production
Chaudhary and Shaw (1965) reported average production life to be 72.0 in Nili-Ravi buffaloes of Pakistan and Asker et al. (1971) 76.8 months in Egyptian buffaloes . Dutt et al. (1965) recorded in Murrah buffaloes yield up to first three lactations as
3,308 ± 116 kg while Iqbaluddin et al. (1970) recorded it to be 4,848 ± 112 kg and 4,475 ± 120 kg, respectively, at two farms in Murrah buffaloes.  Patro and Bhat (1979b) reported the milk yield in first three lactations in Indian buffaloes to be 5,131 kg.  The analysis of data in their study revealed that by the end of fourth lactation more than 50% of the buffaloes left the herd and only less than 1% completed ten lactations.

Singh and Tomar (1981) reported economic levels of various early economic traits on the basis of lifetime milk production and herdlife (age at disposal).  It was found that age at first calving (below 42 months), higher first lactation production (over 2,000 kg) and lower first calving interval (not more than 15 months) would result in significant increase of herdlife and lifetime milk production.

Sharma and Basu (1986a) fitted polynomial regression up to third degree using lifetime records of 804 Murrah type buffaloes to determine optimum levels of various economic traits. Regression curves of lifetime traits on age at first calving showed a linear progression and continuously decreased with increase in age at first calving, indicating higher lifetime milk production and longer stability for early calvers. They observed no lower limit to age at first calving, perhaps because the optimum age of calving was outside the range observed in their study.

From the reports reviewed, it may concluded that lower age at first calving, preferably below 42 months and higher first lactation milk yield, preferably over 1,800 kg were desirable for lifetime production.

Milk composition
Buffalo milk is much richer than cow milk with respect to butter-fat content that may be as high as 15% under good feeding and management. The average fat content is higher than of cow milk, possibly a little over 7% except in Egyptain buffaloes (6.6%; Alim, 1978). The solids-not-fat content is around 9 to 10.5% and is generally slightly higher than that of cow milk (Table -17). Protein, lactose and mineral together constituted 9.6% in Indian buffalo (Pal et al., 1971), whereas almost similar contribution by these factors was in Egyptain buffaloes (Alim, 1978). Buffalo milk is used for preparing the same products as those made from cow milk such as yoghurt, sweets, ice-cream and various types of cheese. Soft cheese made from buffalo milk in the Philippines and Iraq are delicacies, and mozzarella (the Italian pizza cheese made from buffalo milk in southern Italy) is a product of world fame and a gourmet's delight. In India, good-quality processed cheese is manufactured from buffalo milk. Ice-cream made from buffalo milk, with its rich cream, tastes better than any other available in the market.

Table -17. Composition of buffalo and cow milk

Species
Fat (%)
Protein (%)
Lactose (%)
Total solids (%)

Buffalo
7.64
4.36
4.83
17.96

European cow
3.90
3.47
4.75
12.82

Zebu cow
4.97
3.18
4.59
13.45

Source : The Water Buffalo : FAO (1977)

A clarified form of butter called ghee in India and Pakistan or semu in the Arab countries is prepared from buffalo milk. This is extensively used as a cooking medium by millions of people in the Indo-Pakistan sub-continent and in the Arab world and is greatly relished. Buffalo milk, butter and ghee are white in colour due to the absence of carotene, but the products are rich in Vitamin A.

Singh et al. (1979) observed that lactational fat percentage was affected significantly by year and season while parity of calving did not influence the fat percentage.  However, year, season and parity of calving affected the lactational SNF percentage significantly.  The monthly fat % was significantly influenced by stage of lactation and parity while the monthly SNF % was not affected either by stage of lactation or parity of calving.  The fat % showed a continuous increase from first to tenth month.  The influence of season of calving on fat percentage is well recognized.  Both the fat and SNF % were maximum among autumn calvers and minimum among rainy season calvers (Singh et al., 1979).  However, Ragab et al. (1958) reported higher fat percentage in summer calvers than in winter calvers in Egyptian buffaloes.  In contrast SNF percentage was higher in winter than the summer calvers. No explanation for this has been given.

Pal et al. (1971) reported that per cent protein was highly heritable (0.74) while per cent ash (0.29), % total solids (0.35) and % solids-not-fat (0.39) were moderately heritable.  The repeatability estimates for fat (0.71), ash (0.68), total solids (0.72) and SNF % (0.68) were high, while those for protein (0.42), lactose (0.36) and casein % (0.57) were moderate.  However Singh et al. (1979) estimated heritability for % fat and SNF as 0.41±0.28 and 0.26±0.23 respectively.  The repeatability estimates for % monthly fat in their study ranged from 0.20 to 0.49 and of % SNF from 0.19 to 0.37.

Pal et al. (1971) estimated the genetic correlations among milk constituents to be positive (0.28 to 0.97%).  The highest correlation values were observed between total solids and other constituents. Singh et al. (1979) reported positive correlation between fat and SNF % (r=0.57).  However, the correlations between milk yield and constituent % were negative, and ranged between 0.26 and 0.77.  These results suggest that selection for milk yield would lower milk constituent % and vice-versa. Although the increase in milk yield will decrease the milk constituent %, total fat, protein and SNF yield would increase as all yields are positively correlated with milk yield (Pal et al., 1971)

Selection indices
In various farm animal species, selection indices are used to estimate the breeding value of future breeding stock.  A selection index estimates the value of an individual for an aggregate genotype, whereas the latter in most applications is expressed in financial terms and is a linear combination of additive genetic merit for component traits weighted by their respective economic weights. Selection indices have been constructed for buffaloes by Tomar and Desai (1969), Kanaujia et al. (1974), Gokhale and Nagarcenkar (1980), Bhalaru and Dhillon (1978) and Johari and Bhat (1978).

Johari and Bhat (1978) constructed indices involving traits of growth, reproduction and production.  Comparative study of relative efficiency of these indices indicated that selection index incorporating birth weight, weight at six months, weight at one year, weight at first calving, first lactation milk yield and lactation length had the highest relative efficiency and was slightly superior than the index based on all the nine traits.  It was recommended that sequential selection would be more useful for genetic improvement.  At one year of age, the heifers should be selected using an index which incorporated body weight at birth, six months and one year.  When body weight at first calving and age at first calving become available, the index incorporating body weights at six months, one year and first calving, and age at first calving could be used.  At the completion of first lactation record, the index which incorporated body weights at six months, one year and first calving, age at first calving, first lactation milk yield and lactation length could be used; it was as efficient as the best index.  The authors suggested that reproductive traits should be improved through efficient feeding, management and improved sexual and health control operations.

Response to selection
Alim (1953) estimated the genetic gain for milk yield through dams of buffalo cows and bulls as 5.7 and 13.4 kg, respectively, in a herd of Egyptian buffaloes. The total generation length through four paths was 27 years and annual gain in milk yield was 0.71 kg (0.04% of the herd average).  Asker et al. (1955) did not observe any effect of selection for age at first calving or calving interval in Egyptian buffaloes over a period of 20 years.  Genetic improvement in milk yield from selection of dams of heifers was 60.3 kg per generation.  The annual genetic gain in milk yield was 8.1 kg which was 0.8% of the herd average.

Agarwala (1956) estimated the annual genetic gain in butterfat yield in a herd at Allahabad as 0.10 kg which was about 0.1% of the average first lactation butterfat yield of 95.9 kg.  Reddy and Taneja (1982) estimated genetic gain in milk yield in Murrah herd at Military Farm, Jabalpur.  The estimates of genetic superiority through four paths, viz. sire to daughter, sire to son, dam to daughter and dam to son were 7.92, 4.91, 80.45 and 438.94 kg, respectively, which were equal to 1.49, 0.92, 15.12 and 82.47% of the total. In this study, the genetic contribution from dam to daughter path was much higher than sire to daughter path.  In selection of bulls also, maximum emphasis on dams’ performance was indicated by the highest genetic superiority through dam to son path (82.47%).  Thus in selecting both cows and bulls, the emphasis was mostly on their dams’ performance.  This was expected in the absence of progeny testing.  However to maximize the rate of genetic gain, a combination of selection of outstanding bull mothers and progeny testing of bulls should be practised.  The annual genetic gain in 300-day first lactation milk yield was 15.88 kg, equal to 0.99% of the herd average of 1,611.26 kg.  Singh (1983) estimated the annual genetic gains for milk yield using progeny testing, half-sib testing, pedigree and individual selection for population sizes of 400, 1,600 and 10,000 buffaloes.  An increase in genetic gain with increase in population size was noted in progeny testing and half-sib methods.  The annual genetic gains for herd size of 10,000 were 1.04, 1.00, 0.07 and 0.06 % of the herd average respectively.  Gain from half-sib testing was almost equal to progeny testing because of smaller generation interval in half-sib testing.  Expected gains from pedigree and individual selections were negligible.

Most of the studies reviewed above indicate that selection of both bulls and heifers should be done on the basis of dam's performance.  For making improvement in milk yield, it is essential that outstanding bull mothers are selected and progeny testing of young bulls is taken up to maximize the rate of genetic gain. Considering a heritability estimate of 0.15 for milk yield in 300 days and different selection intensities (culling at 10, 20 and 30 % of herd), the improvement (G) per year will be between 3.76 and 9.60 kg (Table -18).

Ashfaq (1961) reported the results of a study of progeny testing of the buffalo bulls maintained at the Government Buffalo Breeding Farm, Bahadarnagar in Pakistan during 1947-51.  The analysis showed that progeny testing was feasible.  A comprehensive study was conducted to explore the extent of genetic and environmental sources of variation in the productive and reproductive traits of a purebred herd of Nili-Ravi buffalo (Khan 1986).  The effectiveness of selection and inbreeding in altering the milk producing ability of the animals over a period of 44 years was also studied (Khan and Ahmed, 1991).

The data showed that the average estimated genetic superiority of the dams of she-buffalo (ICC) was 11.34 kg or 0.598 % of the herd average per generation; the average estimated genetic superiority of dams of bulls (ICB) was 84.20 kg of milk or 4.44  % of the herd average per generation.  Since progeny testing was not practised in this herd, the other two paths of genetic superiority, viz. IBB and IBC, amounted to be zero.  The pooled genetic superiority was 95.55 kg of milk or 5.04 % of the herd average for a generation interval of 7.38 years.  The genetic improvement per year, thus amounted to 3.278 kg of milk or 0.171 % of the average first lactation milk yield (1,869±38.8 kg and heritability, 0.137 ± 0.083).  Out of the genetic improvement in milk yield, 88 % was due to the selection of the dams of the sire (ICB).

Table -18. Rate of genetic improvement in milk yield

% culled
i
h2
p
G per
G per





generation
year





(kg)
(kg)

10
0.195
0.15
900
26.33
3.76

20
0.340
0.15
900
45.90
6.56

30
0.498
0.15
900
67.23
9.60

Source : Bhat (1983)

The estimate of annual genetic improvement in milk yield through selection was not only markedly low but was also much less than 1 % of the mean suggested by Rendel and Robertson (1950) as the maximum rate of genetic improvement without progeny testing. Thus it may be concluded that

(a) although selection remained ineffective to bring about the desired changes over a long period of 44 years, yet there was scope for six-fold improvment in production through direct selection;

(b) selection of buffaloes to produce heifers (ICC) was ineffective because the selection of dams to produce heifers and bulls was primarily done on the basis of type and conformation with little attention to milk yield since 1936.  It was obvious that these characters had little or no correlation with traits of economic importance; and

(c) the logical consequence of the above finding is that progeny testing programme for buffalo needs to be initiated.  This was obvious from the fact that 12% genetic gain was from the selection of dams of cows (ICC) and 88% was obtained through the selection of dams of bulls (ICB).  This conclusion is further substantiated by the findings of Cady et al. (1983) who reported that at government livestock farms, 1% of all buffaloes produced more than 4,000 kg milk and this proportion of high-yielding buffaloes gave good opportunity for the selection of dams to produce bulls (ICB). Ahmed et al. (1992)  analysed data of 1,457 Nili-Ravi buffaloes to estimate age-specific probabilities of cows culled for low milk yield, reproductive failures, poor health and old age.  Reproductive failure was identified as the principal reason for culling of buffalo cows.  Reproduction and health accounted for two-thirds of all culling, leaving a relatively narrow margin for  culling based on low milk yield.

Progeny testing of bulls
It was with this background that the progeny testing programme in Pakistan was started at the Livestock Production Research Institute, Bahadarnagar, Okara in 1979.  It was a station-testing programme; 2 batches of bulls with 4 bulls in each batch were put to test mating during 1979-80 and 1981-82, respectively, allowing random herd mates to each bull. In batch I, four bulls were put on test mating herd in 1979 and 40-50 conceptions from each bull were randomly obtained.  The daughters of these bulls who attained sexual maturity were bred accordingly. The bulls were ranked according to the method described by Jain and Malhotra (1971). These bulls were recommended as sires for the production of future candidate bulls after preserving sufficient doses of their semen. By 1982, 4 bulls which were the sons or grandsons of proven sires out of top-class bull mothers were put on test mating in the test herd, i.e. buffaloes other than elite cows.  Out of 94 daughters, 28 completed their first lactation while the others were culled for various reasons. Since the progeny testing programme was confined only to the Livestock Production Research Institute, Bahadarnagar, Okara, where small number of buffaloes were present, accuracy was expected to be low and selection was not large enough to allow significant genetic progress.  Hence, field recording of farmers’ herds, as an adjunct to institutional programme was initiated.  A co-ordinated field progeny testing project was started in 1984 and 1995. The new programme was extended to 3 buffalo populations, viz. buffaloes at the government farms, buffaloes with progressive farmers and buffaloes from the selected village population.

Asghar (1987) highlighted the important features of this programme. About 800 breeding buffaloes at different livestock experiment stations and military farms and 4,000 buffaloes kept by the farmers in the home tract of Nili-Ravi buffalo were registered.  The criterion for registration was more than 10 litres of milk daily during their peak period.  The sons from elite buffaloes and sires assessed for breeding value by Cady et al. (1983) were taken as base for progeny testing programme. The buffaloes from these populations were inseminated with the semen from the proven sires or the best available sires to produce candidate bull calves.  The topmost 35-40 bulls were put on test mating every year in all buffalo populations till 80-100 conceptions were obtained from each bull.  Such bulls were ranked by contemporary comparison. Mean lactation yield of 1,770 buffaloes at the government and military farms was 1,873±14.  The top 12.8% of these buffaloes were selected as bull mothers and the average lactation yield of these elite buffaloes was 2,760±13 kg.  The average milk yield of 3,177 registered buffaloes from the field was 2,074±10 kg, and 9.9% of these buffaloes having average milk yield of 3,215±8 kg were selected as bull mothers. In 1983-84, 16 bulls were put on test mating on all the buffalo populations registered under the project.  These bulls attained body weight of 420-570 kg at the age of 24 months.  The fertility in these bulls was 52.7%.  At the end of this phase of the project, a total of 185 contemporary daughters had completed at least one lactation each.  The analysis of the data revealed non-significant difference in 305-day milk yield of buffaloes kept at the government farms and at the private farms.  Hence, the two sets of data were pooled and the bulls were ranked accordingly.

The differences among the bulls were significant (P<0.05)  but the top 3 bulls of the 4 tested (B-62, PD 210, B-63 PD 284 and B-65 PD 175) did not differ from each other.  Until now, 7 batches of 124 young candidate bulls have completed test mating and the data are being analysed.

Co-ordinated Research Project on Buffaloes
An All-India Co-ordinated Research Project on Buffalo Improvement was initiated by the Indian Council of Agricultural Research in 1970-71. Two centres each for Murrah and Surti were established at different locations in the country. The detailed objectives and the breeding programme of the project have been described by Nagarcenkar (1978). The project envisaged evaluating buffalo bulls both under farm and field conditions. A number of bulls of the two breeds with 20% superiority above their contemporary average have been identified and these are being used for improvement of the herd and in elite matings for production of young bulls for testing. Elite dams with more than 2,000 kg milk for Murrah and 1,200 kg for Surti have been identified and used in mating with the tested bulls. So far 40 bulls of Murrah breed have been progeny tested with daughters’ performance of 2,000 kg/305 days to 2,700/305days for various proven bulls. The frozen semen of these bulls is being used for improvement of buffalos in the breeding tract.

MEAT PRODUCTlON

Buffalo meat is usually eaten in all countries of Far East and Near East where buffaloes exist. It generally commands a ready sale, though sometimes it is regarded as inferior to beef and is sold at a lower price. Buffalo meat in most of the countries is produced and handled under very unsatisfactory conditions and mostly old buffaloes, unfit for economic milk productlon or work, are slaughtered. The dressing percentage in such cases is low, being about 43-47%. Even as such buffalo meat is considered a delicacy by people used to eating it. The meat of the buffalo is used with advantage for preparation of hamburgers, meat rolls and sausages. It also makes good biltong and tasty soup. Like the milk and butterfat, the body fat of the buffalo is white on account of absence of carotene. According to Bhat (1994) in India 10.52 million buffaloes are slaughtered to produce 2.62 million metric tonnes of buffalo meat with average carcass weight of 146 kg. Of the total buffaloes, 89% were slaughtered in Asia to produce 1.60 million metric tonnes of meat. Pakistan and China alone contri​buted close to 79,000 metric tonnes of meat.

Certain European countries, most notably Italy, Bulgaria, Czechoslovakia and the former USSR have done valuable research in buffalo meat production in recent years. Buffaloes in these countries are fed for slaughter at 16 to 20 months when they weigh 350 to 400 kg. The dressed carcass percentage is 51-60. Meat quality is good and flavour is indistinguishable from that of beef (Alim, 1967; Dzafraov, 1968). In Trinidad, Indian breeds like Murrah, Surti, Jaffarabadi, Nili-Ravi and Bhadawari have been crossed with native buffaloes; crossbred progeny is raised for beef production (Rastogi et al., 1978). An average group weight of 476 kg at 2 years of age was attained in these crosses giving a daily weight gain of 512 g. Higher rates of gain between 900 and 1,150 g per day have been achieved in China and the former USSR. The carcass dressed out between 52 and 62%. Buffalo meat was as palatable as beef sold in the market (Dzafraov, 1968; Pei-Chien, 1978).

In buffalo meat the fibres are not interspersed with fat and hence the tenderness produced by ‘marbling’ is absent. This, however, does not appear to be a characteristic of meat from this species. It is more likely that the coarseness observed in buffalo meat by Hafez was not due to any intrinsic defect but to the fact that the animals were usually old and in poor condition when slaughtered. The dressed carcass of the buffalo generally weighs 45 to 47% of the live weight of the animal. In Yugoslavia, Bulgaria and Italy where rearing of buffaloes for meat is common, a dressing percentage of 51 is not unusual. Caucasian buffaloes yield carcass with a dressing percentage varying from 48 to 53. The protein content of the meat ranges between 19.2 and 22.4% and that of the fat between 11.4 and 22.2% (Agabeili et al., 1971).

In some markets such as Hong Kong buffalo meat constitutes more than half of all the beef sold.

Very recently, studies were conducted on the meat-production characteristics of weaned male Murrah buffalo calves at the IVRI in India. Groups of 9-month-old calves weighing 75 kg were divided into two groups, one lot being on ad lib., high-grain ration and the other  on ad lib. roughage - type, leguminous hay and wheat straw ration. On attainment of 300 kg body weight the animals were slaughtered for evaluation of carcass quality. Animals fed the high-grain ration demonstrated growth rates of  0.555-0.628 kg per day, and attained a slaughter weight of 300 kg at 16 to 18 months of age, whereas those on the roughage-type ration gained at the rate of 0.410 to 0.450 kg per day and reached the same slaughter weight in 20 to 22 months. The dressing percentage of the high-grain-fed animals ranged from 56.8 to 59.6 (mean 57.4), while that of animals fed roughage-type rations varied from 50.8 to 53.5 (mean 50.9). The lean fat:bone ratios in the grain-fed and roughage-fed groups were 55:26:28 and 59:19:21 respectively. If the buffalo is properly managed and fed as a meat-producing animal and slaughtered at 16 to 20 months of age it can produce meat that would be comparable with beef obtained from cattle, both in quality and in quantity.

Krishnan and Nagarcenkar (1979) observed average daily gain in body weight in buffalo calves as 474 g from birth to slaughter and 513 g from 6 months to slaughter under conventional concentrate feeding. The corresponding averages when calves were fed concentrate mixture containing urea and molasses were 421 and 386 g respectively. The differences in average daily gain under two feeding regimes were significant. For meat studies, the calves were slaughtered in weight groups of 140, 180 and 200 kg. The dressing percentage was highest (58.7%) under conventional concentrate feeding in 180 kg weight group, while it was lowest (53.5%) under experimental concentrate feeding in 140 kg weight group.

In China, Liu (1978) made a comparison of fattening efficiency between triple crossbred (1/2 Nili-Ravi – 1/4 Murrah – 1/4 local) buffaloes and 1/2 Santa Gertrudis grades under same feeding conditions, both slaughtered at 18 months of age. The dressing percentages were 53.0 and 59.9, muscle percentages 43.2 and 42.1 and bone ratios 1:4.5 and 1:4.4 respectively. The buffalo meat was also as palatable as beef. In another feeding experiment, triple-cross buffalo steers maintained on elephant grass for 100 days gave a daily weight gain of 0.8 kg and the animals consumed 67.3 kg of elephant grass for each kilogram increase in body weight. The animals when slaughtered at 24 months of age gave dressing percentage of 53.6 with muscle percentage of 43.0.

A report on comparative palatability of cooked meat of water buffalo with that of local crossbred Jamaica Red × Sahiwal steer and an imported carcass of European beef steer, revealed that meat from water buffalo scored an average of 76.6 points vs 70.7 and 69.3 points, respectively, for the local and imported beef. The buffalo meat is considered to be of attractive colour, fresh and tasty. Buffalo veal is considered a delicacy. Calves are usually slaughtered for veal between 3 and 4 weeks of age and the dressed percentage is 59.66.

The water buffalo offers promise as a major source of meat, and the production of buffaloes solely for meat is now expanding. Because buffaloes have been used as draught animals for centuries, they have evolved with exceptional muscular development; some weigh 1,000 kg or more. Until recently, however, little thought was given to using them exclusively for meat production. Most buffalo meat was generally, and still is, derived from old animals slaughtered at the end of their productive life. As a result, much of the buffalo meat sold is of poor quality. But when buffaloes are properly reared and fed, their meat is tender and palatable. Water buffaloes are exported for slaughter from India and Pakistan to the Middle East and from Thailand and Australia to Hong Kong. Demand for meat is so great that Thailand’s buffalo population has dropped from 7 million to 5.7 million head in the last 20 years, a period in which the human population has more than doubled.

All buffalo breeds, even the milking ones, produce heavy animals whose carcass characteristics are similar to those of cattle. Despite heavy hide and head, the amount of useful meat (dressing percentage) from buffaloes is almost the same as in cattle. In Mediterraneo type buffalo in Brazil  dressing percentage is 55.5. Dressing percentages in swamp buffalo in Australia is 53.

Buffaloes are lean animals. Although a layer of subcutaneous fat covers the carcass, it is usually thinner than that on comparably fed cattle. Even animals that appear to be fat proved to be largely muscular. Research in Australia revealed that it is difficult to produce swamp buffaloes with more than 25% fat. An average choice-grade beef carcass may contain about 35% fat. This lower level of fat is sometimes seen even under feed lot conditions, although animals liberally fed with concentrated rations will eventually fatten. Castrated males have a reasonably even layer of subcutaneous fat.
In general, the buffalo carcass has rounder ribs, a higher proportion of muscle, and a lower proportion of bone and fat than beef has.

Buffalo meat and beef are basically similar. The muscle pH (5.4), shrinkage on chilling (2%), moisture (76.6%), protein (19%) and ash (1%) are all about the same in buffalo meat and beef. Buffalo fat, however, is always white and buffalo meat is darker than beef because of more pigmentation or less intramuscular fat (2-3% “marbling”, compared with the 3-4% in beef) and is low on cholesterol.

Taste-panel tests and tenderness measurements conducted by research teams in a number of countries have shown that the meat of water buffalo is as acceptable as that of cattle. Buffalo-steaks have been rated higher than beef-steaks in some taste tests in Australia, Malaysia, Venezuela and Trinadad.

There is some evidence that buffaloes may retain meat tenderness to a more advanced age than cattle because the connective tissue hardens at a later age or because the diameter of muscle fibres in the buffalo increases more slowly than in cattle. In one test the tenderness (measured by shearing force) of muscle samples from carcasses of buffalo steers 16-30 months old was the same as that from feedlot Angus, Hereford and Friesian steers 12-18 months old. This gives farmers more flexibility in meeting fluctuating markets while still providing tender meat.

Buffalo hide makes excellent, thick, tough leather much valued for making shoe soles, belts and many other leather articles requiring this kind of material. Strips of buffalo hide softened with fat are woven to make very strong, attractive reins, lassos or ropes. Very good and durable water buckets are made out of buffalo hide for lift irrigation purposes. Buffalo hide can be split with modern machinery to make thin strong sheets, which after processing and dyeing make as good a leather as that obtained from other animals.

Tasty ‘buffalo chips’ are made from buffalo hide in parts of Thailand, Nepal and Indonesia. The hide is cut into small strips, boiled in water for a long period and dried under the sun. The pieces are fried in deep fat to make crisp delicious chips. With adequate publicity it should be possible to create an export market for buffalo chips.

Massive horns of the buffalo support a cottage industry. Based on them a wide range of useful as well as fancy and decorative horn articles are manufactured. The ingenuity, workmanship and beauty of many of these products are really fascinating. In Malaysia, a musical instrument known as tetuag is made out of buffalo horn (Cockrill, 1966).

The potentiality of buffaloes as a meat animal to meet the present and future requirements of rapidly growing population in Asian countries deserve special attention,  because of its capacity to convert coarse roughages and other cereal byproducts into meat economically. Although buffaloes are being used for meat in these countries, there are no feeder/slaughter grades. There is an urgent need to produce these types.

Performance of buffalo crosses
River × River buffalo crosses

ln Gujarat (India) farmers have been breeding Surti buffalo cows with Murrah or Jaffarabadi bulls. Mehsana, a buffalo breed, is said to have been evolved from crossing of Surti buffalo cows with Murrah bulls. A pilot study on crossing Surti females with Murrah bulls was undertaken at the National Dairy Research Institute, Karnal, India (Table -19).

Table -19. Performance of Murrah, Surti and their crosses

Traits
Murrah
Murrah × Surti
Surti

Age at calving (months)
42.0
41.0
48.2

Milk yield, 305 days (kg)
1471.5
1415.6
1109.8

Lactation length (days)
324.1
321.2
294.9

Dry period (days)
157.9
106.7
165.1

Calving interval (days)
468.9
411.3
487.8

Efficiency of milk production
3.2
3.4
2.3

  (kg/day)

Source: Basu and Sarma (1982).

Murrah and Surti buffaloes were raised contemporarily. In crossbreds, a significant increase in milk yield and improvement in reproduction traits was observed (Basu and Sarma, 1982). In terms of efficiency of milk production (milk yield per day of calving interval), the crossbreds (3.4 kg) were even better than the Murrah (3.2 kg). In Bulgaria, crossing of native Bulgarian females with Murrah buffalo males imported from India was initiated in 1962. Murrahs were superior to Bulgarian buffaloes both for body weight and milk yield. The Murrah × Bulgarian crosses were close to Murrah for body weights at different ages (Table -20).

Table -20. Performance of Murrah, Bulgarian and their crosses

Traits
Murrah
Bulgarian
F1 Murrah × Bulgarian


X
SE
X
SE
X
SE

Weight at birth (kg)
34.1
0.4
31.9
0.2
34.3
0.2

Weight at 6 months (kg)
170.1
1.7
132.3
0.8
160.2
2.7

Weight at 24 months (kg)
508.4
6.8
432.8
6.2
507.6
5.7

300-day milk yield (kg)
1822.8
75.7
1197.6
13.2
1491.5
18.7

300-day fat yield (kg)
145.2
7.2
91.4
1.1
113.9
1.1

Lactation length (days)
306.2
14.7
296.8
4.9
288.0
5.1

Dry period (days)
156.3
19.7
151.1
3.8
156.4
5.2

Fat (%)
7.95

7.59

7.64

Source : Nagarcenkar (1978)

The milk yield and total fat in the crossbreds were close to mid-parent value (Nagarcenkar, 1978).

Crossbreeding of swamp buffaloes

There are no identified breeds of swamp buffaloes, although variations in coat colour, horn type and body weight are substantial between them. It is possible to crossbreed the swamp buffaloes with the river buffalo breeds. Research on crossbreeding of the swamp buffaloes with the riverine breeds, especially the Murrahs, has been conducted in different countries, e.g. China, Malay​sia, the Philippines, Thailand and Vietnam. The number of chromosomes in the swamp buffalo is 48 (2n= 24 pairs), while that in the Murrah breed is 50. The number of chromosomes in the Fl crossbred is 49 and, in spite of this change in chromosome numbers, both males and females are fertile. From a limited number of observations, the F2, F3 and F4 resulting from backcrosses to the Murrah also appear to be fertile.

Growth  performance

Buffalo crossbreds Philippine Carabao × Murrah or Phil-Murrah and Philippine Carabao × Nili-Ravi or Phil-Ravi were heavier than the Philippine Carabaos. The data from 322 Carabaos and crossbreds (102 Philippine carabaos, 182 Phil​-Murrah crossbreds and 38 Phil-Ravi crossbreds) were analyzed. The variations in weights among the test animals were primarily due to breed of sire and locations. Regardless of sex, the crossbreds were heavier than the Carabaos at birth, and at 12, 24 and 36 months of age. Harisha and Azmi (1989) also reported that the least-square mean weights of swamp × Murrah buffaloes were consistently heavier than those of swamp × swamp buffaloes at birth, and 6,12,18, 24,36 and 48 months of age (P<0.05).

Milk  production

Chantalakhana (1978) reported the performance of imported Murrah, Nili-Ravi and their crosses with swamp buffaloes in South-East Asian countries. Murrahs adapted well to the local environmental conditions, levels of feeding and management, and produced about two to three times more milk than the swamp buffalo cows. The crossbred buffaloes are superior in working ability to the swamp type and are nearly equal in milking ability to the Murrah. Age at first calving in Murrah breed in these countries varies between 4 and 4.5 years. However, in crossbred buffaloes it is around 3.2 years.  Murrah generally produced 3.5 to 5 kg of milk per day during their 200-300 days of lactation.

Pei-Chien (1978) reported the performance of Murrah (imported from India), Nill-Ravi (from Pakistan) and their crossbreds with local swamp buffalos of China. Milk yield in Murrah born and reared in China for an average lactation period of 213 days was 1,382.9 kg. In general, the performance of Murrah grades was satisfactory. They were heavier and stronger than the local animals, especially in the hindquarters, good for working and produced more milk. Triple crosses produced using Nili-Ravi bulls on Murrah × local F1 cow, had an average body weight of over 200 kg at 6 months of age, the body weight being 300 and 450 kg at 1 and 2 years of age. An average daily weight gain of 900 g was achieved in these triple crosses.

Liu et al. (1985) reported the performance characteristics of Chinese buffaloes, imported Murrah and Nili-Ravi buffaloes and their crosses. The Chinese buffaloes can be classified as large (560-784 kg), medium (519-544 kg) and small (402-452 kg). They have the ability to thrive on coarse feed and live under rough management conditions. However, their milk and meat production is not high although the milk is rich in fat (7.8–11.3%). The average milk yield in Chinese buffaloes is 520 (210 days) to 751 kg (300 days).

The performance of exotic breeds, Murrah and Nili-Ravi, with respect to growth, production and reproduction compare well with those in their native homes and are higher than the averages reported for Chinese buffaloes. The average lactation yields for Murrah and Nili-Ravi are 1,976 (272 days) and 2,076 kg (275 days) with fat percentage of 6.7 and 7.2 respectively.

The average lactation yield of Murrah × local F1 progeny cows is 118.2% (271 days); and of the F2 is 1,540.3 (291 days) with a fat percentage of 7.5. Use of Nili-Ravi bulls on 1/2 Murrah grade resulted in reduction in age at puberty (605 days) compared to 1/2 Murrah grade (669 days). Similarly, the post-partum oestrus period (71 days) and calving interval (382 days) in the triple crosses were lower than in Murrah (94  and 455 days), Nili-Ravi (128 and 466 days) and 1/2 Murrah grade (171 and 540 days). The average milk yield in these triple crosses was higher (2,662 kg, 311 days) than those in Murrah grades (1540 kg in F2 progeny), and approached the level of Murrah and Nili-Ravi. In general, growth, milk yield and confirmation of triple crosses appeared to be reasonably good; hence, the triple crosses are proposed to be used as the foundation stock for development of new breed of milk-meat buffaloes in China.

In the Philippines the milk production of Phil-Ravi Fl and Phil-Murrah F1 is about 2.4 and 2.7 times more than the production of the Philippine carabao (Table -21). The lactation length of the Philippine carabao averages 200.8 days compared to the lactation of 348.5, 259.5 and 233.7 days for Murrah, Phil-Murrah and Phil-Ravi respectively. The average daily milk yield of swamp buffaloes was 1.94 kg based on  10 lactation records; of the Fl of swamp × Murrah, 3.73 kg on 12 lactation records; of the Fl of swamp × Nili-​Ravi, 4.3 kg on 60 lactation records; of the purebred Murrah, 6.60 kg on 81 1actation records; and of the purebred Nili-Ravi,7.2 kg on 25 lactation records. The average lactation period was 235.9 days for swamp buffaloes; 276.9 days for swamp-Murrah Fl; 270.8 days for swamp-Ravi Fl; 237.1 days for purebred Murrah; and 261.0 days for purebred Nili-Ravi. The Fl crossbreds of swamp and riverine buffaloes on an average produced about twice as much milk daily as that produced by swamp buffaloes.

Table -21. Average milk yield (kg) and lactation length (days) of the Philippine carabao, Murrah, Phil-Murrah F1 and Phil-Ravi F1
Parameters
Philippine carabao
Murrah
Phil-Murrah F1
Phil-Ravi F1

n = 21
n = 21
n= 29
n = 12

Milk yield
259.40c
1804.40a
705.60b
623.10b
Lactation length
200.81b
348.48a
259.45b
233.67b
Any two means with the same letter in the row are not significantly different (P>0.05).

Source : Shrestha and Parker (1992)

In Sri Lanka, upgrading of local buffalo cows with Murrah and Surti from India resulted in a significant increase, of approximately 290%, in milk yield over the local buffaloes, which yielded 355 kg per lactation. Murrah were superior to Murrah grade only by 241 kg (16%) in milk production with no apparent difference in lactation length. Assuming a generation interval of 6 years and a turnover of 5 generations, one could expect an improvement of approximately 34 kg milk per year through the upgrading programme.

The crossbreds between swamp and Murrahs in Taiwan gen​erally produce 3.5-5 kg of milk per day during 200-300 days of lactation, with a peak yield of around 7 kg per day. The Fl crossbreds on an average yield 3.4 kg per day (Table -22). However, in the Philip​pines only 1.6 kg of milk per day during 300 days is obtained from the cross​breds.

Table -22. Performance (means) of Murrah and crossbred buffaloes in Taiwan (Liu, 1978)

Traits
Murrah
F1 cross
G1 backcross




to Murrah

Birth weight (kg)
33
32
32

Weight at 10 months (kg)
301
265
270

Total milk yield (kg)
1518
824
1015

Lactation period (days)
240
240
240

Milk yield per day (kg)
6.3
3.4
4.2

Peak milk yield (kg)
               8.0
                       4.6
                    6.0

While these data indicate promising results from crossbreeding of swamp buffaloes with the riverine breeds, one of the most serious questions is how to proceed in the breeding programme without the risk of eliminating the local indigenous swamp buffaloes. It is also important to recognize that, under small farm conditions in most Asian countries, there remain various socio-economic aspects which need to be carefully examined concerning the suitability and farmer acceptance of crossbred buffaloes.

Reproductive performance

Prepubertal and pubertal performance. The Phil-Ravi F1 and Phil-Murrah F1 crossbred heifers reach puberty at 593 (19.8 months) and 460 (15 months) days earlier, respectively, than the Philippine carabao heifer. The weight advantage of the crossbreds over that of the Philippine carabao is about 58 kg for Phil-Ravi F1 and 80 kg for Phil-Murrah F1 (Table -23). In both the genotypes, follicular development occurred much earlier than the commencement of first behavioral oestrus as determined by a vasectomized bull together with other physiological manifestations of heat.

Table -23. Pubertal performance (means + SD) of the Philippine carabao, Phil-Murrah F1, and Phil-Ravi F1, crossbreds (Momongan et al., 1994)
Parameters
Breed


Philippine carabao
Phil-Murrah F1
Phil-Ravi F1

N = 21
n = 21
n = 7

Age at development of first follicle (days)
966±193a
684±84b
676±89b
Age at the commencement of first

  behavioral estrus (day)
1348±406a
881±177b
761±120b
Age at first ovulation1 (days)
1367±424a
907±172b
774±114b
Weight at puberty (kg)
282±32b
362±48a
340±60a
1Age at puberty, based on palpation of corpus luteum to assess ovarian development.

Means with different superscripts within row are statistically significant (P<0.05).

In terms of the development of the reproductive tract, the Phil-Murrah F1 and Phil-Ravi F1 crossbreds exhibited no significant difference in anatomical measurements compared with those of the Philippine carabao, indicating that size and weight of the animal at puberty had no bearing on the development of the reproductive tract in buffalo (Table -24). No significant difference was observed among the Philippine carabao, and Phil-Murrah and Phil-Ravi F1 crossbreds in diameter of the cervix, size of the body and horns of the uterus, as well as the size of the ovaries.

Liu (1978) also claimed that Murrah and Murrah-swamp crossbreds reached age of puberty earlier than the local Chinese swamp buffaloes. He reported the age at puberty for Murrah to be 431 days (range: 314-643); for Murrah × Chinese swamp 674 days (range: 384-1,203); and for Chinese swamp buffalo 1,045 days (range: 659-1,387).

Postpubertal and postpartum reproductive performance. The Phil-Murrah and Phil-​Ravi Fl crossbreds conceive and give birth to calves one year earlier than the Philippine carabaos. The ages at first calving were greater than those reported by Momongan (1985) — 44.8 months (range: 32.4-61.7) for river buffaloes and 54.6 months (range: 45.7-63.6) for swamp buffaloes.  Momongan et al. (1984) reported the age at first calving for carabaos under village conditions as 63.6 months and Momongan (1985) as 66.0 months. There is no significant difference in the number of services per conception and in the length of gestation period among Philippine carabaos, Phil-Murrah and Phil-Ravi F1 crossbreds.

Table -24. Anatomical measurements (means ± SD, cm) of the reproductive tract of the Philippine carabao, Phil-Murrah F1 and Phil-Ravi F1 crossbreds at puberty (Momongan et al., 1994)

Parameters
Breed


Philippine carabao
Phil-Murrah F1
Phil-Ravi F1

N = 21
n = 21
n = 7

Diameter of the cervix
2.26±0.54
2.12±0.53
1.80±0.29

Diameter of the body of the uterus
2.22±0.44
2.19±0.52
1.83±0.36

Diameter of the mid-portion of the horns

  of the uterus

      Left horn
1.74±0.33
1.83±0.48
1.61±0.40

      Right horn
1.75±0.33
1.84±0.49
1.61±0.40

Dimensions of the ovaries (L × W)1
      Left ovary
1.95 x 1.59
1.90 x 1.52
1.84 x 1.26

      Right ovary
1.90 x 1.60
1.90 x 1.47
1.83 x 1.24

1L = length, W= width.


After calving, there is no significant difference between the Philippine carabao, Phil-​Murrah F1, and Phil-Ravi F1 crossbreds in terms of length of time for the uterus to involute, the recurrence of follicular development, manifestation of first behavioural estrus and development of corpus luteum in the ovary. However, it seems that more Phil-Murrah F1 crossbreds exhibited silent heat because there were instances when CL could be palpated but the animals were not observed to show signs of heat. The Phil-Ravi F1 crossbreds have shorter service period and calving intervals compared to Phil-Murrah F1 crossbred and Philippine carabao, although these differences are not statistically significant (P>0.05). The calving interval reported in this study was longer than that reported by Momongan (1985) who recorded it as 482.4 days (range: 430-551) for river buffalo and 567 days (range: 448-726) for swamp buffalo. In a study conducted under the village conditions, Momongan (1985) reported that the calculated calving interval for 82 multiparous cows was 26.3 + 12.2 months (range: 11.5–57.5).

Draught animal power


According to Liu (1978), about 45,000 crossbreds, between swamp buffalo and Murrah, had been produced in southern China with the intention of pro​ducing more milk and meat, in addition to draught power. These crossbreds were equal in heat tolerance to the local swamp buffa​loes and were superior in draught power, both in terms of speed and area per unit of time at ploughing.

De Los Santos and Momongan (1987) conducted two experiments to evaluate the draughtability of the Philippine carabao as compared with Phil-Murrah and Phil-Ravi crossbreds. In one experiment, each buffalo was simultaneously made to carry a pack load equivalent to 20% of its body weight and made to walk a premeasured distance of 6 km. This was repeated 12 times. In second experiment, each buffalo was simultaneously made to pull a sledge with a load equivalent to 50% of its body weight over a fixed distance of 1.6 km. This was repeated 20 times. Results indicated that, in general, the crossbreds were comparable to the Philippine carabaos as draught animals in terms of resistance to work stress and docility. There was no significant difference among the three genotypes in terms of initial and final pulse rates, respiration rates and body temperatures (PRT). As expected, the load stress increased the PRT significantly (P<0.01) after work within breeds. However, among genotypes, the differences were not significant indicating that all the three genotypes react similarly to work stress.

Garillo et al. (1987) compared the ploughing ability of the Philippine carabao and Phil-Murrah crossbreds steers. Four mature Philippine carabaos and four Phil-Murrah crossbred steers (weighing about 520 kg and 4-7 years old) were evaluated for draught power to plough under wet and dry land conditions. PRT changes before, during and after the ploughing were recorded. There was no significant difference (P > 0.05) between the ploughing ability of the Philippine carabao and Phil-Murrah crossbred in terms of depth, width and velocity of ploughing, as well as draught force and drawbar horsepower. Moreover, no difference was observed on the PRT measurements of the Philippine carabao and Phil-Murrah crossbreds as influenced by ploughing either under wet or dryland conditions.

Sarabia and Momongan (1993) evaluated the draughtability of the Philippine carabao and Phil-Murrah F1 crossbred under lowland rainfed condition. A total of eight untrained ntact buffalo bulls, four Philippine carabaos and four Phil-​Murrah Fl crossbreds, with an age range of 4-8 years, were used. The animals underwent a training period. They were subjected to back-riding, pulling sledge and ploughing activities. Their responses to back-riding and ploughing activities were not significantly different (P > 0.05). The Philipine carabao pulled the sledge continu​ously for 42.75 minutes, before it stopped and refused to move forward. The Phil-​Murrah F1 lasted for only 38.35 minutes. The difference in time was significant. The animals were subjected to draught activities such as pulling sledge and ploughing. Each buffalo was simultaneously allowed to pull a sledge with a load equivalent to 50% of its body weight until it refused to pull its load. Results showed that no significant difference was observed among the behavioural (first manifestation of refusal to walk) and physiological (onset of salivation and panting) responses of the two genotypes to stress. Furthermore, no significant difference in the ploughing ability between the two genotypes was observed in terms of pull (kN), draught force (kN), speed (m/sec), draught power (kW or hp), depth and width of ploughing and area ploughed/hour. This indicates that the crossbreds are adaptable to work as the Philippine carabaos when exposed to similar conditions.

Crossbreeding to combine draughtability and milk production 

During the past two decades there have been various attempts in different countries to cross swamp buffaloes with Murrahs to produce crossbreds for draught and milk production. Although buffalo crossbreeding and selection among crossbreds for milk production appear to be promising from the genetic point of view, it is worth​while considering the comparative economic advantage of milk production from buffaloes versus dairy cattle crossbreds or purebreds in many countries, especially in the south-east Asian countries. Buffaloes, both crossbreds and purebreds, on an average, produce less milk than, say, the Holstein crossbreds. For example, Murrahs in Thailand averaged 806 kg per lactation, while Holstein crossbreds in the same environment (F1 and F2) produced at least two to three times as much during the same year.

It is questionable whether a high priority should be given to the selection of swamp buffaloes for milk production. However, if the development goal is to improve the nutri​tion and health of rural people through upgrading of swamp buffaloes for household milk consumption, the breeding goal becomes a dual-purpose animal both for draught and milk production. Many reports indicate the superi​ority of crossbreds in milk production but information on their draughtability and acceptance by farmers is still lacking— 39% of the farmers in one region of the Philippines rated the crossbreds poorer than, 24% better than and 14% equal to swamp buffaloes.

It should also be noted that some part of the superiority of milk yield of the crossbreds over swamp buffaloes is due to differences in feeding and management. The performance of crossbreds under village farm condi​tions needs to be evaluated. What will be the nutritional requirements of working buffaloes if they are also used for milking? Can the village farmers provide the additional feeds required without negative socio-economic impacts on other aspects of farm production? These are some of the questions, which need to be researched upon before embarking on large-scale massive crossbreeding programmes with swamp buffaloes.

10.  Buffalo health

When compared with other domestic livestock, the water buffalo generally is a healthy animal. This is particularly impressive because most of them live in hot, humid regions that are conducive to diseases. The buffalo is a bovine and is susceptible to most of the diseases and parasites that afflict cattle. Although the reasons are not specifically known, the effect of diseases on the buffalo and its productivity is often less deleterious than on cattle in the same ecosystem.

Antibiotics and vaccines developed for cattle work equally well on buffaloes. As a result, treatments are available for most of the serious diseases of buffaloes, although some are not very effective for both.

The major cause of losses in buffaloes is due to calf mortality. Newborn buffalo calves, like bovine calves, succumb in large numbers to viruses, bacteria and poor nutrition. This is largely due to poor management during the calf’s first 2 months of life, e.g. depriving calves of mother’s milk and proclivity for wallowing which exposes calves to waterborne diseases. Further, a young one occasionally drowns when an adult rolls on the top of it.

In countries such as the Philippines, Vietnam, Kampuchea, Laos, Malaysia, Thailand, Burma and India, buffaloes, as reported by several workers, are highly susceptible to rinderpest, and may be even more so than the indigenous cattle managed under comparable conditions. In south-eastern Europe, however, the buffalo is relatively more resistant than the local cattle breeds.  In the broadest sense it seems that, subject to local and regional variations, the susceptibility of the buffalo to this disease increases from western to eastern Asia (Vittoz, 1951).  The clinical syndromes and autopsy findings are more or less similar to those observed in cattle.  However, the body-temperature curve in the buffalo is quite often erratic.  Clinical symptoms tend to be more acute and as a rule the conjunctivae are more severely congested.

In general, buffaloes are less susceptible than cattle to foot-and-mouth disease.  Nevertheless, severe outbreaks among buffaloes are not uncommon, and in countries like Laos and the Philippines more buffaloes were affected than cattle in some of the past epidemics.

Water buffaloes are highly susceptible to pasteurellosis, or haemorrhagic septicaemia,  caused by the bacterium Pasteurella multocida. Haemorrhagic septicaemia runs an acute course in buffaloes than in cattle and the oedematous form is more common. Buffaloes are more susceptible to it than cattle and die in large numbers when affected by pasteurellosis. A vaccine against pasteurellosis is effective in protecting both buffaloes and cattle; it is cheap and easily made.

Reports on the incidence of anthrax in buffaloes vary from country to country.  In Egypt the disease appears to be rare in buffaloes.  In India also the disease is less common in buffaloes than in cattle.  However, the situation is just the reverse in Myannar where buffaloes frequently contract the infection; this poses a serious danger to the elephants working in adjacent forests.  On some islands in Indonesia the disease occurs in a severe form and affects buffaloes more than cattle.

Several workers have reported that the buffalo is relatively less resistant to tuberculosis.  This is one of the most important diseases affecting buffaloes in Egypt, the incidence being higher in housed buffaloes in the southern region. Slaughterhouse examinations of carcasses in a Cairo abattoir showed that about 7% of the buffaloes slaughtered had tuberculous lesions.  Tuberculosis tests carried out in four representative areas in India on 44,519 cattle and 40,201 buffaloes under comparable conditions of management showed 4.7 and 13.8% reactors, respectively, in the two species (Lall et al., 1969).

The incidence of tuberculin reactors in India is higher in buffaloes than in cattle (Lall et al., 1969). Mammalian tuberculin evokes a stronger reaction in buffaloes on intradermal test as compared to that in cattle (Lall, 1946). Other strains of mycobacteria have been isolated from feral buffaloes and cattle in northern Australia but seem to have little effect on the animals. Tuberculosis occurs among buffalo herds of the world only because most of them are kept under unsanitary conditions.

Mastitis is one of the serious diseases of the buffalo, especially in countries where buffaloes are mainly kept for milk production.  A mastitis survey carried out on 690 buffaloes in nine dairy herds in different parts of India showed an incidence of 20.7% of sub-clinical or insidious cases and 2.4% of clinical cases.  In another random survey of 1.193 buffaloes in the northern part of India, Katra and Dhanda (1964) found an incidence of infection of 11% in the urban and 9% in the rural areas. The corresponding data for 3.097 cows were 10 and 7.5%.  About 98% of the cases were caused by pathogenic staphylococci and streptococci while the remaining 2% of the cases were due to other organisms.  In Egypt, incidence of mastitis in the two species was virtually the same (Wahby and Hilmy, 1946).  In one survey 9% of 860 buffaloes brought to the Cairo clinic were affected with mastitis (El-Gindy et al.,1964). Treatment and control programmes used for cattle are equally effective for buffaloes.

Brucellosis : Brucellosis is fairly common in buffaloes.  In a survey of 13,565 animals in military dairy farms in India, 10% of the buffaloes and 13% of the cows recorded positive reactors on serological tests. In Turkey, 42% of the 31 buffaloes and 39% of the 285 cattle, and in Brazil 41% of buffalo serum samples gave a positive reaction on agglutination tests (Golem, 1943; Santa Rosa et al., 1961).  In Egypt cultures of Brucella abortus were isolated from as many as 15% of 200 buffalo milk samples subjected to bacteriological examination (Zaki, 1948). In Indonesia, however, brucellosis is sporadic in buffaloes, although it is endemic in cattle. Brucellosis in Venezuela is increasing more rapidly among buffaloes than among cattle. As many as 57% of some Venezuelan herds are infected with the disease. It is a frequent cause of abortion in buffaloes. Serologic procedures and measures developed for the control of the disease in cattle are also effective means of curbing this infection in buffaloes. (Consumption of raw milk or contact with aborted fetuses may cause undulant fever in humans.)

Ticks : Buffaloes are notably resistant, although not immune, to ticks. Buffaloes appear to be less affected by ticks than are cattle. Warble infestation is also less prevalent in buffalo (Sen and Fletcher, 1962). In a tick-infested area of northern Australia only two engorged female ticks were found on 13 adult buffaloes during a two-year test. Accordingly, healthy buffaloes are not commonly affected by diseases borne by ticks nor are the hides damaged by their bites. Since ticks are rarely found on buffaloes, anaplasmosis, theileriasis and babesiosis (these are tick-borne) have little effect on buffaloes in the field. (Buffaloes and cattle are equally susceptible, however, if inoculated with East Coast fever, a form of theileriasis.) This is important because tick infestations in cattle are particularly troublesome in the tropics and the pesticides used to control them are becoming ineffective as the ticks develop resistance. The pesticides are also becoming expensive. The basis of the buffalo’s tick resistance is not known, but wallowing and rubbing may play a role in it; animals kept in experimental concrete pens in Australia have developed heavy tick infestation.

Screw-worm : Larvae of the screw-worm fly (Callitroga species), a major pest of livestock in Central and South America and some other tropical areas, do not affect adult water buffalo. In Venezuelan areas where cattle (zebu type) are severely infested, adult water buffaloes are virtually free of screw-worm larvae and the umbilicus of newborn calves seldom, if ever, becomes infected. The same is true in Papua New Guinea. It is thought that the mud plaster produced by wallowing suffocates the larvae. In India screw-worms do not affect water buffaloes either, and there they wallow in fairly clear water and the farmer usually washes them off.

Roundworm :  Neoascaris vitulorum is a commonly occurring helminth parasite of buffalo calves and can cause considerable mortality in young stock. The heavy losses of young buffalo calves throughout the world are caused, in large measure, by the roundworm Toxacara vitulorum. The calves are more susceptible than mature animals and they become infected before birth or within 24 hours after birth through the mother’s colostrum. The roundworm is the most serious buffalo parasite and in untreated calves the small intestine can get packed with worms to the point of complete occlusion. Anthelmintic drugs that control roundworms are highly effective and widely available.

The adult water buffalo appears to have a high degree of resistance to strongyloid nematodes. Being such excellent converters of rough fodders they do not suffer the nutritional deficiency and the resulting liability to these roundworms experienced seasonally by cattle.

Liverfluke : Fascioliasis, or fluke infection, is another important disease of buffaloes.  In India Fasciola gigantica infestation is predominant in the plains while F. hepatica is mostly confined to the hilly tracts.  In a survey lasting from 1949 to 1953 in Thailand, 7% of 29,421 buffalo livers were found to be cirrhotic due to fluke infestation.  In Singapore a large number of buffaloes imported from Thailand were found to be infected with liverfluke.  Fascioliasis is also common in the Ararat valley in Azerbaijan in the former USSR and in the Philippines. During wallowing, water buffaloes can easily become infected with water-borne infective stages of liverfluke (Fasciola hepatica). Although the number of flukes in a buffalo may be phenomenally high, no clinical signs of the disease are usually evident. It seems likely that the resulting liver damage reduces the growth, the work and milk production of buffaloes more than is genearlly appreciated.

Trypanosomiasis : Among the protozoan parasites, Trypanosoma evansi appears to be the most important for the buffalo, especially in Southeast Asia.  This micro-organism generally causes a latent or sub-clinical form of trypanosomiasis, but severe outbreaks characterized by high temperature, signs of abdominal pain and mortality 6 to 12 hours after the onset of the symptoms have also been recorded. The water buffalo is susceptible to trypanosomiasis and is reportedly more susceptible than cattle to Trypanosoma evansi. Experience with this animal in Africa is limited, but trypanosomiasis may be the reason why Egypt is the only African country that has traditionally employed water buffalo.

Heavy mortality in buffalo calves due to coccidiosis has been reported from India and Sri Lanka.

Other Parasites : The wallow and its resulting mud-cake seem to protect water buffalo from many biting files, but the main ectoparasite in Australia and Southeast Asia is the buffalo fly (Siphona spp.). Pediculosis, caused by the sucking louse (Hematopinus tuberculatus), occurs widely among buffaloes. Sarcoptic mange (Sarcoptes scabiei var.

Bubalus is a serious disease, especially among calves and during dry seasons when wallowing opportunities are restricted. The lungworm Dictyocaulus viviparus thrives in warm, humid areas and sometimes infects buffaloes heavily, although its outward manifestations are rare.

11. Management

Water buffaloes are easily adaptable and are managed in many ways. Given the system of husbandry followed in a country, the system varies from an intensive feed lot system of Asia and Middle East to that of ranching and herding in Latin America, parts of South East Asia (Malaysia, Indonesia and Philippine and Australia). In general, they are raised like cattle. But in some operations they must be handled differently. This section highlights these differences.

Water buffaloes are managed in “backyards” in Asia under intensive management system in herds of 2–50 animals by small and marginal farmers mostly by women, children and old folks and around urban centers in herds of 20–50. They exist on the resources of small holdings. Management and expenditures are minimal. Care of the family buffalo is usually entrusted to children, old people, or women not engaged in other farm duties; the buffalo allows them to be useful and productive.

The buffalo fits the resources available on the farm, but it is also an urban animal. Thousands of herds of 2–20 buffaloes may be found in the cities and towns of India, Pakistan and Egypt — all fed, managed, and milked in the streets generally called Khatals.

The buffalo has important qualities as a feed lot animal; it can be herded and handled with relative ease because of its placid nature. The buffaloes of the small and marginal farmers of India, Pakistan, Srilanka and Egypt are fed and milked by their owners under feedlot-like conditions in their villages. Many of Italy’s 100,000 buffaloes are maintained under similar conditions. Wherever buffaloes are raised as dairy animals for milk production, they are housed, managed and fed individually with great care.

As thermo-regulatory mechanisms are poorly developed in buffaloes, they suffer thermal stress during summer. Therefore, they need wallowing or splashing of water in order to keep their bodies cool. If this is not done, they show summer infertility or anoestrum. It has been found by researchers that buffaloes show normal heat and a normal oestrus cycle during summer due to water treatment. Generally for minimizing thermal stress during hot summer proper shelter/housing is provided in order to avoid direct solar radiation. Washing/Wallowing/Sprinkling/Splashing or showering of water is done to lower temperature.  Cool drinking water is provided along with cooling devices e.g. wet curtains or panels of air coolers or fans. Trees or landscaping around the shelter cuts down temperature. Feeding green fodder/silage/hay/is generally helpful and should be done at relatively cooler times e.g. morning or late evenings. Providing concentrate feed at night, grazing only if green pastures/grasslands are available. Regular mineral mixture supplementation also helps.

Shelter Space

Buffaloes need more standing space than cows. A shed measuring 24 sq. mt should be able to comfortably house six buffaloes. The walls of the shelter should be about 1.5–2 meters high and cement plastered. This will make them damp-proof. The roof should be 3–4 meters high in order to allow good ventilation. The roof can be supported on pillars. The floor should be hard, impervious and well drained to remain dry and clean. The manger (feeding space) should be 1 meter long, half a meter high with a depth of 0.25 m. The corners of the manger or feeding trough should be rounded to avoid injury and for easy cleaning. A common sprinkler should be provided in the loafing area and/or if possible a wallowing tank big enough to accommodate 6 buffaloes. The water in the tank should be clean. There should be regular and abundant supply of clean drinking water as well as enough water for splashing/sprinkling showering if wallowing tank is not provided. This should be done 3–4 times a day in summer; overcrowding of animals should be avoided.

Water requirement

Buffaloes require more water than cows. Water consumption is maximum in summer, much leser in winter and rainy reason. Normally a buffalo consumes about 75 liters a day of water, in summer as compared to 60 liters in rainy/winter season. The consumption of water has a strong relation with dry matter consumption, on an average each kilogram of dry matter consumed requires 5.5 liters of water during rainy season when humidity is high.

Calf mortality

The calf mortality in early age is very high under village conditions and at private dairies in towns and cities. Both diseases and negligence on the part of farmers are factors responsible for the heavy deaths in neonatal calves. Under artificial rearing, mortality can be reduced significantly. In the case of urban centres of production mortality is induced in calves in India, Pakistan, Bangla Desh and Srilanka. This is motivated by economy of avoiding calf raising. They are deleberately starved of milk and die due to starvation so that owners save the expenditure on calf raising for which they neither have space nor would like to invest in feeding. 

Care of Calves at Birth and Early Age

The following management practices should be followed at birth and during the early growth period to reduce the mortality.


1.
Immediately after birth the nose and mouth of calf must be cleaned of membranes in order to facilitate easy breathing.


2.
After cleaning the nostrils and mouth, calf should be left with the mother to lick it dry.


3.
Tincture of iodine should be applied at the end of broken umblical cord in order to avoid the risk of infection which may cause naval ill. In case of intact umblicus, it should be severed with a sterile knife at a distance of about 6–8 cm from the umblicus before applying the tincture of iodine.


4.
In emergency cases due to arrested breathing, measures should be taken to induce breathing by artificial means, i.e., by blowing air in the mouth of calf or by lifting the calf from its hind limbs with a sudden jerk, etc.


5.
In case of early weaning, calf should be removed immediately after birth in order to spare the dam from any distress at parting.


6.
A light bedding of straw, dry grass, wood savings, etc., free from nails and sharp materials should be provided to dam and calf. Dry ash is also used for the purpose in villages during rainy season in order to keep the Kuchha floor dry.


7.
Neonatal ascariasis is common in buffalo calves and arrangement for deworming should be made as early as possible, preferably in first week of life. A single oral dose of 10 adepate grammes piperazin hexahydrate is recommended for the calves.


8.
New born calf should void meconium in 4 to 6 hours of first colostrum feeding and first faeces is tarry in colour and consistency. This is followed by subsequent yellowish faeces at normal intervals of 6–8 hours.


9.
It is advantageous to keep new born calf in individual pen for the first 3–4 weeks of age. This allows more attention to individuals and the chances of naval sucking of each other are minimized. At about one month of age calves may be kept in a group of 20 to 30.


10.
At large dairy farms mark of identification should be put on the calf as early as possible. The colour of body which is mostly black is a great restraint for the identification. However, tatooing is done in the interior surface of the ear or on the ventral surface of tail because these places are less pigmented which lasts for 8–10 years.


11.
Body weight of calf is recorded on a balance along with length, breadth and height for the computation of milk allowance.


12.
Generally buffaloes do not attack human being. Even then as a measure of safety dehorning may be done during first 2 weeks of life. At present it is not in common practice.


13.
Vaccination against Rinderpest (RP), Haemorrhagic septicaemia (HS), black quarter (BQ) and anthrax should be arranged as per the advice of Veterinary Doctor of the farm or village.


14.
Supranumerary teats are not uncommon in buffalo heifers and such teats should be amputated during early life before wasteful development starts.


15.
For feeding of early weaned calves, clean and sterile utensils should be used.


16.
Antibiotic feed supplements may be advantageous in early weeks of pail feeding.

Some Important Principles to be Observed with Pail Feeding of Young Calf

The principles are given as follows :


1.
Treat each calf as an individual and calculate its daily feed allowance on the basis of birth weight, growth response and health.


2.
In order to avoid gastric disorders causing indigestion and diarrhoea, daily feed should be divided into 2 or more meals as per convenience and should be fed at equal intervals.


3.
Strict hygienic measures should be adopted. Milk containers, feeders, calf pans and other appliances should be clean and dry.


4.
Boil milk and then cool to body temperature (39°C) before feeding each time.


5.
Feed 3 to 4 times in first one week of age, reduce gradually to 2 meals per day by the end of second week and continue this upto 90 days of age.


6.
Feed correctly calculated allowance, avoid over-feeding during first month of age.


7.
If the calf is off feed, cut out next feed and dose with 30–50 cc castor oil.


8.
Plenty of fresh drinking water should be provided to calf in the pen at the slopy end of the slanted floor in order to avoid moistening of bedding and floor which may provide favorable environment for maggots, etc. and may also cause chilblain and pneumonia.


9.
Calves should be provided good quality hay, preferably a legume hay in racks.


10.
Deworm calf in first week of age for Ascariasis which has been reported even in newly born calves of less than 7 days age.


11.
Mix an antibiotic feed additive either in milk or in concentrate mixture

    12.  Maximum calving take place in rainy season when it is hot and humid in India. Care should be taken to keep calf shed well ventilated, lighted and dry.

Feeding of Bufalo Calves at birth

Age
Colostum/milk

Medication
Prevention

(days)
(litres)


against

1
2
(i)
Aureomycin or
Scour




Terramycin or Steclin or




nitrofurazone or Terramycin 




with antigen 77



(ii)
Sealing of Naval cord with
Naval ill




Tr. Iodine

2
2

Vitamin A supplement
Night blindness




(Revisol, Rovimix, Vitablend,




Fish liver oil)

3
2
(i)
Piperazine adepate
Ascariasis



(ii)
Enterovioform
Dysentery

7
2

Piperazine adepate
Ascariasis




(if not given on 3rd day)


8 to 11
2

Sulmet
Coccidiosis

Source : Bhosrekar, 1993

At 3 months of age a calf will eat 1.5 to 2.0 kg calf starter daily. In order to minimise the effect of weaning (removal of milk from the ration) milk/skim milk is gradually reduced to zero level by the 60th day of age.

Teaching the Calf to feed

Suckling calf hardly needs any assistance. In case of early weaning at birth or within a week of birth, it becomes necessary to teach the calves pail feeding. Usually buffalo calves are lazy and slow in learning to drink milk from the pail, basin or bucket. The scheduled quantity of boiled milk should be poured in the clean or sterile feeder after cooling to body temperature (38–40°C) and then container should be moved to calf so that the milk touches the muzzle of the calf. The calf is trained by allowing him to suck the finger of the operator so that he may be gradually guided towards milk in the container (pail/basin). Once calf sucks a little milk,  it becomes easier to guide him to feeding. It takes 2 to 7 days to teach a buffalo calf pail feeding.

Exercise. Weaned calves under loose housing get sufficient opportunity for excercise. When calves are housed in calf pens individually, provision should be made for a common paddock in which calves may be let loose after milk feeding. Hay may be offered in paddock. Arrangements for sufficient drinking water and shelter from sun rays are important for buffalo calves because of their highly pigmented skin and coat. Buffaloes calves like their parents are very fond of wallowing and they enjoy it for hours without any adverse effect on health.

Training to lead. Buffaloes are tied only in stalls and they need little training for roping. Training a calf for leading should be started at about 2–3 months of age. In villages, calves are tied with a rope noose in legs during first month of age. Rope is changed to all the four legs alternatively. After about 3–4 weeks of age they are allowed to follow the herd for grazing. Rope halter training helps in controlling, and restraining of animals.

Housing of calves up to 3 months of age. Houses of young calves should be clean, dry, well ventilated and comfortable during all seasons besides being economic. Housing is as important as feeding during early age of artificial rearing of calf. Inferior housing may prove disastrous causing heavy mortality by infectious diseases under unhygienic environment. There should be adequate light and ventilation to prevent dampness in the calf pen. In villages calves are tied in a corner at some distance from the dam during first 2–3 weeks of age and then moved to manger where they learn to eat fodder in company of other animals. At organised farms specially designed houses exclusively for calves are built. Calves are kept either individually in small pens of 1.0 meter × 1.5 meter size or in stalls in single or double rows with partitions for individual calf. Housing of calf in individual pens during first 3–4 weeks of life provides opportunity for individual care and an illness can be detected easily. The chance of naval sucking, a vice of young calves, is also minimized. After about one month of age, calves of both sexes may be kept together in groups of 10, 15, 20 or more calves in single or double row stalls.

Dehorning of young calves. The process by which horns of animals are not allowed to grow is called dehorning. Clinical dehorning is also done in case of broken horn and diseased horn. The latter is generally called as amputation of horn. 

Methods of dehorning

Dehorning is usually not in practice for buffalo calves, however it may be done by any of the devices like hot iron, caustic stick and electrical dehorning cone. With the help of these devices, horn buds are destroyed at the very early age. Dehorning, when required, should be done within one month of age in order to avoid excessive bleeding, labour and inconvenience to calf. Horns are very helpful for the identification of breeds of buffaloes and dehorning is not normally practiced.

Merits of dehorning


1.
The danger of injury by sharp horns is avoided and handling needs less care.


2.
Less space is required by the animals and they may be kept in groups under loose housing system.


3.
During fight between them chances of bruising and tearing do not arise, which cause economic loses and reduce the quality of hides.


4.
Chances of horn diseases due to fracture of horns and consequent infection are minimized.

Demerits of dehorning


1.
Animals loose their natural appearance.


2.
Horns of buffaloes are specific breed characteristics in most of the cases and dehorning will vanish this important character of Murrah, Zaffarabadi, etc.


3.
Animals loose a defensive mechanism provided by nature.

Identification

Small farmers do not practise a specific marking system for their animals except that they know their animals and can identify them individually by their age, nature, gait, structure and production, etc. At large farms identification is practised. Limited methods of marking can be used for buffaloes because of pigmented skin.


1.
Ear notching. Notches cut in the pina of ear represent a number depending on its location and side. It is an easy method of identification.


2.
Number tags. Large numbers allotted to animals and engraved on a smooth metal piece is fastened in the neck collar like a locket. Bright contrast colours are used for pinning the number plate so that it will be visible from a reasonable distance.


3.
Ear tags. Metalic and plastic ear tags having numbers in series or as per requirement of the farm are being used for the identification of animals.


4.
Tattooing. It may be followed for buffaloes also but sites are limited, i.e. inner surface of pinna and under surface of tail. This is a permanent marking and lasts with site.


5.
Branding. Dorsal surface of hoof or horn may be used for the branding of number with red hot metalic marks hot branding is done generally on hind quarters.

Space Requirements of Heifers

Physiological
Floor space (m2)
Manager length

stage
Open area 
Covered area
(cm/animal)

Young heifers
5
–
6
1.0
–
1.5
40
–
50

Pregnant heifers
8
–
10
3
–
4
50
–
75

(early preganancy)

Pregnant heifers in 
Kept in calving pen during the last fortnight and after

(late pregnancy)
parturation should be moved to lactating animals shed.

Source : Bhosrekar, 1993

Removal of Supernumerary Teats from the Udder of Female Calves

Occurrence of supernumerary teats in buffaloes is not uncommon and it has been observed in about 30 per cent buffaloes (Dwivedi, 1966). Usually supernumerary teats occur on the posterior surface of one or both rear teats but they are reported from other teats or sides of the udder also. The extra teats are of no use, besides they disfigure the normal udder, hence such teat (teats) should be extirpated surgically at an early age (1 to 3 months). It is very easy to cut off extra teat with the help of a sharp pair of sterile scissors as there is no bleeding in most of the cases and if it bleeds it can be controlled easily by applying some pressure for 3–5 minutes. Tincture of iodine or any antiseptic lotion or cream should be applied on the wound after the removal of extra teats. In case of a double teat where base of the normal  teat is involved, assistance of a veterinary surgeon should be taken so that there is no risk to damage the teat canal which may be blocked during the process of healing of the wound.

Calf diseases
Mortality in young buffalo calves is a serious problem under village conditions as well as organised farms. Buffalo calves when young are lazy and slow and require more attention of the herdsman. Any negligence in feeding and management results in heavy loss of animals. About one-fourth of calves are lost in first 3 month period in India. Mortality is more in male calves and that is because they are neglected by the owner from the very first day of birth. Pneumonia and gastroenteritis have been found to be a serious cause of calf mortality.

1. Pneumonia. It is one of the major causes of mortality of young calves specially during rainy season and winter. The mortality due to pneumonia have been reported to be 33.8 to 41.3 per cent of total calf mortality (Verma and Kalra, 1974; Sharma et al., 1975).  The predisposing factors are poor health, exposure to draft, wet bedding and dampness in the house, and weakness due to other diseases. The infection may be viral or bacterial. High temperature (103°–106°C) associated with copious nasal discharge, coughing and rapid breathing are the apparent symptoms. The muzzle becomes dry and dull. Infected calf should be immediately removed to isolation house and pen/stall should be thoroughly cleaned and disinfected. Sick calf should be kept in a warm, dry house and veterinary doctor must be consulted for the treatment.

2.
Gastroenteritis. (Diarrhoea, Scour, Enteritis, etc.) This is another and equally fatal cause of neonatal mortality in buffalo calves. The incidence at organised farms has been found to be 32 — 35 per cent (Verma and Kalra, 1974; Sharma et al., 1975). It may be non-infectious due to indigestion following overfeeding or due to feeding of spoiled grain mixture and hay, or it may be infectious scour caused by virus, bacteria or parasites. Symptoms are severe diarrhoea, yellowish white faeces with very offensive smell. In severe cases blood and mucus also appears in the faeces. These are followed by prostration, extreme weakness, dehydration and death. Treatment should be done as per the advice of veterinarian.

3.
Ascariasis. Death due to heavy load of round worms is very common in young buffalo calves in villages. The incidence of Ascariasis has been reported in neonatal calves. Deworming at about one weak of age has been found to be very effective.

Records to be Maintained

The following records should be maintained for having a complete account of the calf.

1.
Calf register. The calf at birth should be entered in the register giving the details of birth, date, month, sex, body weight, identification number, dam number and sire number. This register should also contain complete information regarding the fate of calf and utilization or disposal.

2.
Animal history card. A history card of calf should be prepared on the date of birth and it should contain complete details, viz., number, name, date of birth, sex, pre-medication, vaccination, etc and subsequent history.

3.
Health card. It may be maintained either at the farm or in the Veterinary hospital depending upon the convenience and approved practices. This card contains detailed information of sickness and treatment given to calf from birth onwards.

CARE AND MANAGEMENT OF HEIFERS

Buffalo heifers are the valuable replacement animals and receive special attention of farmers right from the date of birth. Care and management significantly influence the production performances of heifers. Under village conditions, the age of heifers at first conception varies widely depending upon the feeding and management practices. The average age at first conception is 18–20 months under good management. Buffalo heifers under good management conditions calve at about 30–36 months of age and 300–350 kg body weight. Mean daily gain in body weight from 12 weeks of age to 12 months of age is around 500 g/d. The average body weight of farm bred buffalo heifers at one year of age ranges from 200 to 300 kg depending on the breed, climatic conditions and region.

Age at First Calving

The age of buffalo at first calving varies from 30 months to over 60 months. The average age of water buffaloes at first calving is higher in tropics than in temperate climate of former Soviet Union, Bulgaria and other countries. 

Housing of Heifers

At about 6 months of age heifers should be moved to more spacious sheds meant for growing animals. In villages and at small farms it is a prevalent practices to tie the heifer (other animals) with rope. The house is generally made of mud walls with kacha floor and tiled roof, it could be made of thatch or bamboo, in some cases it may be pucca brick work with concrete floor.

1.  Loose Housing

At organised dairy farms heifers are usually kept under loose housing system with a shed for feeding and shelter during extreme climates. The floor space requirement of growing heifers at various physiological stages are given below :

2.  Conventional Houses

They are standard stalls with facilities for feeding, watering and grooming of individual animals. The shed is partitioned at about 1.5 meter distance with galvanized iron pipe of 5 cm diameter into several compartments in order to keep the animal confined to his own area and to avoid any injury specially to udder and teats from the neighboring animals. This also facilitates the management of individual and special feeding without much investment on labour. This type of stall is also harnessed with a stanchion for each animal to fasten their neck. In a second type called ‘Tie stall’ animals get more comfort as the floor space is not partitioned. In this type of stall a little more floor space has to be provided to each animal.

Factors Affecting Growth Rate of Heifers

Water buffaloes of all breeds when let loose for grazing like to wallow in water for a long time specially during summer. They wish that they should be provided maximum time for wallowing or arrangement for water sprinkling over their body should be adequate.

1. Fodder

On ad libitum feeding of legume forage like berseem, lucerne,  cowpea and weed like Ghiabati (Ipomoea pestigridis) growing heifers, may gain about 370 g daily. Supplementation of a small quantity of energy rich concentrate mixture significantly improves the rate of daily gain in body weight.

2. Effect of shelter and water sprinkling 

Buffaloes are very fond of wallowing. However, under limited conditions of intensive rearing or keeping of small herds in towns and a few head (1 to 5 or more) by farmers, it is not practicable to provide wallowing ponds; and under such conditions animals are washed once or twice a day depending upon the atmospheric conditions or water is sprinkled on the body. Water sprinkling has a significant effect on the growth of heifers. Similarly if the shelter is provided against direct solar heat, growth performance is dramatically improved, particularly if shade is provided by thick foliage of large trees.

Feeding of pregnant heifers in the last month of gestation

The requirement of feed and nutrients of heifer increases significantly depending upon the milk production capacity. When production potential of dam of the heifer concerned is not known, average of the breed is used for the calculation of rations of heifers in the last month of pregnancy. Usually, when straws and poor quality hay are the roughage source, pregnant heifers are fed 1.5 to 2.0 kg concentrate mixture depending upon the availability of small amount of greens. The concentrate feeding should be increased gradually during 15–20 days before calving to 4–5 kg per day for a milch breed of buffalo.

Care of heifer at parturition

The mean gestation length in Murrah buffaloes has been reported to be 306 days. Remove the heifer to disinfected loose box 2 weeks before calving. Three days before calving, feed a laxative and light ration, increase proportion of bran and molasses in the diet. Monior 4 hourly before 2 days of calving. The actual calving takes 2 hrs, watch it from a distance as heifers tend to be nervous. In case the foetal bag is not reptured, tear it open, in case of delay in delivery call a veterinarian immediately. After the delivery, give the heifer a bucket full of fresh tap water followed by warm mash made from bran, cracked wheat or corn, malasses, salt, ginger and mineral supplement. This will restore vigour and help in cleaning the bowels. The placenta is expelled 4 hrs after delivery, it shoud be removed and immediately burried, otherwise heifers are known to eat it and thus suffer from impactation of rumen. If the placenta is retained for more than 24 hrs call a veterinarian.

Care and Management of Bull Calves

In India male buffalo calves are neglected from the very first day of their life and those who survive the stress of bad management, insufficient feeding and neglected conditions are used either for drought purposes or slaughtered for meat. Normal male buffalo calves are allowed full feeding on udder only for 3–5 days after birth and thereafter they are just allowed to suckle for 2–3 minutes to stimulate the let-down of milk. This practice of milk feeding to male calves is followed as long as they survive. This practice is common in small private dairies of towns. The average birth weight of male calves of Indian buffaloes is 30 kg and they reach hardly 100 kg of body weight at about one year of age under neglected feeding and management at most of the farms whereas heifers maintained at organised dairy farms reach body weight of  200–250 kg at the same age. The wide difference in the body weight at one year of age is clear identification of negligence in the case of management of male calves. Studies on rearing of male calves for producing breeding bulls under standard feeding and management practices show that they attain a body weight of 250–300 kg at about 24 months of age and can be given training for semen collection. However, actual collections are taken at about 30 months of age.

Purpose of rearing bull calves

Bull calves of buffaloes are reared mainly for the following 3 purposes :


1.
Selected bull calves are reared for future breeding bulls to be used for natural service or artificial collection at the insemination centres and semen banks,


2.
Bulls calves are reared for draught purpose mainly in humid paddy zone, and


3.
The third purpose is for the production of meat.

The selected bull calves to be reared for breeding purposes need special housing and management. The other bull calves may be reared similar to that of heifer calves after 3 months of age. The bull calves to be used for ploughing and other traction works may be castrated at about one year of age and those to be fattened for slaughter should be fed liberally good quality feeds and fodders for faster growth and earlier  finishing. Economy of production and availability of feeding stuffs should always be kept in mind. It is economical to house them in groups in loose housing system with adequate provision of shade for extreme summer and winter seasons.

Care of the breeding bull calves

At about 5–6 months of age bull calves should be separated from the heifer calves and then should not be allowed to mix with the heifers and non-pregnant buffaloes. At this stage bulls require special training so that they can be led to dummy for semen collection or may be moved conveniently in a show ground if needed. Head collar or neck roping should be used for a short time in the beginning to lead on a street or road, etc., at short intervals of 3–45 days so that they can move in hand freely and normally. After 5–6 months of age bull calves should be exercised for 30 minutes in a group in a bull exerciser or at a suitable place meant for exercise. In the beginning a seasoned bull should be used to lead the young ones for few days.  The period of exercise should be increased gradually to about 1 hour per day which is adequate for the bulls in regular use. A sheltered area of 5–6 square meters after one year of age is ideal for diversified climatic conditions of India. Bull calves can be kept in groups of 10–15 animals up to about 2 years of age in loose houses with adequate open space.

Bull calves should be fed liberally a fairly rich ration consisting of grain mixture and good fodder to ensure a daily gain of 500–700 g in body weight so that they may attain a body weight of 300–350 kg at about 2 years of age to be used for breeding purposes.

Insertion of nose ring/nose string

For easy control and handling of bulls, a metallic ring or rope string is inserted in the nose through the cartilage of nasal septum. In India metallic rings are inserted in the nose of breeding bulls and rope strings are used for working bullocks/bulls. The ring should be placed conveniently in the young bull calves of 8–12 months of age. The nose ring is made of non-rusting metals like copper and brass for young bulls and gun metal for adult and unruly bulls. A light or medium weight ring of 5–6 cm diameter is inserted in the young bulls which is replaced by a heavier ring of 6–8 cm diameter at about 2 years of age. Extra rings should be kept in hand for immediate replacement in case of breakage or loss.

Ringing of bulls is not difficult and a ring can be inserted by a skilled farmer. The bull calf is secured in a stanchion and the sterilized trocar and cannula is used to put the ring in place. The one open end of nose ring is put in the left side hole of cannula and pushed forward so that the attached end of ring comes out to other side. After this cannula is  withdrawn and ring ends are closed and fastened tightly with the help of a screw. Usually ends of ring and screw are smooth but if they are observed to be rough after insertion then they are smoothed with a file or sand paper. After putting the nose ring it takes about 8–10 days for healing and bull should be tied or led only after complete healing, in order to avoid further injury and delay in scar formation. In village condition large sized needle with wide eye at distal end is used for inserting rope string in the nose of working buffaloes. Rings are also available with sharp pointed end which pierce the cartilage when pushed at the time of insertion.

Occasionally an unruly bull pulls the ring out of nose tearing the nasal septum. There is no perfect remedy for such accidents, however, a gentle bull can be controlled and led with the help of a head collar. In some cases rope string passing a little high in the nasal septum and tied behind the horns may serve the purpose of handling and leading.

Management of Pregnant Cows and the Down-Calvers

Proper care and management of the herd are the key of success in dairy industry. Special attention of farmer is required for the watchful care of pregnant animals during the last quarter and at calving time so that animals should be in comfortable condition.

On an average Indian buffaloes carry their calves for a period of 305 days but gestation period may range from 290 to 320 days from the date of service (conception). At organised farms where large number of animals are maintained it is very essential to keep records of each female individually. The following care should be taken for pregnant cows and down calvers :


1.
Calculate the approximate date of calving from the breeding record of the cow and move her to calving box about 3–5 days in advance.


2.
The calving box should be thoroughly washed and disinfected.


3.
Buffaloes in second and higher parity should be dried at least 6–8 weeks before calving. For drying off the buffaloes quantity of concentrate mixture should be reduced to zero and poor quality roughage should be fed for 4–5 days. Simultaneously milking should be reduced from twice a day to once a day which should be stopped in 7–10 days period. This is required only in case of good yielders.


4.
Buffaloes should be fed liberally rich ration during the rest period of 6–8 weeks in order to bring them in a good state of flesh at freshening. With good quality fodders about 2–3 kg concentrate mixture should be fed to good yielders.


5.
During the last 10–15 days before calving buffaloes should be fed a mild laxative diet consisting of plenty of green fodder, hay or silage. In case of dry fodder feeding, a concentrate mixture containing wheat bran and groundnut/linseed cake in a ratio of 2:1 or crushed barley should be fed at a rate of 1 kg per head.

Caring for the cow at calving

Calving in general sheds and milking parlour is undesirable. At large farms special sheds of 9–10 square meters closed area known as calving boxes are made to put cow a few days before parturition. About 7–10 days before the expected day of calving, a calving box is cleaned thoroughly after removing previous bedding and manure, if any. The house is disinfected with a suitable disinfectant and sufficient quantity of slaked lime is spread at the entrance and exit. A light bedding of straw or wood savings is provided during summer and rainy season and a little thick bedding is required in winter. The calving box should be kept dry specially during winter and rainy season in order to avoid chilling. Direct air/draft should be avoided in cold weather. If calving box is not warm enough, cover the body of buffalo with a rug. Little attention is required in summer months.

Usually parturition is normal in buffaloes and they should not be disturbed they should be left alone for calving. However, buffalo should be observed from a distance at intervals of 30–60 minutes. In cases of unusual delay in parturition and suspected dystocia, a veterinary surgeon should be called without any delay for examining and assisting the buffalo.

A buffalo is generally thirsty after parturition and she should drink a large quantity of water if given free choice. In hot weather fresh drinking water should be provided liberally but in cold weather it should be warmed to body temperature before offering so that chilling is avoided.

The feeding of laxative diet which started a few days before freshening should be continued for few days and feeding schedule should be changed gradually in 7–10 day period.

Usually placenta is expelled within 6 hours of calving but in few cases it may take a little more time. If it is not expelled after waiting overnight, say 20–24 hours, a veterinary surgeon should be called for necessary assistance. Any negligence may prove very harmful as longer delay in explusion will cause decomposition and poisoning of the entire system resulting in drastic fall in milk production and other breeding problems.

It may be ensured that the calf has received colostrum within 4 hours after birth. Weak calf should be assisted in nursing.

Milking a first calver

Usually the milking of buffaloes which have calved for the first time needs a little special attention of the milker in handling and approaching. Buffaloes are easily trained in comparison to cows and they can be milked in a milking shed or elsewhere. It is a common scene in Indian towns to see the door to door milking of buffaloes by the small dairy keepers. At large farms the following training should be given to all pregnant heifers during calving.

1.
 Heifers should be taught to enter milking stall in a queue. For this purpose they should be led by 3–4 experienced buffaloes.

2.
In the milking stall each heifer should be assigned a definite place and she should be brought every day to her assigned place only.

3.
About 15–20 days before calving the milker is required to spend a few minutes with each heifer and heifer should be gently approached by patting on the back or loin. In due course her udder and teats should be gently rubbed and pulled.

4.
Pregnant heifers and buffaloes after calving should be handled gently otherwise it may be difficult to milk a hard milking animal easily. Shouting or striking the cow is always harmful for the farmer as such treatments lead to holding of the milk and thus the lowered yield on that day.

5.
Udder is very tender at first calving and it should be approached gradually and gently so that the buffalo is not hurt or annoyed at milking.

6.
After milking buffaloes should be taken out of the milking stall in an orderly manner.

The problem of short teats is rare in buffalo heifers and if there is a case of short teats it can be corrected to some extent by regular pulling and stripping every day for few minutes about 3 months before calving. However, this practice should be stopped about 2–3 weeks before calving to avoid milk formation in the udder.

Management of Dry Herd

The length of lactation period in buffaloes varies from 8 to 10 months and calving interval from 11 to 18 months. Thus, a dry buffalo has to be maintained for an average period of about 5 months (2–8 months) before the next calving. On good quality pasture no extra feeding of concentrate is required. Good grazing for 6–8 hours will be sufficient to meet the requirement of dry pregnant buffaloes. In rainfed areas supplement feeding is not needed from July to October. November and December are the lean periods in Central and Western India and during this period wheat bhusa, paddy straw and stovers of sorghum, maize or pearl-millet form the main roughage part of the ration. Under such conditions about 2–3 kg concentrate mixture should be fed along with ad libitum roughage. From January berseem and oat fodders become ready for harvesting. About 20–35 kg green berseem and 3–4 kg wheat bhusa or other poor quality roughage should be fed to dry and pregnant buffaloes.

In village condition autumn is a natural breeding season, however by providing shelter and water sprinkling/wallowing facility normal breeding performances and fertility have been observed around the year. Hence, non-pregnant dry buffaloes and breedable heifers should preferably be provided protection from solar radiation by providing shelter and water sprinkling/wallowing so that unnecessary delay in breeding can be avoided.

Buffaloes in their last 6–8 weeks of gestation period should be separated from the dry herd and should be fed on the basis of their previous lactation performance or expected yield. This feeding is known as “streaming up” which is followed by a “lead feeding” of 7–10 days period. Lead feeding is required only for high yielding females producing 20 liters or more milk per day.

Management of Bulls

A breeding bull is said to be half of the herd as it sires the whole herd. The bull should be reared under optimum management conditions from the early age so that it is gentle in behaviour. The training to lead the bull is given from the young age of 8–10 months by a skilled bull attendant. After about 9–10 months of age selected bulls are housed individually in bull sheds. The following steps are needed under standard management practices.

Housing and exercise of the bull

By nature buffalo bulls are gentle in behaviour but sometimes a few may become vicious. Vicious bull should be kept under proper scrutiny in order to avoid injury to some one. A sufficient large-sized shed with 10–12 square meters covered area is ideal for mature buffalo bull. The shed should open in an adjoining paddock of 15–20 square meters in size  fenced with galvanised iron pipe, wooden logs (balli), barbed wire or a wall of bricks and cement to a height of 2–2.5 meters. The stall should be fitted with a stanchion for holding the bull during cleaning of the stall and washing of the bull. However, for most of the time a bull should be let loose to move freely in the paddock and stall. If it is necessary to tie the bull, arrangement of a heavy neck strap should be made and use of nose ring for daily tying should be avoided. Arrangement of a shower bath in the stall will be good for convenient washing of the bull. The floor of stall is made of bricks or roughened concrete work with sufficient slope for efficient drainage. Paddock should have a good levelled ground. In Indian climatic conditions a Kacha ground is economical and quite suitable provided a proper drainage is provided to avoid mud and filth in the barn. Brick paving is desired at places where soil is not suitable. This  also reduces labour on cleaning and maintenance. Usually heavy bedding  is not required except for 3–4 months of winter during which direct wind and draft should be avoided. Bull should be let loose on pasture or in paddock to have sufficient exposure to sunlight.

A bull should be given regular exercise at a fixed time on an open ground or bull exerciser. All bulls of a farm except the unruly bulls, if any, should be led in a queue in orderly manner. Fast walking, jumping and running for about an hour in open ground or fast movement in circle in a bull exerciser for 50–60 minutes every day is enough to keep the bulls active and healthy.

Feeding and watering the bull

An adult bull should be fed as per requirement only. Grazing of 6–8 hours on good pasture is adequate to maintain the health and vigour. A bull on stall feeding should be fed 15–20 kg green fodder or silage, 6–8 kg wheat straw/paddy straw and 2–2.5 kg concentrate mixture. Buffalo bull should be provided liberal amount of drinking water and it should be washed at least twice in summer.

Controlled use of the bull

Age and body size both are important points to be considered before putting the buffalo bull to service. A bull should not be allowed to serve a buffalo or used for semen collection unless it is about two years of age and 300–350 kg body weight. Use of young bull should be limited to twice a week for semen collection or mating two buffaloes per week. However, mature bulls of over three years of age may serve one female a day during the breeding season and collections may be made on alternative days. It is better to use the bulls on alternate days for natural service also. Too frequent use of bulls for longer period is often responsible for aspermia or nonmotile semen which leads to non-fertile service. During breeding season bulls should be kept away from the females under strict security. Movement of bull with the herd reduces its vigour and it is difficult to record the date of service of the buffalo and her identification. In India, two types of bulls are found, one donated by the public and others maintained at the artificial in semination (AI) centres of animal husbandry departments. The former type of bulls generally move along with the buffalo herds in the villages for breeding purposes.

Management of the unruly bulls

Almost all good breeds of Indian buffaloes are gentle and docile. However, sometimes a bull becomes vicious. A vicious buffalo bull is troublesome and difficult to control. Usually they are disposed of to be slaughtered or used for traction purpose after castration. Sometimes a well-bred bull is retained under strict security. Unruly bulls are kept in a strongly built stall and mostly they are kept tied in the heavy chain of iron. Two experienced and strong attendants are needed to lead such bulls for exercise and semen collection. Sometimes large size paddock is provided adjacent to bull stall with breeding facility and such bulls are used only for natural service.

Rotation of the bulls

In villages one to five female buffaloes are kept by the farmers and in milk colonies of towns usually 20–30 lactating buffaloes are maintained. Mostly breeding facilities through AI have been provided by the Animal Hubandry departments of the States. Indeed dairy farmers having more than 20 heads of females maintained a bull for breeding. Departmental bulls at AI centres are shifted from one centre to another after about 3 years of services at one centre. This practice is followed for avoiding inbreeding. At larger dairy farms several bulls are maintained and breeding is recorded, hence chances of inbreeding are only rare (accidental). At such farms bulls are retained for many years. A buffalo bull can be used up to 10 years of age with fair potency. Muscular strength and desire continue up to 15 years of age but the number of unsuccessful services increases frequently after 6–7 years of age (Cockrill, 1974).

Management of bullocks

Castrated as well as entire male buffaloes are used for draught purposes in India. Buffalo bullocks are used for ploughing the land, thrashing the grains, pulling the cart and other traction purpose.

Training

Buffalo males of 24–30 months of age and about 300 kg body weight are yoked with an old and experienced bullock. The yoke is connected with a fairly heavy wooded log with the help of a rope or iron chain and then the pair of bullocks are driven in a field. While training, the owner talks and pats the animals and at the end of the exercise they are hand fed. After a few days of empty yolk training when bullock becomes easy to be led, it is introduced to plough or cart yoke again with a trained bullock. Bullocks are normally trained in 3–4 week period for most of the agricultural operations but it is advantageous to take light work in the first year of training. Cockrill (1974) has referred two instances of buffaloes continuing to work until the age of 40 years. On an average buffalo working life is 20 years but it is not uncommon to see older animals at work.

Buffaloes are used to work for 6–10 hours a day. During summer season solar radiation is avoided because it is hard for black coloured animals to work and stay in the sun for longer period. After work bullocks should be given rest for ½-1 hour before watering and feeding. Liberal quantity of fresh drinking water should be offered to the animals after return from the work. The ration of bullocks should be adequate both quantitatively and qualitatively depending upon the body size and work load. After working, bullock should be given at least equal number of hours for eating, drinking and resting.

Shoeing of bullocks

Unshoed bullocks should not be put to work specially on gravelled and metalled roads for carrying heavy loads otherwise severe injury to sole will render them unfit to work for several days. This is uneconomical for the owner and painful for the bullocks. Various types of iron shoes are used in different parts of world and local farmers put shoes to animals in the markets and shoeing shops. In villages mobile farrier’s services are utilised for this purpose. In several countries shoes made of wood are also used.

General management practices
1. Grooming

Grooming keeps the animal clean and helps in the maintenance of their health. Daily grooming helps in detecting illness and injury in the buffaloes. The face, eyes and nostrils of all the animals should be cleaned in the morning with the help of a clean cloth or towel and body should be brushed gently with a dandy brush and curry comb or straw/hay pad. Angular parts of the body, inguinal region, thigh, udder and grooves of hooves should be cleaned thoroughly.

2. Regularity in Daily Operations

As far as possible grooming, feeding, watering, washing, exercise, etc., should be scheduled and followed.

3. Kindness in Handling

Domesticated farm animals are not beasts and they should be handled gently. Rough behaviour, shouting and beating of lactating buffaloes cause lowered milk production on the day which is an economic loss to the owner.

4. Wallowing/Bath

Buffaloes like wallowing in fresh water and they wallow in herds, in rivers, ponds and other waters. One can see buffaloes herd wallowing in a group of 5–10 animals clustered together. When sufficient water is not available specially in summer months, buffaloes lie in the muddy water to keep their body cool.

At large farms wallowing tanks are provided and animals in small number are washed once or twice a day depending upon the atmospheric temperature. At some farms shower bath facility has also been provided.

5. Shelter

Buffaloes dislike hot sun and severe cold and they should be protected from the extreme climatic conditions. Protection of animals from direct solar radiation has been found to increase the breeding performance of female buffaloes and libido in bulls.

6. Culling

Uneconomical and surplus buffaloes should be identified and disposed of. Sterile females and non-working bullocks find their way to slaughter house. Young breedable surplus animals are sold in weekly bazars and cattle fairs.

7. Control of Flies

Flies in stall are a serious nuisance to buffaloes. Cleanliness and hygienic maintenance of stalls keep the flies away.

8. Heat Detection in Females

The oestrus in buffaloes is detected with the help of a teaser bull which is paraded from one buffalo to another in the stall once in the morning and again in afternoon or a teaser bull is let loose in the herd of females in loose housing for about an hour. Buffaloes come in heat all round the year but the occurrence is highest during August to March.

Most of the buffaloes show the sign of heat during night and it has been found to be maximum between 0 and 1 hour followed by 20 and 21 hours. In more than 60 per cent buffaloes heat has been detected at night. The signs of normal heat is also weaker in buffaloes. The duration of heat has been observed to be 48 hours or more in 94 per cent Murrah buffaloes, 87 per cent nondescript buffaloes and 91 per cent Murrah heifers. Timely detection of heat and insemination of animals at right stage is very important for maximum conception. On the basis of the cervical mucus crystallisation pattern the breeding performance has been found to be highest when animals were inseminated in the heat stage.

9. Clipping

The coat (hairs) of buffaloes is clipped in the month of April-May in order to keep the ticks and lice away. Any infestation of ectoparasite is easily detected.

10. Control of Vices

The common vices of kicking, sucking their own teats or teats of other cows, licking and naval sucking observed frequently in cattle are rare in buffaloes. If a buffalo has developed some bad habit it should be corrected.

(i) Kicking

It has been observed that some times first calvers do not allow milker to touch and milk the udder. Such animals are trained for milking by a skilled milker who easily controls the kicking by fastening the hind legs above hock with a cord in a shape of 8. Sometimes due to soreness teats and udder become sensitive and painful to touch and such conditions should be treated properly by a qualified  veterinary doctor.

Unusual noise, presence of strangers or dogs/cats are a few other causes which frighten the animal. A frightened buffalo should not be beaten and should be dealt gently.

(ii) Sucking

This is also rare in buffaloes but sometimes one may come across such animal which sucks her own milk or the milk from other lactating animals. This causes reduced milk production which is an economic loss. This habit is controlled by the continuous use of anti-sucking devices like nose-plate or a cradle.

(iii) Licking

Licking is a natural phenomenon of dams which lick their calves at birth and during milking. However, an animal of either sex may develop the habit of licking their other companions. This causes ingestion of hair which may accumulate in the stomach and form hair balls. This may cause indigestion and other gastric disorders. Licking can be prevented by using a pinch of salt on the tongue continuously for several days.

(iv) Naval sucking

It frequently occurs in young calves weaned at an early age and housed in groups. Naval sucking leads to naval ill and it should be prevented by applying some repulsive paste on the naval of calves.

(v) Chewing of rope

In villages ropes are used for tying the animals with a peg. Sometimes animals develop a habit to chew their rope. This is controlled by using an iron chain.

11. Spraying

Lice infestation is frequently observed during winter season in stall fed buffaloes. The incidence of ectoparasitic infestation is light in buffaloes on pasture. Spray with 0.5 per cent DDT or 0.1 per cent lindane efficiently destroys buffalo louse. Dipping is generally not practised in India for buffaloes. When wallowing is available, ectoparasitic infestation is rare.

12. Transportation

In India, mostly high-yielding buffaloes in early lactation are transported from rural areas to urban stalls exclusively, for milk production. The transportation is done by truck or train depending on the number of animals and distance to be travelled. A truck carries 3 buffalo cows with calves along with feed and straw for 3–5 days period. In a goods train wagon 8 buffaloes their calves, one attendant and sufficient quantity of hay and water which are replenished in route are carried. Four buffaloes in each half of the wagon are placed face to face. The floor is covered with saw dust or straw. No significant loss in body weight and other signs of stress has been observed in buffaloes even after 10–15 days of train journey, however, lactating animals may reduce some milk. Patience and gentle behaviour with the animals in transportation specially at the time of loading and unloading is very important. A terrified animal can become violent which may cause serious injury to animals itself or to attendant or to both of them.

13. Collection, Storage and Utilisation of Manure

The quantity and composition of dung is dependent on the age of buffalo, physiological state and sources of feeds and fodders. An adult buffalo voids every day 3–5 kg dry matter and 50 to 100 g nitrogen besides potassium and other minerals of high manurial value. The dung is collected either once or twice a day depending upon the weather condition and stored at a distant place on a high ground or in a pit. During dry season greater proportion of dung mixed with waste straw and chaff is used for the preparation of dung cakes which are dried in sun. Dung cake is used as fuel for cooking food in villages. The other important use is the preparation of compost which is used for manuring the fields. Now dung is being used more and more in the bio-gas plant where gas is used for fuel and the digested slurry is used for manure.

Range management
Water buffaloes can also be managed on rangelands. In Brazil, Venezuela, Trinidad, the United States, Australia, Papua New Guinea, Malaysia, Indonesia, the Philippines, and elsewhere there is rising interest in rising buffalo beef on the range. The production practices for rising them are similar to those used for range cattle.[Water buffaloes in the humid tropics must be able to cool off. Shade trees are desirable, and although a wallow is not essential, it is probably the most effective way the animal has of coping with heat. 

Water buffaloes are intelligent animals. Young ones learn patterns quickly and often are reluctant to change their habits. Feral animals—even those born in the wild—tame down after a week or two in a fenced enclosure to the point.

Provision of adequate fencing is one of the great problems of buffalo management. The animals have strong survival instincts and if feed runs short, such as in the dry season, they will break through fences that would deter cattle who would remain and starve. They will also break through fences if their family unit is split up. Barriers must be stronger than those used for cattle and the wires closer together and lower to the ground because buffaloes lift fences up with their horns rather than trample them down. In northern Australia, Papua new Guinea, and Costa Rice it has been found that buffaloes are particularly sensitive to electric fences (a single wire is all that is needed), and in Brazil a special suspension fence has been devised.* Both of these seem to be cheap and efficient answers to the fencing problem.

Water buffaloes are easily handled from horseback and easily worked through a corral. Actually, because of their docility they can be mustered on foot, even on ranges where cattle require horses. Unless they come from different area they tend to herd together and can be mustered like sheep.

One of the major management adjustments to be made by cattlemen is understanding and capitalizing on the buffalo’s placid nature. Buffaloes are naturally timid and startle easily; they must be handled quietly and calmly. Rough handling, wild riding, and loud shouting make handling them more difficult and training them much harder.•
The identification of individual buffaloes is difficult. Fire brands do not remain legible on the skin for long. Cryobranding (freezing branding) is more durable. Most types of ear tags are not very successful; the numbers wear off and mud covers up the ag’s color. In northern Australia ear tatooing has been the most successful identification technique, with tatoos remaining legible for at least 8 years.
When they pasture together, cattle and buffaloes coexist satisfactorily. They segregate themselves into their own groups and do not interfere with one another. The buffaloes, however, usually dominate the cattle and tend to monopolize the areas with the best feed supply.

Feed troughs and mineral boxes used for cattle are suitable for buffaloes, but chutes and crushes must be widened to accommodate the buffalo’s broader body and, when necessary, the Swamp buffalo’s greater horn spread.

Water buffaloes are powerful swimmers. In Brazil they have been known to escape by swimming down the Amazon River. An unusual management difficulty is caused by piranha in the rivers and swamps of Venezuela. In one herd of 100 heifer buffaloes, 40 have lost all or part of a teat to these voracious fish.

12. JURISPRUDENCE IN BUFFALO MANAGEMENT

Veterinary Jurisprudence (legal veterinary medicine) is defined as the part of veterinary medicine including the use of principles and know-how of veterinary medicine for purposes of law (civil/criminal) and deals with rights of the animal owners and harm caused to the animals. A veterinarian must be very sound in his knowledge about Veterinary Science in relation to law, as he is the only evidence on whom depends the action to the taken against a involved person. 
A veterinarian may appear in a court as a witness  or complainant. He must be well acquainted with the acts affecting his priveleges and obligations. He must also be well versed about criminal courts. The codc of criminal procedure, Act X, of 1872, in sections 4, defined a criminal court as every Judge or Magistrate or body of Judges or Magistrates enquiring into or trying any criminal case or engaged in any judicial proceeding.

The courts for criminal dealings are of three types, namely, high courts, sessions courts and courts of Magistrates. The main classes of Magistrates are the Judicial Magistrates and the Executive Magistrates. The Judicial Magistrates include the Chief  Judicial Magistrate. Additional Chief Judicial Magistrates, Judicial Magistrates of the first or second class, Sub Divisional Judicial Magistrates, Special Judicial Magistrates, Chief Metropolitan Magistrates and the Special Metropolitan Magistrates. The Executive Magistrates include the District Magistrates, Additional District Magistrates and the Special Executive Magistrates.

The Supreme Court in Delhi is the highest judicial tribunal within the territory of India and a law declared by the Supreme court is binding on all courts within India. The high court is at the peak tribunal at the State level. The sessions courts can only try cases committed by a Magistrate. They may pass any sentence under the jurisdiction of law but a death sentence by courts needs a high court confirmation before it is carried out. The sentences authorised by law include death, life imprisonment, imprisonment with solitary confinement and reformatory detention.

A first, second and third class Magistrates may pass maximum imprisonments upto two years, 6 months and one month respectively. The first, second and third class Magistrates may pass a maximum fine of one thousand rupees, two hundred  and rupees fifty respectively. Only a Magistrate can take cognizance of an offence.

A subpoena (or summon) is a document to compel the presence of a witness in a court of law under a penalty. Once served, the witness must do so without a fail or ajustifiable excuse. A fail without a justifiable excuse may make him vulnerable to a fine or imprisonment.
Once called into a witness-box, a witness, before giving evidence has to take an oath which includes a solemn affirmation substituted by law for an oath, and any declaration required or authorised by law to be made before a public person or to be used for the purpose of proof, whether in a court of justice or not. In oath one has to state touching the matter that the evidence which he shall put forth shall be the truth, the whole truth and nothing but the truth.

Under the prosecution process, when a buffalo owner seeks redress of his grievances in a court of law for criminal injury to his buffalo, he lodges a report at the nearest police station. The veterinarian examines the buffalo at the spot/hospital and submits his report to the police. This pin points the cause and manner of death in criminal cases. The evidence is defined  in the Indian Evidence act (1872) as all statements which the court permits or requires from a witness related to facts under enquiry (oral evidene) or all documents in this regards (documentary evidence). The documentrary evidence includes Veterinary Certificates and vetero-legal reports.

The evidence recording involves Examination-in-chief, cross-examination, re-examination and questions put by the judge. Examination-in-chief is the first examination of a witness by the calling party. The cross-examination tests the value of the evidence and is held by counsel for the accused who tries to elicit facts. The council, conducting the examination-in-chief, has the right of re-examination of the witness to explain misunderstandings, if any, occuring during cross-examination. The judge, to clarify matters, may put any question (s), at any time during the process.

Witnesses are of four kinds namely, common, expert, skilled and hostile. A common witness testifies he facts as he observed. An expert witness, based on his professional competence, deduces opinions or inferences from the facts observed by him or by others.

To give evidence a veterinary witness should adhere to the following points: before going to a court consider the possible questions with their answers which one may be asked; one should speak clearly, slowly and audibly; use simple plain language avoiding technical terms; speak minimum possible; do not lose temper, appear cool and dignified and avoid quotations from books. In case if a veterinarian has to stand against another Veterinarian, then it is possible to disagree without being disgraceful. The Veterinary witness must volunteer statements. Under section 126 of the Indian Evidence Act, a veterinary witness should, on no account, volunteer professional secrets but should divulge them under protest to show his moral duty, when pressed by the court to do so.

Postmortem examination and the law

The post-mortem examination aims at identifying, if not known and at ascertaining the time and cause of death.

The rules for post-mortem examination are as follows : (i) under law a post mortem examination should be done by written order from police or District Magistrate, (ii) Prior to examination, the police report should be read thoroughly, (iii) It should be done in day light and be thorough and complete, (iv) Look for all details on the body surface, and one must have a knowledge of the normal anatony and physiology.
The post-mortem examination must include an external examination followed by internal examination.

The main portions to be examined are the lungs, heart, brain, digestive tract, parenchymatous organs, genital tract, skin.

Death in relation to law

Death includes both somatic and molecular deaths. Somatic death is complete cessation of the vital functions of brain, heart and lungs where as molecular death is that of tissues and cells. accompanied by cooling of the body, reducing its temperature to an equilibrium. 

Death is due to three primary reasons, viz. coma, syncope and asphyxia. Coma insensibility involing central portion of brain stem and is mainly due to  compression of the brain due to injury/disease or toxins (from outside/inside the body). There is stupor followed by unconsiouness, There is relaxation of sphincters, insensibility of pupils to light, body temperature is normal/subnormal, pulse is slow and breathing is irregular. On post-mortem, skull bone or brain injuries may be present with blood effusion into the cranial cavity, brain with its membranes are congested.

Syncope, is death due to stoppage of heart's action and may be due to anaemia, shock, asthenia or exhausting disease. There is pallor of mucous membranes, dim vision, dilated pupils, restlessness, gasping respiration, marked fall in blood pressure. The heart is contracted on postmortem, and its chambers empty in anaemia while in asthenia they contain blood.

Asphyxia causes death when there in stoppage of respiatory functions before stoppage of heart action. It may be due to mechanical causes; deficiency of atmospheric oxygen, exhaustion of respiratory muslces; wounds due to non entrance of blood in lungs as in embolism. The main symptoms include dyspnoea, convulsions and exhaustion. In dyspnoea, the carbon dioxide accumulation in blood stimulates the respiratory centre in the medulla, with respiration becoming deep, hurried and laboured. In convulsions, the expiratory muscles show spasmodic movements, spreading to all muscles of the body. In exhaustion, there is paralysis of the respiratory centre when pupils are dilated with fall in blood pressure.

The concept of death w.r.t. law states that the cessation of the vital functions depends upon tissue anoxia, brought about by any of the following four ways : (i) Defective oxygenation, (ii) Reduced oxygen-carrying capacity, (iii) Histo-toxic anoxia  and (iv) Inefficient blood  circulation through tissues. The tissue anoxia due to any of these causes produces circulatory failure leading to death.

these causes produces circulatory failure leading to death.
Sudden death may occur  from natural or unnatural causes. The possibility of death due to disease and injury together is also to be kept in mind. The natural causes producing sudden death are mainly the diseases of the cardio-vascular system (enteric fever, pericarditis diptheria, hypothyroidism, right ventricular failure).

The signs of death are cessation of circulation and respiration; changes in eye and skin; cooling of the body; cadaveric lividity and changes; putrefaction; adipocere and mummification. Cadaveric changes in muscles include primary relaxation or flaccidity, cadaveric rigidity or rigor mortis and secondary relaxation. Rigor mortis is simulated by heat stiffening, cold stiffening and cadaveric spasm.

From a legal point of view it is very important that a veterinary jurist rightly assesses the time since death. The points to be considered here are warmth or cooling of the body, absence or presence of  cadaveric hypostasis, rigor mortis and putrefaction. These conditions may vary between cadavers and thus only an approximate time of death can be ascertained.

Suffocation is the form of death resulting from exclusion of air from the lungs by means other than compression of the neck. It may be due to either by forceful closure of the mouth and nostrils or choking of the air passages from within and inhalation of irrespirable gases. 

Death is usually due to asphyxia, but may be due to shock. On an average, the death occurs from ten to fifteen minutes after complete withdrawal of air from lungs, although cases with death occuring almost instantaneously after blockage of the windpipe            by a foreign body are reported. Recovery may occur if treated properly within five minutes.

Post mortem appearances may be external or internal. External means death due to suffocation or asphyxia. Whereas in internal, a foreign body may be found in the mouth, throat, larynx or trachea when suffocation is caused by a foreign body impaction in the air passage.

Drowning is the death in which air is prevented from entering the lungs by submersion of respiratory orifices in a fluid. During drowning a body alternatively rises and sinks thrice, until all air has been expelled from the lungs and its place is taken up by water. Only after this, does the animal become insensible and sinks to the bottom and dies. The mode of death may be asphyxia, shock, concussion, apoplexy or exhaustion.

Starvation or inaniton is deprivation of a regular and constant food supply necessary to maintain the body nutrition. In absence of food, an acute feeling of hunger lasts for first thirty to forty-eight hours, after four or five days of this, the absorption of subcutaneous fat begins. On post mortem, externally the body is debilitated, eyeballs are sunken, tongue is dry, the subcutaneous fat is very less or absent. Internally, the lungs are pale and collapsed, and exude very litle blood when cut, intestines do not contain any digested material and are contracted. The liver, spleen, kidneys and pancreas are small and shrunken. Urinary bladder contains no urine and the gall bladder is enlarged in size. To confirm the death due to starvation it must be differentiated from death due to wasting disease like tuberculosis.

Heat, lighting and electrical injuries
Injuries due to flame, radiant heat, lightening, electricity, x-ray and chemical are classified as burns under law. Scalds are injuries due to moist heat e.g. steam. Burns are more serious than scalds.

Ordinary scalds are not very serious, causing in general, hyperaemia and vesiculation. Scalds from oils or other sticky substances, boiling at a higher temperature than water, closely resemble burns.

X-rays cause burns with dermatitis and hair shedding. Prolonged exposure may result into ulcers. Longer exposure to sun may cause burns with eczematous dermatitis. Burns due to chemicals do not have a red line of demarcation and vesicles. Burns are classified as follows :

i)
First degree burn is due to instantaneous contact with the burning agent and there is no scar formation.

ii)
Second degree burn is due to prolonged contact with the agent and as only superficial epithelial layers are damaged so no scar is formed.

iii)
Third degree burn has a scar is formed after healing maintaining the integrity of the part.

iv)
Fourth degree burn has destruction of the whole skin and the scar left is of dense fibrous tissue.

v)
Fifth degree burn has affect on deeper muscles and forms scarring and deformity. 

vi)
Sixth degree burn has either is death or charring of whole limb with inflammation of adjacent tissues and organs.

The severity of burns and scalds depends on the degree of heat, exposure period, extent of surface and site. The death here is because of shock, suffocation, accidents, inflammation of visceral organs, hypoproteinaemia. Death may occur mostly in the first week or in cases with pus formation it may occur after one to one and a half month. On post mortem, externally, in burns due to radiant heat, skin is whitened; in burn by flame, the skin is blackened; in prolonged burns by molten metal, there is roasting and charring of the body parts; in burns from kerosene oil, the characteristic odour is there. Internally, the brain and its menninges are congested with inflammation of the pleurae.

The ante-mortem and post-mortem burns are mainly differentiated on the basis of line of redness, vesication and separative processes. Regarding finding the time of burn, immediate to burning is redness, within two to three hours is vesication, in two to three days is pus, sloughs separate within a fortnight. Later to this, the granulation covers the burn surface. A cicatrix or deformity appears after several weeks or months.

Lightning occurs during thunderstorm and near tall objects, so animal keeping should be avoided near tall objects during thunder storm. After being affected by lightening, there is syncope or concussion and death is due to nervous paralysis or from effects of burns after some days. Reddish brown arborescent markings indicating thepaths taken by the branching discharge are seen on the surface of the skin. To protect the buffalo, oxygen is provided along with cardiac stimulants. On post mortem, rigor mortis appears soon after death and passes off quickly. 
Deaths due to shock may occur due to electricity as well. The points of touch of electrical item get burned. The treatment involves removal of the electrical source, providing artificial respiration, cardiac and respiratory stimulants. On post mortem, lesions are present at the contact point of the electrical source and the body with congestion of the viscera. Mechanical injuries include bruises/contusions, abrasions and wounds. Bruises or contusions are produced by a blunt weapon blow. The age of bruise is adjudged by colour changes which its ecchymosis undergoes during absorption. The colour is red in the beginning, blue during the first three days, greenish on fifth to sixth day, and yellow from seventh to twelfth day and after fourteenth or fifteenth day, the skin regains its normal colour. In an ante-mortem bruise there is swelling and colour changes which are absent in a post-mortem bruise.

Abrasions are injuries with loss of superficial epithelium of the skin. The ante-mortem abrasion have bleeding while the post-mortem abrasions do not have bleeding.

A wound is forcible breach in the continuity of soft tissues of body like skin, mucous membrane and cornea. The main types of wounds are incised, punctured, lacerated and firearm wounds. An incised wound is created by a sharp cutting object and is always broader than the edge of the weapon creating it with its superficial extent being greater than its depth. Haemorrhage is stronger in an incised wound. In punctured wounds, the object while passing through the tissue pierces an body cavity like thorax or abdomen. The aperture of this wound in skin is usually a little smaller in length than the breadth of the weapon used. A lacerated wound is a tear or split produced by blows with blunt objects and missiles where haemorrhage is not extensive. Firearm wounds are caused by firearms like shot guns and rifles, where larger bullets cause greater damage to the natural organs than small ones. A bullet with a high velocity produces a clean, circular, punched-out slit.

Points to be considered by a veterinarian while examining a wound are natue of injury, kind of weapon and age of injury. Death form wounds is mainly due to haemorrahges, vital organ injury or shock. Cardinal features of an ante-mortem wound are haemorrahge, retraction of the wound edges and inflammation.

Fractures during life have blood effusion, muscular laceration, pouring of lymph and callus formation but these features are absent in a post-mortem fracture. 

Defaults in the sale of livestock and their products
The frauds in livestock sale are punishable under section 420, Indian Penal Code (I.P.C.). Before sale, a buffalo should be examined by history, general examination (including circulatory, respiratory, digestive, nervous and reproductive systems), agglutination test for brucellosis, tuberculin test for tuberculosis, mallein test for glanders in equines, examination of body excretions and secretions for presence of any pathogenic organism.
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Where, G = Corrected lactometer reading, and F = percentage of fat. 

Under skimming and watering, the milk becomes less viscous and to increase its viscosity, thickening agents like starch, gelatin, cane sugar etc. are added which can be detected by using iodine solution (5%), acid mercuric nitrate solution and hydrochloric acid respectively. The addition of colouring agents in milk is detected by annatto test and coal-tar dye.

Preservations are added to retard decomposition of milk and include boric acid, formalin, salicylic acid, benzoic acid, hydrogen peroxide and sodium bicarbonate.

Accidental adulteration of milk occurs by mistake when animal urine, dung, hairs etc. get into the milk. The quality of milk can be detected by the methylene blue reduction test where milk is graded as good, fair, poor or very poor.

The addition of heated milk in fresh milk is detected by storch's test. The adulteration of ghee is mainly done by adding vegetable oils, hydrogenated oils or animal fat. Phytosteryl acetate test detects the adulteration of vegetable oils in ghee. Sesame oil is necessarily added to all vegetable ghee in our country and thus the presence of sesame oil in marked pure ghee is a sure indication of adulteration with vegetable ghee which can be detected by boudouin test.

Adulteration of meat includes mixing meat from different animals or mixing inferior meat with the superior one e.g. horse flesh in place of beef, goats meat for mutton, cat for rabbit. Such adulteration can be detected by physical, chemical or serological examinations. Mutton is duck red with ammonical odour; white, hard and firm fat; slightly red bone marrow; rich fat between muscles and firm and dense muscle fibre density. Chevon is paler than mutton, with very little fat in muscles and has a buck odour. Pork is whitish grey with soft consistency, white, granulated fat intermixed with muscles, pink-red bone marrow and urine like odour. Dog's meat has slightly inter mixed white fat with muscles and a dark red colour. Beef is highly red in colour and its fat acquires a firm consistency after chilling. Horse meat has a dark redcolour becoming blackish on exposure to air, the fat is golden to dark yellow and a greasy bone marrow. In poultry meat, muscular tissues are firm with fine fibres and has fat intermixed with muscles. Fish meat is white, with finely distributed fat in muscles and a higher water content of meat. The methods of chemical examination include the glycogen test, test for fat of animals (iodine value) and examination of refractive index. The serological examination aims up to differentiate meats of different species. It includes the precipitation test, agar gel diffusion test, chromatographic test, electrophoretic test.
The code of Federal Regulation, USA, 1970 has indicated the following rules for meat inspection. Ante-mortem inspection includes an examination of all buffaloes to be slaughtered on the day of slaughter, within the slaughter house and any buffaloes with a problem requiring condemnation of a part should be marked `suspect', condemn buffalo  with high temperature, likely to die or dead, signs of rabies, scrapie, tetanus, arthrax. A careful post mortem examination of all buffaloes and their parts including head, tail, tongue, thymus and all viscera should be made just after slaughter. Fit carcass should be marked `inspected and passed'. Condemn parts/carcasses which are unhealthy or suspected for anthrax, tuberculosis, black leg and in case of actinobacillosis or actino mycosis the affected parts should be removed.

Determination of age of buffaloes
From the legal viewpoint, a Veterinarian may be required to assess the age of a buffalo which is indicated by the teeth appearance, rings in the horns, external appearance and bones. Age is also indicated by time of appearance and extent of wear of temporary and permanent teeth. Temporary teet are smaller and more white than permanent teeth. For age assessment, a knowledge of deciduous and permanent dental formulae, time of eruption and difference in appearance between deciduous and permanent teeth is needed. 

In buffaloes , the incisors are absent in upper jaws and are replaced by dental pads. The canines are absent in cattle. The deciduous dental formulae of cattle is 2 (Di 0/4 Dc 0/0 Dp 3/3) = 20 and the permanent formulae is 2 (I 0/4 C 0/0 P 3/3 M 3/3) = 32. Regarding eruption, Di1 and Di2 are before birth, Di3 is birth to 1 week, Di4 is birth to 2 weeks, Dp1 , Dp2 and Dp3 are birth to 3 weeks. With respect to the permanent teeth eruption, I1 is 1a to 2 years, I2 is 2 to 2a years, I3 is 3 years, I4 is 3a to 4 years, P1 is 2 to 2a years, P2 is 1a to 2a years, P3 is 2a to 3 years, M1 is 5 to 6 months, M2 is 1 to 1a years and M3 is 2 to 2a years.

The centres of ossification and the progress of ossification in unifying bones gives an approximate idea of an animals age. Thus, radiographs help in estimating an animal's age.

The horn rings may also indicate a buffalo's age. In buffalo, the first ring appears at 3 years of age and then one ring is added each year. So age is 2 + no. of rings.

Euthanasia

Legally Veterinarians are also required, at times, to sacrifice the buffalo suffering with certain incurable diseases for which euthanasia remains the only solution. 

 Euthanasia is the production of quite painless death in a buffaloes for humane reasons. The method should produce painless death, be reliable, minimize undesirable psychological stress, economical, minimum environmental impact and safe for humans.

Euthanasia can be achieved by any of the following agents :
1. Inhalant agents - these include :


a)
Inhalant anaesthetics - chloroform, ether, halothane and methoxyflurane


b)
Carbon monoxide


c)
Carbon dioxide


d)
Hydrogen cyanide gas

2. Non-inhalant agents - these include :


a)
Barbiturates - pentobarbital sodium


b)
Chloral hydrate


c)
Strychnine


d)
Hydrocyanic acid


e)
Magnesium sulphate


f)
Curariform drugs

3. Physical methods - Electrocution, shooting, Before euthanising a buffalo, a consent should be taken from its owner.

The prevention of curelty to animals Act, 1960
The act extends to the whole of India, except the state of Jammu and Kashmir. Under this act, unless stated otherwise : (a) "animal" means any living creature other than a human being; (b) "captive animal", means any animal-not being a domestic animal - in captivity or confinement, whether permanent or temporary, or which is subjected to any appliance or contrivance for the purpose of hindering or preventing its escape from captivity or confinement or which is pinioned or which is or appears to be maimed : (c) "domestic animal" means any animal which is tamed or which has been or is being sufficiently tamed to serve some purpose for the use of man or which, although it neither has been nor is intended to be so tamed, is or has become in fact wholly or partly tamed; (d) "local authority", means a municipal committee, district board or other authority for the time being invested by law with the control and administration of any matters within a specified local area; (e) "owner" used with reference to an animal, includes not only the owner but also any other person for the time being in possession or custody of the animal, whether with or without the consent of the owner. (f) "Phooka" or "doomdev" includes any process of introducing air or any substance into the female organ of a milch animal with the object of drawing off from the animal any secretion of milk (g) "prescribed" means prescribed by Rules made under this Act; (h) "street" includes any way, road, lane, square, court, alley, passage or open space, whether a thorough fare or not to which the public have access.

It shall be the duty of every person having the care or charge of any animal to take all reasonable measures to ensure the well being of such animal and to prevent the infliction upon such animal of unnecessary pain or suffering.

If any person (a) beats, kicks, over-rides, over drives, over loads, tortures or otherwise treats any animal so as to subject it to unnecessary pain or suffering or causes or being the owner permits, any animal to be so treated or (b) employs any animal unfit to be so employed (for age or disease etc.) or permits such unfit animal to be employed or (c) wilfully andThe act extends to the whole of India, except the state of Jammu and Kashmir. Under this act, unless stated otherwise : (a) "animal" means any living creature other than a human being; (b) "captive animal", means any animal-not being a domestic animal - in captivity or confinement, whether permanent or temporary, or which is subjected to any appliance or contrivance for the purpose of hindering or preventing its escape from captivity or confinement or which is pinioned or which is or appears to be maimed : (c) "domestic animal" means any animal which is tamed or which has been or is being sufficiently tamed to serve some purpose for the use of man or which, although it neither has been nor is intended to be so tamed, is or has become in fact wholly or partly tamed; (d) "local authority", means a municipal committee, district board or other authority for the time being invested by law with the control and administration of any matters within a specified local area; (e) "owner" used with reference to an animal, includes not only the owner but also any other person for the time being in possession or custody of the animal, whether with or without the consent of the owner. (f) "Phooka" or "doomdev" includes any process of introducing air or any substance into the female organ of a milch animal with the object of drawing off from the animal any secretion of milk (g) "prescribed" means prescribed by Rules made under this Act; (h) "street" includes any way, road, lane, square, court, alley, passage or open space, whether a thorough fare or not to which the public have access.

It shall be the duty of every person having the care or charge of any animal to take all reasonable measures to ensure the well being of such animal and to prevent the infliction upon such animal of unnecessary pain or suffering.

If any person (a) beats, kicks, over-rides, over drives, over loads, tortures or otherwise treats any animal so as to subject it to unnecessary pain or suffering or causes or being the owner permits, any animal to be so treated or (b) employs any animal unfit to be so employed (for age or disease etc.) or permits such unfit animal to be employed or (c) wilfully and unreasonably administers or attempts to cause any injurious drug or injurious substance to be taken by any animal or (d) causes any unnecessary pain or suffering or (e) puts an animal at a place which hinders reasonable opportunity for movement or (f) keeps an animal unreasonably chained for an unreasonable time or (g) being an owner, fails to supply sufficient food, drink or shelter or (h) without reasonable cause, abandons an animal that it will suffer pain by starvation or thirst or (i) wilfully permits his animal with contagious or infectious disease to go into street or permits him to die in street or (j) has an animal suffering pain by mutilation, starvation, thirst, overcrowding or other ill treatment or (k) with a view to provide entertainment causes him to become an object if prey for any other animal or incites any animal to bite or pray any other animal or (l) promotes any shooting match or competition where animals are released from captivity for the purpose of such shooting : he should be punishable (in the case of a first offence, with fine which shall not be less than ten rupees but which may extend to fifty rupees, and in the case of a second or subsequent offence committed within three years of the previous offence, with fine which shall not be less than twenty five rupees but which may extend, to one hundred rupees or with imprisonment for a term which may extend, to three months, or with both.

If any person is involved in `phooka', he shall be punishable with fine which may extend to one thousand rupees, or with imprisonment for a term which may extend to two years, or with both, and the animal on which the operation was performed shall be forfeited to the government.

Where the owner of an animal is convicted of an offence, it shall be lawful for the court, if the court is satisfied that it would be cruel to keep the animal alive, to direct that the animal be destroyed and to assign the animal to any suitable person for that purpose; and the person to whom such animal is so assigned shall, as soon as possible, destroy such animal or cause such animal to be destroyed in his presence without unnecessary suffering, and any reasonable expense incurred in destroying the animal may be ordered by the court to be recovered from the owner as if it were a fine.

Animal Welfare Board of India

This was established for the promotion of animal welfare generally and for the purpose of protecting animals from being subjected to unnecessary pain or suffering. The board shall be a body corporate having perpetual succession and a common seal with power, subject to the provisions of Act 26 of 1982, to acquire, hold and dispose of property and may by its name sue and be sued. The Board shall consist of the following persons :

a) the Inspector General of Forests, Government of India, Ex-officio, (b) the Animal Husbandry Commissioner to the Government of India, ex-officio, (c) two persons to represent respectively the Ministers of Central Government dealing with Home Affairs and Education, to be appointed by the Central Government (d) one person to represent the Indian Board for Wild life, to be appointed by the Central Government, (e) three persons who, in the opinion of the Central Government, are or have been actively engaged in animal welfare work and are well-known humanitarians, to be nominated by the central government. (f) one person to represent the association of veterinary practitioners, (g) two persons to represent practitioners of modern and indigenous systems of medicine (h) one person to represent municipal a) the Inspector General of Forests, Government of India, Ex-officio, (b) the Animal Husbandry Commissioner to the Government of India, ex-officio, (c) two persons to represent respectively the Ministers of Central Government dealing with Home Affairs and Education, to be appointed by the Central Government (d) one person to represent the Indian Board for Wild life, to be appointed by the Central Government, (e) three persons who, in the opinion of the Central Government, are or have been actively engaged in animal welfare work and are well-known humanitarians, to be nominated by the central government. (f) one person to represent the association of veterinary practitioners, (g) two persons to represent practitioners of modern and indigenous systems of medicine (h) one person to represent municipal corporation, (i) one preson to represent three organisations actively interested in animal welfare (j) one person to represent three societies dealing with the prevention of cruelty to animals (k) three central Government nominees (l) six members of Parliament, four to be elected by the House of the people (Lok Sabha) and two by the Council of States (Rajya Sabha).

The term for which the Board may be reconstituted under Section 5A shall be three years from the date of the reconstitution and the Chairman and other members of the Board as so reconstituted shall hold office till the expiry of the term for which the Board has been so reconstituted. The funds of the Board shall consist of grant made to it from time to time by the Government and of contributions, donations, subscriptions, bequests, gifts and the like made to it by any local authority or by any other person.

The functions of the Board shall be :

a)
To keep the law in force and advice the Government for timely amendments.

b)
To advise the Central Government on making of rules related to animal welfare.

c)
To advise on improvements in design of vehicle to lessen burden on draught animals.

d)
To take step for betterment in animal houses, watering and veterinary assistance.

e)
To advise on matters of slaughter houses to make them more humane.

f)
To take steps to remove unwanted animals.

g)
To encourse by finance or otherwise, formation of rescue homes for animals.

h)
To  cooperative with associations involved in reaching animal pain and suffering.

i)
To give advice or financial help to animal welfare organisations.

j)
To advise for improvement in health services.

k)
To educate people for humane treatment of animals.

l)
To advise the Government on any matter related to animal welfare.

Experimentation of buffaloes
Under act 26 of 1982, S.12, nothing contained in this act shall render unlawful    the performance of experiments on buffaloes for the purpose of advancement by new discovery of physiological knowledge or of knowledge which will be useful for saving or for prolonging life or alleviating suffering or for combating any disease, whether of human beings, animals or plants. The central Goverment, on advise of the animal welfare board, may by notification in the official gazette, constitute a committee consisting of such number of officals and non-officials, as it may think fit to appoint thereto. The funds of this committee releated to experimentation of animals shall consist of grants made to it from time to time by the Government and of contributions, donations, subscriptions, bequests, gifts and the like made to it  by any person. It shall be the duty of the committee to take all such measures as may be necessary to ensure that buffaloes are not  subjected to unnecessary pain or suffering before, during or after the performance of experiments on them, and for that purpose it may, by notification in the Gazettee of India and subject to the condition of previous publication, make such rules as it may think fit in relation to the conduct of such experiments.

It the committee is satisfied, on the report of any officer or other person made to it as a result of any inpection under section 18 or otherwise, that the rules made by it under section 17 are not being complied with by any person or institution carrying on experiments on buffaloes, the committee may, after giving an opportunity to the person or institution of being heard in thematter, by order, prohibit the person or institution from carrying on any such experiments either for a specified period on indefinitely, or may allow the person or institution to carry on such experiments subject to such special conditions as the committee may think fit to impose. If any person (a) contravenes any order made by the committee or (b) commits a breach of any condition imposed by the committee; he shall be punishable with fine which may extend to two hundred rupees, and when the contravention or breach of condition has taken place in any institution the person in charge of the institution shall be deemed to be guilty of the offence and shall be punishable accordingly.
Performing  buffaloes
Under this `exhibit' means exhibit or any entertainment to which the public are admitted through sale of tickets and `train' means train for the purpose of any such exhibition and the expressions `exhibitor' and `trainer' have repectively the corresponding meaings.

No person shall exhibit or train (a) any performing buffalo unless he is registered in accordance with specified provisions; (b) as a perfroming buffalo, any buffalo which the Central Government may, by notification, in the official gazettle, specify as a buffalo which shall not be exhibited or trained as performing buffalo.

The prevention of cruelty to draught and pack animals rules, 1965

In execrise of the powers conferred by sub-section (2) of section 38 of the prevention of cruelty to Animals Act, 1960 (59 of 1960), the Central Government made the prevention of cruelty to draught and pack animals rules, 1965.

The maximum prescribed loads for draught animals are :
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Animal 
type of vehicle
Maximum




permissible load
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1.
Small bullock or
two wheeled 




small buffalo 
a) with ball bearings
1000 kilograms




b) with pneumatic tyres
750 kilograms



c) not with pneumatic tyres
500 kilograms

2.
Medium bullock or
two wheeled


medium buffalo
a) with ball bearings
1400 kilograms



b) with pneumatic tyres
1050 kilograms



c) not with pneumatic tyres
700 kilograms

3.
Large bullock or 
two wheeled


large buffalo
a) with ball bearing
1800 kilograms



b) with pneumatic tyres
1350 kilograms



c) not with pneumatic tyres
900 kilograms

4.
Horse or mule
two wheeled 



a) with pneumatic tyres
750 kilograms



b) not with pneumatic tyres
500 kilograms

5.
Pony
two wheeled 

 

a) with pneumatic tyres
600 kilograms



b) not with pneumatic tyres
400 kilograms

6.
Camel
two wheeled
1000 kilograms

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No person shall cause any animal specified in column 1 of the table below to carry any load in excess of the weight specified in the corresponding entry in column 2 thereof


               1
          2

1.
Small bullocks or buffalo
100 kilograms 

2.
Medium bullock or buffalo
150 kilograms

3.
Large bullock or buffalo
175 kilograms

4.
Pony
70 kilograms

5.
Mule
200 kilograms

6. Donkey
50 kilograms

7.
Camel
250 kilograms

General conditions for use of draught and pack animals : No person shall use or cause any animal to be used  for drawing any vehicle or carrying any load :
(i)
For more than nine hours  in a day in the aggregate

(ii) 
For more than five hours continuously without a break for rest for the animal

(iii)
In any area where the temperature exceeds 37oC (99oF) during the period between 12.00 noon and 3.00 p.m.

The prevention of cruelty to buffaloes (licensing of farriers) rules, 1965

Under this no person shall, after the commencement of these rules, begin to carry on the business of a farrier, and no person carrying on the business of farrier at the commenecement of these tules, shall, after the expiration of three months, from such commencement, continue to carry on such business, except under a licence.

Any person fulfilling the following criteria is entitled to apply for licence 

a) has completed the age of eighteen years, b) has undergone any such training in the business of shoeing buffalo as may be approved by the licensing authority; or c) has been carrying on the business of a farrier for not less than two years before the conmencement of these rules.

Tranportation of buffaloes, rules, 1978 
Transport of buffalo : It must be accompanied with a valid health certificate indicating fitness of the animals for transport and theirselves being free from any contagious or infectious disease and in the absence of this certificate, the carrier shall not accept the consignment; the average space provided per cattle in Railway wagon vehicle shall not be less than two square meters; hungry and thirsty cattle should not transported; cattle in advanced pregnancy shall not be mixed with young cattle to avoid sampede during transportation.

Prevention of cruelty to animals (application of fines) Rules, 1978
Fines levied and realised under this act shall, subject to any deductions relating to the cost of collection, be made over by the State Government to the Board as soon as may be after due appropriation by law (by State Legislature) in this behalf. Fines made to the Board shall be used for buffalo welfare activities. Fines realised in one State shall be used within that state only. 

Prevention of cruelty (capture of animals rules, 1972)
No buffalo shall be captured for the purpose of sale, export or for any other purpose except by sack and look method. 

Acts related to buffaloes
The Livestock Importation Act, 1898 (Act No IX of 1898)
As modified upto 1st September, 1952, this act is to make better provision for the regulation of the importation of livestock. In this Act, unless there is anything he regulation of the importation of livestock. In this Act, unless there is anything repugnant in the subject or context : (a) the expression "infectious or contagious disorders" includes tick-pest, scabies and other disease or disorder which may be specified by the Central Government by notification in the official Gazette, and (b) "livestock" includes  buffaloes,  horses, camels, sheep, and any other animal which may be specified by the Central Government notification in the official Gazette, regulate, restrict or prohibit, in such manner and to such extent as it may think fit, the bringing or taking, by sea or land, into the territories to which this Act extends or any specified place therein, of any livestock which may be liable to be affected by infectious or contagious disorders, and of any fodder, dung, stable litter, clothing, harness or fittings  pertaining to livestock or that may have been in contact there with. No suit, prosecution or other legal  proceeding shall lie against any person for anything in good faith done or intended to be done under this Act. 
The Poisons Act, 1919 (Act No. XII of 1919)
As modified upt to 1st January, 1960, it is an act to consolidate and amend the law regulating the importation, possession and sale of poisons. The Central Government may, by notification in the official Gazette, prohibit, except under and in accordance with the conditions of a license, the importation into India across any customs frontier defined by the Central Government of any specified poison, and may by rule regulate the gront of licenses.

The State Government may by rule regulate the possession of any specified poison in any local area in which the use of such poison for the purpose of committing murder or mischief by poisoning buffalo appears to it to be of such frequent occurrence as to  render restrictions on the possession  thereof desirable.

The District Magistrate, the Sub-Divisional Commissioner of Police, may issue a warrant for the search of any place in which he has reason to believe or to suspect that any poison is possessed or sold in contravention of this Act or any rule there under, or that any poison liable to confiscation uner this Act is kept or concealed.

The person to whom the warrant is directed may enter and search the place in accordance there with, and the provisions of the code of criminal procedure, 1898, relating, to search-warrants, shall as far as may be, deemed to apply to the execution of the warrant.

The Dangerous Drugs Act, 1930 (Act No. II of 1930)
This Act aims to centralise and vest in the Central Government the control over some operations relating to dangerous drugs and to increase and provide uniform penalties    for offences relating to such operations "Dangerous drug" includes coca leaf, hemp and opium and all manufactured drugs.

No one shall (a) cultivate any coca plant, or gather any of its portions (b) manufacture or possess prepared opium unless it is prepared from opium lawfully possessed for the consumption of the person so possesing it or (c) import into India, export from India, tranship or sell prepared opuim. Provided that these shall not apply to the cultivation of any coca plant or to the gathering of any portion thereof on behalf of the Government. The State Government may make rules restricting and regulating the manufacture and possession of prepared opuim from opium which is lawfully possessed under clause (b) above. No one shall engage in or control any trade whereby a dangerous drug in obtained outside India, and supplied to any person outside India-save in accordance with the conditions of a license granted by the discretion of the State Government.
Whoever : (a) cultivates any coca plant or gathers any portion of a coca plant (b) manufactures or possesses prepared opium other than as permitted or (c) imports, exports, tranships or sells prepared opium, shall be punishable with imprisonment which may extend to three years, or with fine or both. 

The Collector or any officer authorised by the state Government in  this regards, or a presidency Magistrate or a Magistrate of the first class, or a Magistrate of second class specially, empowered by the State Government in this behalf, may issue a warrant for the arrest of any person when he has reason to believe to have committed an offence punishable or for the search, whether by day or by night, of any building, vessel or place in which he has reason to believe any dangerous drug in respect of which on offence punishable has been committed is kept or concealed. 
The Drugs and Cosmetics Act, 1940 (Act No. XXIII of 1940)
This act aims at regulating the import, manufacture, distribution and sale of drugs and cosmetics. The provisions of this Act shall be in addition to, and not in derogation of, the dangerous drugs in Act, 1930 and any other law for the time being in force.

In this Act, unless there is anything repugnant in the subject or context :

(a) Ayurvedic (including siddha) or unani drug includes all medicines intended for internal or external use for or in the diagnosis, treatment, mitigation or prevention of disease in human beings, mentioned in, and processed and manufactured exclusively in accordance with the foumulae described in the authoritative books of ayurvedic (including siddha) and unani systems of medicine, specified  in the First Schedule. "Cosmetic" means any article intended to be rubbed, poured, sprinkled or sprayed on or introduced into, or otherwise applied to the human body or any of its parts for cleansing, beautifying, promoting attractiveness, or altering the appearence, and includes any article intended for use as a component of cosmetic, but does not include soap.

A drug shall not be deemed to consist, in whole or in part, of any decomposed subtance only by reason of the fact that such decomposed substance is the result of any natural decomposition of the drug within the period, if any, specified on the label of the drug within which the drug is to be used. Provided that such decomposition is not due to any negligence on the part of the manufacturer of the drug or the importer or the dealer thereof and that it does not render the drug injurious to health.

From such date as may be fixed by the Sate Government by notification in the  official Gazette in this behalf, no person shall himself or by any other person on his behalf sell or stock or exhibit for sale, or distribute, any Ayurvedic or Unani drug other than that manufactured by a manufacturer:  

The Drugs and Cosmetics Rules, 1945 (Under the Drugs and Cosmetics Act, 1940)

Schedule F (1), Part I- vaccines

(a) Provisions applicable to the production of bacterial vaccines - A competent expert in bacteriology with sufficient experience in manufacture and standardisation of biological products shall be incharge of the establishment responsible for the production of bacterial vaccine and he shall be assisted by a staff adequate for carrying out the tests required during the preparation and standardisation of the vaccines.

Cultures used in the preparation of vaccine before being manipulated into a vaccine, should be thoroughly tested for identity by the generally accepted test applicable to the particular micro-organisms.

The vaccines shall be tested for sterility, purity, safety and potency before use. Some common vaccines are Anthrax spore vaccine (living), Black quarter vaccine, Brucella abortus (Strain 19) vaccine (living), Salmonella abortus equi vaccine, Streptococcus equi vaccine, (b) provisions applicable to the production of viral vaccines. The establishment in which viral vaccines are prepared must be under the direction and control of an expert in virology or an expert in bacteriology with specialised training in      virology and sufficient experience in the production of viral vaccines, and he shall be assisted by a staff adequate for carrying out the tests required during the preparation and standardisation of the vaccines. Some viral vaccines are Fowl Pox vaccine, Pigeon Pox virus (living); Ranikhet Disease vaccine (living), Ranikhet disesae vaccine F strain (living); sheet pox vaccine (living); rabies vaccine (inactivated); Rabies vaccine (living); Rinder pest lapinised vaccine (living).

The Indian Penal Code
Section 44.
Deals with "injury" which denotes any illegal harm caused to any animal, in body, mind, reputation or property.

Section 47.
States that an "animal" denotes any living being, other than a human being.

Section 51.
Indicates that an "oath" includes a solemn affirmation substituted by law for an oath, and any declaration required or authorised by law to be made before a pubic servant or to be used for the purpose of proof, whether in a Court of Justice or not.

Section 52.
Nothing is said to be done or believed in "good faith" which is done or believed without due care and attention.

Section 53.
Under the provisions of this Code, the offenders are liable for punishments like death, transportation, imprisonment, forfeiture of property and fine.

Section 80.
It indicates that anything is not an offence, which is done by accident or misfortune, and without any criminal intention or knowledge in the doing of a lawful act in a lawful manner by lawful means and with proper care and caution.

Section 81.
According to this section, anything is not an offence merely by reason of its being done with the knowledge that it is likely to casue harm, if it be done without any criminal intention of causing harm, and in good faith for the purpose of preventing or avoiding other harm to person or property.

Section 172. 
Anyone who absconds in order to avoid being served with a summon, notice or order proceeding from any public servant legally competent, as such public servant, to issue such summons, notice or order, shall be punished with simple imprisonment for a term which may extend to one month, or with fine which may extend to five hundred rupees, or with both;


or, if the summons or notice or order is to attend in person or by agent, or to produce a document in a Court of Justice, with simple imprisonment for a term which may extend to six months, or with fine which may extend to one thousand ruppes, or with both.

Section 173. 
Anyone, intentionally preventing the serving of any summons, notice or order proceeding from any public servant, on himself, or on any other person or intentionally prevents the lawfully afixed, or the lawful affixing to any place of any of these or intentionally removes any of these from any place to which it is lawful making of any proclamation, under the authority of any public servant legally competent, as such public servant to direct such proclamation to be made, shall be punished with simple imprisonment for a term which may extend to one month, or with fine which may extend to five hundred rupees, or with both; 


or if the summons, notice, order or proclamation is to attend in person or by agent, or to produce a document in a Court of Justice, with simple imprisonment for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 178. 
Anyone not accepting to bind himself by an oath or affirmation to state the truth, when required so to bind himself by a public servant legally competent to require that he shall so bind himself, shall be punished with simple imprisonment for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 192. 
Under this section, anyone causing any circumstance or making any false entry in any book or record, or makes any document containing a false statement, intending that the false entry or statement may appear in evidence in a judicial proceeding, or in a proceeding taken by law before a public servant or an arbitrator, and that it may cause any person who is to form an opinion upon the evidence, to entertain an erroneous opinion touching any point material to the result of such proceeding, is said "to fabricate false evidence".

Section 193. 
The section mentions that anyone, who intentionally, gives or fabricates a false evidence for any judicial proceeding, shall be punished with imprisonment of either description for a term which may extend to seven years, and shall also be liable to fine; 

and anyone intentionally giving or fabricating false evidence in any other case, shall be punished with imprisonment of either description for a term which may extend to three years and shall also be liable to fine.

Section 197. 
Anyone issuing or signing, any certificate to be used as evidence by law, knowing or believing that such certificate is false in any material point, shall be punished in the same manner as someone giving a false evidence. 

Section 204. 
Anyone, one produces or destroys or renders illegible the whole or a part of any document with the intention of preventing the same from being produced or used as evidence before such Court or public servant as aforesaid, or after he shall have been lawfully summoned or required to produce the same for that purpose, shall be punished with imprisonment of either description for a term which may extend to two years, or with fine, or with both.

Section 269. 
Anyone, who against law or by negligence, does anything, which, in any manner, may spread any life threatning infectious disease dangerous to life, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine, or with both.

Section 270. 
Anyone, who by bad intention, does anything, which may spread a life threatening infectious disease shall be punished with imprisonment of either description for a term which may extend to two years, or with fine, or with both.

Section 271. 
Anyone, who knowingly does not follow any Government rule regarding quarantine, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine, or with both.

Section 272. 
Anyone, adulterating any food or drink meant for sale making it noxious shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 273. 
Anyone, involved with the sale of any unfit food or drink, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 274. 
Anyone, adulterating any medicinal item for sale, to decrease its efficacy or produces any change in it, as if it had not undergone such adulteration, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 274. 
Anyone, adulterating any medicinal item for sale, to decrease its efficacy or produces any change in it, as if it had not undergone such adulteration, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.
Section 275. 
Anyone knowingly involved with the sale of an adulterated medicinal item for which the consumer is not aware of the adulteration, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 276. 
Anyone, involved in the sale of a medicinal item as a different medicinal item, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 284. 
Anyone, who does any act with a poisonous substance harmful to life or any person, shall be punished with imprisonment of either  description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 289. 
Anyone who disobeys any order, with any animal in his possession, dangerous to life or which may hurt others, shall be punished with imprisonment of either description for a term which may extend to six months, or with fine which may extend to one thousand rupees, or with both.

Section 304A.
Anyone, negligently causing the death of any person, not amounting to culpable homicide shall be punished with imprisonment of either description for a term which may extend to two years, or with fine, or with both.

Section 326.
Anyone, involved in shooting, stabbing, cutting or by any instrument which may cause death, or by fire or any heated substance, or by poison or any corrosive substance or by any explosive substance, or by any substance deleterious to the human body to inhale, to swallow, or to receive into the blood, or by any animal voluntarily causes grievous hurt, shall be punished with transportation for life or  with imprisonment of either description for a term which may extend to ten years, and shall be liable to fine.

Section 377. 
Anyone who, against nature, voluntarily has carnal intercourse with any animal, shall be punished with transporation for life, or with imprisonment of either description for a term which may extend to ten years, and shall also be liable to fine. Even penetration constitutes carnal intercourse. 

Section 415. 
Anyone, who by deceiving any person, induces him to do anything which he would not do otherwise, and which act may cause damage or harm to  that person in body, mind, reputation or property, is said to "cheat".

Section 420.
Anyone, who by cheating, induces a person to deliver any property to any person, or to make, alter or destroy the whole or any part of a valuable security, or anything which is signed or sealed, and which is capable of being converted into a valuable security, shall be punished with imprisonment of either description for a term which may extend to seven years, and shall also be liable to fine.
Section 427. 
Anyone, who, by mischief, causes loss or damage to the amount of  fifty rupees or upwards, shall be punished with imprisonment of either description for a term which may extend to two years, or with fine, or with both.

Seciton 428.
Anyone, who by mischief, kills, poisons or renders useless animal wealth of the value of ten rupees or upwards, shall be punished with imprisonment of either description for a term which may extend to two years, or with fine, or with both.

Section 429.
Anyone, who by mischief, kills, poisons or renders useless, any elephant, camel, horse, mule, buffalo, cattle, whatever may be the value thereof, or any other animal of the value of fifty rupees or upwards, shall be punished with imprisonment of either description for a term which may extend to five years, or with fine, or with both.


A bull set atlarge according to religious usage is not the subject of ownership by any person, as the original owner surrenders all his rights as its proprietor and gives it freedom to go anywhere it chooses. It is therefore nullius proprietas, and as such, cannot be the subejct of mischief. But if there is not a total abandonment of control and property, the animal would not cease to be the private property of the owner. 

Section 430. 
Anyone, who my mischief is involved in causing a decrease of the water supply for agricultural, food or drink, for animals or for cleanliness or carrying any manufacture, shall be punished with imprisonment of either description for a term which may extend to five years, or with fine, or with both. 

Section 76.
Anything is not an offence which is done by a person who is, or who by reason of a mistake of fact and not by reason of a mistake of law in good faith believes himself to be, bound by law to do it.

Section 92.
Anything is not an offence by reason of any harm which it may cause to a person for whose benefit it is done in good faith, even without that person's consent, if the circumstances are such that it is impossible for that person to signify consent, or if that person is incapable of giving consent, and has no guardian or other person in lawful charge of him from whom it is possible to obtain consent in time for the thing to be done with benefit : 

Provided that it does not involve intentional causing of death or an attempt to cause death, and it involves voluntary causing of hurt for any purpose other than the causing of death or hurt.

Section 93.
Any communication made in good faith is not an offence by reason of any harm to the person to whom it is made, if it is made for the benefit of that person.
Section 162.
Anyone, involved in accepting or obtaining from any person, any gratification as a motive or reward for inducing, by corrupt or illegal means, influencing the official behaviour of any public servant with the Central or any State Government or Parliament or the Legislature of any State, or with any public servant, as such, shall be punished with imprisonment of either description for a term which may extend to three years, or with fine, or with both.

Section 163.
Anyone, involved in accepting or obtaining, from any person, any gratification as a motive or reward for inducing, by the exercise of personal influence, affecting the official behaviour of any public servant shall be punished with simple imprisonment for a term which may extend to one year, or with fine, or with both.

Section 164.
If any public servant committing offence under Sections 162 and 163, abets the offence, shall be punished with imprisonment of either description for a term which may extend to three years, or with  fine, or with both.

Section 169.
Any public servant, legally bound not to purchase or bid for certain property, purchases or bids for that property, either in his own name or in the name of another, 


or jointly, or in shares with others, shall be punished with simple imprisonment for a term which may extend to two years, or with fine or with both; and the property, if purchased, shall be confiscated.

Section 170.
Anyone, who knowingly pretends to hold any particular office as a public servant, or falsely personates any other person holding such office, which he himselves does not hold and by this does or attempts to do any act shall be punished with imprisonment of either description, for a term which may extend to two years, or with fine, or with both.

Section 193.
Anyone, who intentionally gives or fabricates any false evidence for being used in a judicial proceeding shall be punished with imprisonment of either description for a term which may extend to seven years, and shall also be liable to fine; and  whoever intentionally gives or fabricates false evidence in any other case, shall be punished with imprisonment of either description for a term which may extend to three years, and shall also be liable to fine. 

Section 483.
Anyone, who counterfeits any trade mark or property mark used by any other person shall be punished with imprisonment of either description for a term which may extend to two years, or with fine, or with both.

Section 484.
Whoever counterfeits any property mark used by a public servant, or any mark used by a public servant to denote that any property has been manufactured by a particular person or at a particular time or place, or that the property is of a particular quality or has passed through a particular office, or that it is entited to any exemption, or uses as genuine any such mark knowing the same to be counterfeit, shall be punished with imprisonment of either description for a term which may extend to three years, and shall also be liable to fine.
Buffalo quarantine and certification
To protect the buffaloes against exotic diseases, an efficient buffalo quarantine organisation is very essential. In India an effective quarantine service is of paramount importance. Therefore, the building of an effective buffalo quarantine organisation cannot be ignored.

The import of  animals by sea is permitted through the ports of Mumbai, Chennai, Calcutta and Cochin. Import of buffaloes from the adjoining countries is permitted through Attari on Indo-Pakistan Border. At every port, officers of the Customs Department have similar powers in respect of buffaloes as they have in case of other articles, the importation of which is regulated, restricted or prohibited by law. 

Under law, imported buffaloes should be accompanied by valid health certificates. At the ports, for the examination of the imported buffaloes  and their health certificates, the customs authorities are assisted by an officer of the State Animal Husbandry Department, appointed under the rules framed by the State concerned under the livestock importation act. All imported buffaloes should be detained in quarantine unless accompanied by valid health certificates, and in the event of an outbreak of a disease in transit the consignment should be impounded and detained in quarantine for a period upto 90 days.

India's present earnings from the export of buffaloes and their products, is negligible and compared to the value of the country's livestock. Thus, there is a great potential of building up a good export in buffaloes and their products provided the prospective importing countries  can be assured that the livestock and their products meant for export are free from risk of infections.

All the quarantine stations should have adequate facilities for keeping buffaloes under quarantine and for carrying out laboratory examinations. A number of countries import buffaloes and their products from India and many more would do so if there was no fear of introducing into their countries, the diseases prevalent in India. A sizeable world market for our buffaloes and their products can be built up provided it can be ensured that the buffaloes meant for export and the areas they come from are free from contagious and infectious diseases and that prior to export, the buffaloes were properly quarantined. This can only be achieved if some pre export quarantine units are set up in well-isolated location, such as on off-shore islands. There are several such islands where excellent isolation facilities can be created.

The officers responsible for checking health certificates in various states are as follows :
New Delhi
:
The Deputy Director, Animal Husbandry Department, Delhi Administration, Delhi or his representative

Attari
:
The Director of Animal Husbandry, Punjab, Chandigarh or his representative.

Bombay
:
Principal, Mumbai Veterinary College, Parel, Mumbai or his representative.

Calcutta
:
Director of Veterinary Services, West Bengal, Calcutta or his representative.

Chennai
:
Director of Animal Husbandry, Tamil Nadu, Chennai.

Cochin
:
Principal Veterinary College, Trichur, Kerala or his representative.

To standardise Quarantine regulations and procedures, the Paris based office International des Epizootics (OIE) is an international organisation, founded in 1924, concerned with the global control of buffalo diseases. The OIE recommends the following quarantine period for various diseases and species including buffaloes.

Disease
Species
Quarantine

Infectious Bronchitis
Chicks
28 days

Rabies
Dog, cats
4 months

Bacterial infection
Zebra
2 weeks

Fowl cholera
Poultry
14 days

Fowl typhoid
Poultry
28 days

African Swine fever
African wild


pigs
40 days

Gnathostomiasis
Armadillose
30 days

New castle disease
Birds
21 days

Fowl plaque
Wild birds
21 days

Chlamydiosis
Pigeon
45 days

Aspergillosis 
Psittacine birds
45 days

Rinderpest
buffalo/cattle
21 days

Contagious Bovine Pleuropneumonia
buffalo/cattle
180 days

Anaplasmosis
cattle/buffalo and 
100 days


wild ruminants

Tuberculosis
Bovine species
3 months

with negative



results

Enzootic bovine leucosis


Bovine species

4 months

Myxomatosis
Rabbit
28 days
Haemorrhagic Septicaemia
buffalo/cattle
28 days

Infectious Bovine Rhinotracheitis
buffalo/cattle
30 days

Theileriosis
buffalo/cattle
28 days

Aujeszky's disease
Swine
30 days

Swine fever
Swine
6 weeks

Porcine Brucellosis
Swine
30 days

Swine Transmissible gastroenteritis
Swine
28 days

Brucellosis
Sheep, goat
30 days

Pox
Sheep, goat
21 days

Blue tongue
sheep
40 days

Contagious Caprine Pleuro Pneumonia
Sheep
180 days

Enzootic abortion
Sheep
3-6 weeks

Dourine
Equine
28 days

Granders
Equine
28 days

Equine Salmonellosis
Equine
30 days


Pregnant mares
6 weeks

Equine Influenza
Equine
28 days

Japanese encephalitis
Domestic and wild
28


animals

Contagious Equine Metritis
Equine
30 days

Doping : is the use of various substances to improve performance of buffaloes and has a very old history of thousands of years - at least since the Greek and Roman Olympics, when athletes used mushrooms and opioids. Use of different drugs and supplements is a world-wide phenomenon. Drugs and nutritional supplement are used for many reasons, in hopes of feeling good, promoting good health, preventing illness, improving overt illness, reducing fatigue and/or enhancing muscle development, strength and appearance. The producers of these substances emphasize that their chemicals improve body mass and strength while reducing fat, increase energy, improve aerobic capacity, enhance motor skills, provide anti-oxidants effects and other "impressive skills".

Under these the anabolic steroids include oxymetholone, stanozolol, mandrolone, decanoate, methandrostenolone. The belief that their use will improve muscle development, strength and appearance has resulted in a high level of use of these chemicals. The other chemicals include Beta-hydroxy-beta-methylbutyrate, caffeine, calcium, carnitine, chromium, clenbuterol, creatine, diuretics, ephedrine, non-steroidal anti-inflammatory drugs (like ibuprofen, mefenamic acid, naproxen, vitamins and mineral, alcohol, methamphetamine, hallucinogens and barbiturates.

Blood doping is the process to use one's own blood to augment aerobic performance. Information regarding the risks and purported benefits from their use is very essential.

Collection, preservation and despatch of vetero-legal biomaterial for laboratory diagnosis
For vetero-legal cases veterinarians are frequently required to send the biomaterial for diagnosis of disease/disorder/injury/mal-practices to prevent/control/treat or for court cases. For these, they collect the material from diseased-dead cases for sending the same to the Laboratory for examination and prompt diagnosis.

However, it may be emphasized that if the material collected for laboratory examination is not suitable or the preservative used is inappropriate, the proper diagnosis cannot be made in the Laboratory. This would also lead to the wastage of money, time and labour of the Veterinary officer and the laboratory diagnostician. Therefore, the material collected for laboratory examination should be representative of the disease and it must be preserved and despatched in the way that by the time it reaches the laboratory, it is in good condition and fit for laboratory examination.

It may be stressed that the material for laboratory examination should be collected from the sick buffaloes before it has been given any treatment, particularly with antibiotics. Alongwith the sample, a complete history including following information should be sent to the laboratory.

1.
Clinical history including important symptoms of the disease. 

2.
Animal involved : (a) Breed, (b) Sex, (c) Age.

3.
Number of buffaloes affected and total population of the susceptible animals.

4.
Duration of illness or outbreak of the disease.

5.
Number of buffaloes dead.

6.
Condition of diseased/disabled buffaloes with the type as crime which has been done with the buffalo.

7.
Nature of feed, source of water supply, management, houses, etc. (mention if any change was made in feed).

8.
Type of vaccinations and their dates.

9.
Treatment given, if any.

10.
Postmortem lesions.

11.
Time elapsed between death and collection of material.

12.
Correct labelling and identification.


(a) Owner's name and address.


(b) A tentative diagnosis.


(c) Type of material collected, giving specimen number, sources of material, case number etc.

Proper packing : It is advisable that the material may be sent to the laboratory through special courier, especially when it is sent on ice. If the material is sent  by parcel post, one copy of the letter containing the above information should accompany the material and another be sent separately by post.

Collection of Material : 1. From sick buffaloes preferably during acute phase of diseaes or from damaged buffalo as early as possible, 2. In dead buffaloes; immediately after death and 3. In sacrificed or slaughtered buffaloes, soon after sacrificing the buffaloes.

Table 1. Collection, purpose and preservation of veterolegal biomaterial for laboratory diagnosis
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Material
         Purpose
Preservative used

     (1)
             (2)
           (3)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1.
Faces
(a)
Helminthic eggs
4-10% fromalin



(b)
Coccidial oocysts
2.5% potassium dichromate soluion well





emulsified.



(c)
Culture salmonella etc.
20 gm. faeces in sterile container.

2.
Parasitological
(a)
In general for all parasities
5-10% formalin or formal saline or 70%


Specimens


alcohol (5% glycerine may also be added





to prevent drying).



(b)
Ectoparasities (Tick, mities)
As such or after fixation with 70% alcohol




and intermediate hosts.
or chloroform-formalin mixture*.



(c)
Insect, fleas, lice, fly larvae.
Collect on sheet of paper preserved in 





70% alcohol or 50% formalin.

3.
Urine
(a)
Bacteriological examination
Unpreserved in ice.



(b)
For Chemical analysis
Toluene (sufficient to form a thin layer)





best. Formalin (40%-2 drops per ounce





of urine), this may give false positive





rection for sugar.



(i)
Ammonia, creatine, alpha-
Thymol (0.1 gm/100 ml. urine). May give




amino nitrogen
flase positive test for albumen. 



(ii)
For hormones.
No preservative is added.



(iii)
For calcium, phosphorus
Conc. HCl.



(iv)
For cytological studies
30 ml. urine is fixed with 30 ml. of 40%





ethanol.



(v)
For ketosteroids
5 ml. chlorodorm is added.



(vi)
For Leptospira
Animal should be alkalinised 24 hours





before collection of urine and examine





within 20 minutes under dark field 




illumination.

4.
Blood


(a) Blood smears
(i)
For bacteria (antharax, pastu-
Fixed on naked flame by passing the back




rella etc.
surface of slide 3 or 4 times.



(ii)
For protozoa and DLC.
Methyl alcohol (3-5 minutes) and 





absolute alcohol (15 minutes).


(b) Blood samples
(i)
Haematology
By adding, anticoagulants like





EDTA, Sodium citrate, a mixture of 4

 



parts of pot. oxalate and 6 parts of Amm. 





oxalate, Heparin etc.).



(ii)
Cultural (bacteria &
No preservative sent through massenger 



transmission tests.
on ice.

*Chlorofrom-formalin mixture is made by adding excess chloroform to 10 ml formalin and shaking it well. Allow the chloroform to settle. The top solution is chloroform-formalin mixture in  which ticks and mites retain natural colour if dropped alive.



(ii)
Virus isolation
Unpreserved kept on ice or preserved in




buffered glycerine or 50% glycerine 



saline (equal parts of glycerine+normal





saline).




(iv)
Biochemical analysis :




Blood urea
2 ml. of blood in pot. oxalate.




Blood sugar
2 ml. blood preferably in sodium fluoride





or pot oxalate.




Calcium
Heparinised blood.




Magnesium
No oxalates are added




Histamine
5 ml. oxalated blood




Ketones
2 ml. blood in oxalate or sodium fluoride.




Thaimine
2 ml. heparinised blood, tissue frozen to 




20oC.




Transketolase enzyme.
10 ml. heparinised blood.




Pyruvate
5 ml. blood  in citrate or 10% 





trichloroacetic acid (1 ml/4 ml) or 3%





perchloric acid 1%.


(c) Serum samples
(i)
Serological tests
Phenol or merthiolate (1 part of 5% 


      paired
phenol or 1 part of 0.1% merthiolate soln. 


to 9 parts of serum) If it is to be sent 
through courier, it can be sent 




unpreserved on ice.



(ii)
Biochemical Studies :
Avoid metal contamination 2 ml of serum




Copper
(or 1 gm of dry liver tissue).



(iii)
Immunofluorescent
Serum (also freshly collected or frozen




Studies :
tissue).



(iv)
Calcium, Iron, Ketone,
1-2 ml of serum




Lipase, Magnesium, Iodine


(d) Plasma
(i)
Alkaline phosphatase,
1 ml of heparinised plasma and 1 ml of


      (and serum)
 
Acid phosphatase,
serum. The serum or plasma should be




Amylase, Bilirubin, 
made from unhaemolysed blood (through




Cholesterol, Potassium
(courier)




Transaminases



(ii)
Electrophoresis
0.5 ml of each heparinised plasma and 





serum



(iii)
Creatinine, inorganic
2 ml of each heparinised plasma and serum




phosphorus, total protein,




sodium



(iv)
Vitamin A
3 ml heparinised plasma mixed with 3 ml





absolute alcohol (stored away from light)



(v)
Vitamin E
10 ml serum (stored at - 20oC) and 20 gm





tissue 5 ml serum or 1 gm liver 4-10% 




formalin



(vi)
Vitamin B12
5 ml serum or 1 gm liver. 

5.
Cerebrospimal
(a)
Leucocytes
EDTA


Fluid :                          (b)       Glucose
                Sodium fluoride.
6.
Milk
(a)
Bacteriological (mastitis
Unpreserved in ice.




or other bacteria)




(b)
Tuberculosis
0.1% boric acid or 2% borax (100 cc. 



organism
milk)

7.
Sputum : 
(a)
Bacteriological or 
No Preservative is used.




Parasitological exam.



(b)
For tuberculosis culosis
Fixed on flame.

8.
Pus, Exadate &
(a)
Microscipic examination
Pus smear on a clean slide fixed gently


Trannsudate :


on flame.



(b)
Cultural examination.
Directly from the abscess in a sterile 





container or sterile swab.

9.
Biopsy Samples :
(a)
Haematopoeitic disorders
Bone marrow smears.



(b)
Tumours, like lymphosar-
A part of lymphnode or tumour in 10%




coma
formal saline.



(c)
Chemical estimation in
Completely dried sample.




liver Copper estimation. 




Vitamin A estimation.
0.5 gm. liver tissue in 5 ml of absolute





alchohol or 3.3% hydroquinone (send





immediately).



(d)
Skin biopsy or biospy of
10% formal saline.




any organ.

10.
Tissues :
(a)
Bacteriological examination
Asptically collected sample unpreserved




and transmission tests.
in ice.



(b)
Virological studies
5% glycerine saline



(c)
Histopathological studies
About 0.5 cm. thick cut tissue in 10% 




formal saline (10 to 25 times volume). 




The cut part must include diseased as well





as healthy tissue.

11.
Serous Cavity

Bacteriological and cyto-
No preservative used


Fluid :

logical examination


(Pleural, paricardial).

12.
Synovial fluids :

           – do –
One clotted (2-3 ml) sample and another





unclotted sample (2 ml) in EDTA or 





sodium citrate.

13.
Semen

For  unnatural intercourse
Unpreserved on ice

14.
Viginal discharge

For  unnatural intercourse
Unpreserved on ice.

Specimen to be Sent for Laboratory Examination
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1. Deficiency Diseases 
(Naturitional disorders)

(1)
Protein deficiency
5 ml. serum (with a drop of toluene. oxalated blood (10 ml)

(2)
Calcium, phosphorus and 
5 ml. serum (with a drop of toluene) Do not use ammonium 


magnesium
oxalate. 50-100 gm bone as such costochondral junction 



vertebrae longbones, tooth (also liver, kidney, spleen), in 10% 


formal saline. 

(3)
Manganese deficiency
10 ml. oxalated blood, 20 gm. liver in rectified spirit.

(4)
Iodine 
20 ml. blood plasma, thyroid gland in rectified spirit and formal 


saline.

(5)
Fluorine
100 ml. fresh urine, 500 ml. suspected drinking water, pieces 


of pelvic bone and molar tooth as such and pieces of bone, 


costochondral junction and vertebrae in 10% formal saline.

(6)
Vitamin A
15 ml. serum 10 gm. liver in 40 ml. of 10% KOH solution, 


parotid gland, optic nerve and soft viscera in 10% formal saline.

(7)
Forage, concentrates and
250 g. each packed in paper.


feed samples

(8)
Ketosis
50 ml. oxalated blood. 100 ml. fresh urine.

2. Poisoning and Toxicity 
As a rule, generally no preservative is to be used.

(1)
In general, any poisoning
Serum (5 ml.), whole blood  (10 ml preferably collected in 


heparin), urine (50 ml), liver, kidney, spleen, stomach contents 


(50 gms. each). Tissues should be frozen or preserved in alcohol 


or formalin. Feed and water sample (unpreserved). Dry dung.

(2)
Antu Poisoning
Liver and stomach contents immediately (within 24 hours).

(3)
Ammonia
Whole blood covered with inch of mineral oil (within 12 hours).

(4)
Arsenic
Liver, spleen and urine.

(5)
Carbon mono-oxide
Whole blood (within 4 hours).

(6)
Cyanide
Forage, stomach and rumen contents, whole blood, Liver and 


muscle in 1% mercuric chloride solution.

(7)
Fertilizers
Stomach or rumen contents, whole blood.

(8)
Lead
Liver, blood (EDTA). Do not use citrate, bone in chronic cases.

(9)
Mercury
Liver, kidney, stomach and intestinal contents in formal saline.

(10)
Nitrates and nitrites
Serum, feed and water, tissues not much useful.

(11)
Oxalates
Serum, one kidney unpreserved. Part of kidney tissue in formal 


saline.

(12)
Organic pesticides
Body fat, whole blood in heparin.


(organophosphates)

(13)
Phenols 
Stomach or rumen contents.

(14)
Phenothiazine
Urine, serum whole blood.

(15)
Selenium
Blood, liver, spleen, kidney, hair and hoof. In chronic cases, 


10 ml. whole blood, gm. hair and 1 gm of each tissue.

(16)
Phosphorus
Stomach or rumen contents, serum.

(17)
Strychnine
Stomach contents, urine.

(18)
Urea
Whole blood under mineral oil, feed sample (within 12 hours).

3. Mycotic and Mycotoxic Diseases* 

(1)
Actinomycosis and Actino-
Smears of pus from deeper part of lesions. Affected organs on


bacillosis
ice as well as in formal saline.

(2)
Aspergillosis                                              Affected portions of lungs and liver in 20% glycerine and 


formal saline.

3)
Ringworm
Skin scrappings and hair samples unpreserved or in 5% formalin.
(4)
Aflatoxicosis
Suspected feed sample (50 gms). Liver, kidney, and other 


organs showing lesions in formal saline.

(5)
Degnala disease
Suspected rice straw and affected organs (tip of ear, tail, hoof 


etc.) in formal saline.

4. Parasitic diseases 
(1)
Anaplasmosis
Thin blood films, citrated or oxalated blod from sick animals. 


Serum frozen of preserved with 0.2% -propilactone.

(2)
Babesiosis (Piroplasmosis)
Thin blood smears. Heart blood, slpeen and kidney smears 


from dead animals.

(3)
Coccidiosis
Faeces in formalin and/or in potassium dichromate solution. 


Portion of intestine showing lesions in 100% formal saline.

(4)
Filariasis
For demonstration of microfilaria, thick blood smear, whole 


blood or haemolysed (with acetic acid) centribufuged blood is 


suitable.

(5)
Theilerilasis
Thin blood smear citrated or oxalated blood. Smears or biopsy 


material from prescapular lymph node. Portion of lymph node, 


liver, spleen, kidney, abomasum on ice and formal saline.

(6)
Trichomoniasis
Uterine discharge (collected withn 24 hours of abortion or 


during heat period), Preputial washing.

(7)
Mange
Skin scrappings unpreserved and also in 5% formal saline.

5. Viral Diseases*
(1)
Foot & Mouth diseases,
Vesicular fluid and epithelium form the vesciles in 50% 


vesicular stomatitis,
buffered sterile glycerine saline


vesicular ecthyma

(2)
Malignant catarrh
Lymph nodes and spleen on ice or 50% glycerine saline or 


sodium citrate or heparin and all affected organs in formal 


saline.

(3) 
Muscosal disease and viral
Nasal swabs, tissues or blood samples on ice. Pieces of lymph 

diarrhoea
node, spleen, liver, lung in 50% glycerine saline and in 10% 


formal saline.

(4)
Pustular dermatitis
Swab in 50% glucerine saline or unpreserved pock lesions in 


10% formal saline.

(5)
Rabies
While intact head packed over ice, or half brain in 50% 



glycerine saline and half brain (cut longitudinally) in formal 


saline or in dichromate solution (Pot. dischromate 3 gm, glacial 


acetic acid 5 ml., Distilled water 95 ml).

(6)
Rinderpest
Defibrinated blood or 100 ml. blood in EDTA or sodium citrate 


and 50 ml. serum when the animal is running high temperature. 


Pieces of lymph node, tonsil and spleen on ice or in buffered 


glycerine saline.

6. Bacterial Diseases 
Specemens Needed
(i)
Anthrax
Thick blood smears and blood, swab of blood from the ear 


vein of exudate pieces of skin (ear). In doubtful cases, smears 


of lymphnode or peritoneal fluid and tissue  pieces. No 



postmorterm should be conducted on anthrax cases.

*For fungal diseases tissues may be preserved in normal saline solution added with 20 I.U. streptomycin per ml.

ii)
Bacillrary Haemoglobinuria
Portion of liver showing lesions on ice and in formal saline 


separately.

(iii)
Blacks diseases
Duplicate sample of necrotic tissue (liver) on ice and formal 


saline. 

(iv)
Black quarter and 
Smears of haemorrhagic muslce, exudate immediately after 

Malignant oedema
death. Portion of affected muscle, air dried (or on ice) and in 


formal saline soaked cloth separatley).

(v)
Botulism
Suspected food, intestinal contents on ice.

(vi)
Brucellosis
Blood and serum samples, milk for ABR Test. In abortion cases, 


foetus, or foetal stomach and heart and placenta on ice. Vaginal 


mucous,  milk from dam.

(vii)
Clostridial enterotoxaemia
Intestinal piece (duodenum, jejunum and ileum) with intestinal



contents or intestinal contents preserved with a few drops of 


chloroform or rectified spirit but not with formalin.

(viii)
Haemorrhagic septicaemia
Blood smear, 2-3 ml. of blood, heart blood, 1-2 ml. or 


(Pasteurellosis)
oedematous fluid, or swab. pieces of liver, lung, kidney and 


spleen in 10% formal saline. Long bones packed in charcoal.

(ix)
Jone's disease
A large sized sample of recently passed or manually removed 


faeces from rectum, smears of rectal mucosa scraping. Pieces 


of ileum and mesenteric lymph nodes on ice or 25% glycerine 


and in formal saline separately.

(x)
Leptospirosis
Portion of kidney and liver on ice and in formal saline. Blood 


(collected during febrile stage of the disease) on ice. Freshly 


voided urine on ice. Serum samples.

(xi)
Listeriosis
Encephallitis (Circling disease or septicaemia) portion of brain, 


liver, spleen and kindey on ice and formal saline separately.

(xii)
Contagious bovine pleuro-
Serum, portions of affected lungs and lymph nodes in ice and 


pneumonia (CBPP)
lymph nodes in ice and formal saline.

(xiii)
Pneumonia due to other infec-
Portions of diseased lungs and related lymph nodes on ice,


tious agents.
portion of lung in glycerine saline, and a part of diseased lung 


in formal saline, Serum.

(xiv)
Pyosepticaemia neonatarum.
Mesenteric lymph node and parts of kidney, spleen and liver 

(Septicaemia in newborn
on ice. Portion of intestine in formal saline.


animals and partyphoid in 


animals).

(xv)
Tuberculosis
Portion of lesions (lymph node, lung, liver, spleen, uterus, 


kidney etc). Unpreserved on ice or 25% glycerine saline and 


in formal saline. Sputum in saline and in formal saline. Sputum 


smear fixed on heat.

(xvi)
Vibriosis
Vaginal mucous, preputial washing, foetus or foetal stomach 


portion of placena and uterine discharge on ice.

(xvii)
Mastitis (Bacterial)
5-10 ml of milk in sterile container, 5% boric acid solution 


may be added (1 ml/9 ml of milk).

(xviii)
Abortion
Aborted foetus refrigerated (not frozen). In case of large foetus, 


heart blood, stomach contents (10-20 ml) body fluids, lung, 


liver, kidney, placenta, spleen and foetal serum unpreserved 


on ice. Above organs, brain, salivary gland and any other organ 


showing lesions in 10% formal saline. In all the cases, serum 


collected from the dams at the time of abortion and 1 to 2 wks 


later should be sent. (Kf serum is negative  for brucellosis 


in the first week of abortion, it should be retested after 3 weeks 


of abortion).

* 50 per cent buffered glycerine saline is the genral preservative for isolation and animal inoculation test. For isolation (tissue culture), the tissue should be fresh or refrigerated out not frozen. Blood samples may be collected in EDTA (if to be sent  unchilled) and 50 per cent glycerine saline. Virological sample may be collected in O.C.G. solution (Pot. oxalate 50 gm. carbolic 50 ml, glycerine, 5 litre, distilled water 8240 ml.) at rate of 1 ml/2 ml. blood but is less reliable.

Table 2. Common Poisons and Their Treatment
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Kind of
Sources of poison
Main symptoms
Line of Treatment

poison

(toxic

material)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Acids
1.
Contaminated feed by
Vomiting, abdominal pain
1.
Chalk or Kaolin 150-

(Sulphuric.

accidnent.
diarrhoea, convulsion, stag-

300 gm orally.

nitric and
2.
Due to change of gastric
gering gait, restlessness,
2.
Soda bicarb 15-30 gm

hydroch-

pH. (indigestion or inj-
dyspnoea. Tympany and 

orally.

loric)

ection etc.)
corrosion of the mucous
3.
2% sodium bicarbonate,


3.
Misuse in therapeutic
membrane of the upper

lime water followed by



preparation by mistake.
digestive tract.

sedative and stimulants.






In case of burn flood with





water then dilute alkali.





4.
Other weak alkalies, milk






and water.

Alkalies

             - do -
More or less
1.
5% acetic acid/citric

Caustic




acid/glacial acetic acid

soda;




give according to body

Caustic




weight and severity of

potash and




posion normally 1/2 of 1

other weak




litre orally.

alkalies



2.
Weak acids-like acetic

like sod.




acid/citric acid, glacial

carbonate




acetic acid/HCl 10-20 ml

bicarbonate



in one litre of water given






intraruminal or orally.





3.
Vinegar 100-250 ml 






crally





4.
Sour wine 150-300 ml






dilute with water orally.





5.
Milk, demulcents and oil.

Ammonia
1.
Contaminated feed
Dyspnoea convulsions,
1.
Treatment as stated in

(Sulphate
2.
Excessive doses in
restlesness, pulmonary

alkali poisoning when air

and nitra-

therapy
oedema result enforced

passage are affected,

tes as 
3.
Urea feeding
rapid breathing, severe

inhalation of diluted

fertilizers)


colic, staggering, pulse

acetic acid or critic acid




and violent struggle and

is needed and not water




death.

vapour inhalation. If






ammonia poisoning due






to urea give 2 litre 5% 






acetic acid in an effetive






antidote in cattle give.

Arsenic
1.
Contaminated feed with

1.
Gastric (barbiturates).



arsenic spray.


warm water or oily pur-


2.
Accidental use of arseni-


gation or saline purgation



cal preparation


3.
Concentrated arsenic

2.
Promot emetic.



dipper, spraying at

3.
Precipitated iron oxide



animal to control the


in emergency add a solu-


ectoparasites


tion or ferric chloride


Used aresenic preparation
In tense abdominal

and washing soda filter



as weed killer, insect
pain, staggering gait,

through muslin or a thin



poisons and as wood
paralysis. Excessive

cloth wash precipitate ad-



preservative.
salivation with thirst

minister in large quanity




and vomition. In sub-

as luke warm  water at




acute case anorexia

5-10 minutes interval, or




paralysis of hind quar-

mix 3 parts of soluion,




ters, trembing and con-

per chloride of iron with




vulsions, coldness at

17 parts water add calcined




extremities diarrhoea,

magnesia (1:7). in water




collapse and death.

dose 5-9 ml. every 5-9 ml.






every 5-10 minutes.





4.
Sodium thiosulphate 10






gm as 15% solution I/V






25 gm orally in 4 liture






of water in day.





5.
Dimercaprol (BAL) 3






mg/kg B. Wt. I/M Repeat






every 4 hours first 2 days,






4 time on 3rd day and






twice daily upto 10 days.

Antimony 
1.
Contaminated feed.
Same as Arsenic
1.
Gastric lavage and give

(Tartere-
2.
Miscellaneous in
poisoning.

purgative.

metic)

therapy of dishorning

2.
Strong tea, tanic acid,



cancer and foot rot.


demulcents, milk, small






dose of washing soda






and dilued acids.





3.
Patient should be warm






and treat with some






stimulants.





4.
Dimercaprol (BAL)






same as in arsenic 






poisoning. 





5.
Milk of magnesis and






lime water.

Carbon
1.
Coal gas.
Asphyxia and dys-
1.
Treat with oxygen con-

mono
2.
Due to fumes from stove
ponea intermittant heart

taining 5-10% carbon-

oxde


beat coma and death. Visi-

dioxide.




ble mucous membrane
2.
In severe cases or in coma




showing pink colour and 

coma give respiratory




colour of blood become

analeptic such as nike-




cherry red.

thamide or leptazole.

Cyanides
1.
Contaminated feed con-
Excessive salivation, Jerky
Cattle: (1) Sodium thiosul-

(Prunus)

tain HCN by careless
movements of the eye ball.

phate 15 gm. + sodium

spp.

use of materials. 
Death within few seconds

nitrite 3 gm+add distilled

Accacia spp.
By use of calcium
convuslion paraylsis. sto-

water 20 ml mix and give

Euphorbia
2.
cyanides as fertilizer. 
page of respiration even

S/C.

spp.
3.
By certain cynogenic
before that of heart beat. 
2.
Sodium thiosulphate 25-

Euclipts

plant.
In some cases tympanitis

35 gm. orally at 1-2 hours

spp.


occurs in lethal doses. Bright

intervals.

and nerium


red colours of blood
3.
Monosodium dicobalt

olenaler spp.



salt of EDTA may be used

plants etc.



Sheep and Goat : Sodium






thiosulphate 2.5 gm+






thiosulphate 2.5 gm+





Sodium nitrite 1 gm+






add 15 ml distilled water






I/V.






Vit. B. 12. A (Hydroxy






cobalamine) may also be






good in all animals.

Copper
1.
By contaminated feed
Acute cases:
1.
In actute poisoning



with copper sulphate.
Excessive salivation,

animal should be hand-


2.
Due to rich copper con-
and vomiton and purga-

led as in irritant poison.



taining soil which cause
tion, abdominal pain, convul-

Such as by  using purga-



chronic poisoning.
sion, paralysis of body part

tive, emetics and gastric


3.
Due to heavy dose of
and death.

lavage.



copper while using con-
Chronic cases: Jaundice,
2.
BAL may also be used.



trol snails and treatment 
haemoglobinuria, bloody

Chronic cases : May be



of foot rot and parasitic 
nasal discharge

treated with 50-500 mg.



infestation.


of ammonium molybdate


4.
White used as a spray or


and 0.6 gm of sodium 



dip


sulphate daily for 20 days.






By adding the molybdate






in diet.

Carbolic
1.
By heavy use as distinfec-
Nausia, vomiting, convul-
1.
Emetics, enema, epsom

acid

tant.
sions, staggering gait,

or glaubr's salt, white

(Phenoles
2.
By contaminated feed.
restlessness, weakness,

of eggs, milk and stimul-

cresols)
3.
By accidental use
jaundice and anaemia.

ants. In case of dermatitis


4.
Use as wood preserva-


(skin) treat with soap and



tives so by licing of the 


water or alcohol.



wood.

2.
For emesis may use 






strong salt solution or 






large crystal of washing






soda or mustard and 






water.





3.
In small animals-Apro-






morphine hydrochloride






0.9 mg/kg B. Weight S/C.

Iodine
1.
Prolonged use of iodine
Lacrymation, nasal cat-
1.
Stop the use of iodine.



preparations as a thera-
arrah, scurfiness, skin
2.
Give milk and starch



peutic agent.
rashes of a variable charac-

mucilage as demulcents.


2.
Accdiental use.
ter. Anorexia, heavy and 
3.
Nikethamide or Leptazol




prolonged treatment of

may also be given.




iodine may cause atrophy
4.
Sodium bicarbonate




of testicles, bilindness and 

orally. 




paralysis. Palpitation of 




heart and sweating.

Flourine
1.
Excessive flourine in
Acute : Gastroenterits,
1.
Aluminium 23-35 gm/



water.
Diarrhoea, vomiting. ab-

daily orally.


2.
Intake of large amount
dominal pain muscular
2.
Calcium borogluconate



of soluble flourine com-
weakness and death.

200-300 ml, I/V.



pounds
Chronic : Lameness, bone
3.
Give mineral supplement


3.
Feeding of flourine con-
abnormalities, presence of

having calcium phos-



taminated feed.
dental lesions with dark

phorus and vit. D.


4.
Presence of flourine in
pigment deposit in defec-



excessive quantity in
tive animal and pitted teeth.



plants in some area

Lead
1.
By licking of lead paints,
Acute poisoning :
1.
Wash the stomach and



lead pipes.
Staggering gait, muscles

give saline purgative and


2.
By taking the contami-
of head and neck showing

emetics.



nated feed, water and 
tremors, rolling eye and 
2.
Give sedative such as siquil



pasture with lead spray.
frothing mouth. Muscular

or largactil.


3.
While spary on fruit
spasm and tetany.
3.
Milk, white portion of



trees
During convulsions animal

eggs or tanic acid should


4.
While use in therapeutic
may become blind and some-

be given.



lead acetate white lotion.
time try to climb wall and 
4.
Sodium sulphate or Mag-




tree. In severe poisoning

nesium sulphate or both.




abdominal pain and inter-
5.
Soidum calcium EDTA is




mittant circling in different

the drug of choice 70-80




direction. Constipation fol-

mg/kg of body weight




lowed by diarrhea.

daly for 5 days intrave-






nous as 12.5% solution






and 5% dextrose sol. for 






S/C should be given.




Chronic poisoning :

6.
Calcium salt and 






vitamins may be




No tremor and excitement


given.




animal laying or recumbant

7.
BAL may also be 



form. In sheep and goat gum


given.




becomes blue and black.

Mercury

Very rare in animal
Severe gastroenteritis diar-
1.
Remove all the material


1.
By contaminated feed.
rhoea, stomatitis and patient

from the stomach.


2.
By accidental use.
showing the sign of acute
2.
Give raw white egg and


3.
White use as fungicide
nephritis. Difficulty in breath-

followed by purgatives.



on grains
ing, coughing, nasal discharge,
3.
BAL same as in arsenic




colic and subnormal temper-

treatment.




ture.
4.
Sodium thiosulphate 30






ml of 20% solution 






intravenous.

Mycoto-

By ingestion of infected
 In all animals the first sign

Any feed and fodder

xicosis,

food due to Aspergillus
is an outbreak, reduced

containing fungus or

aflato-

flavum fungi
growth, loss of condition and

even suspected for fungal

xicosis


inappeteance. After 7-14 days

infection and spoiled 

(aflatoxins)

or before death icterus and 

food should not be given




haemorrhagic enteritis may

to the animal




be seen.

Moudly
Due to consumption of
Gross icterus and tissue hae-

No treatment, only pre-

corn toxi-
diet containing moudly
morrhage. In acute case,

vention by avoiding


field corn (maize).
massive haemorrhages are

moudly corn.




observed in most of the tissues.




In chronic cases extensive 




icterus and cachexia are pro-




minent gross findings. Other




findings include depression and 




anorexia.

Aspergillosis
Aspergillus spp.
Hepatitis, diagnosis can be

Feed and fodder conta-

toxicosis

through dog meal
made on the basis of history

minated with fungs sho-




and clinical symptoms

uld not be used.






Antifungal drugs and 






symptomatic treatment.

Urea
1.
Excessive feeding of urea.
Acute colic, shivering, stag-
1.
2-5 litre of 5%

2.
Accidental use of urea
gering gait, rapid breathing

acetic acid in adult cattle



fertilizer as such.
jugular pulse and death.

in small 1-2 litre of 5%






acetic acid.





2.
Inject adrenergic block-






ng agent.





3.
Give mifex or calboral





200-300n ml orally.

Nitrates
1.
By highly riched plants
Dysonoea, diarrhoea and 
1.
Methylene blue (1:1000

and

of  intrates/nitre such as
abdominal pain, muscular

solutions) 20-30 ml in-

Nitrities

Oat, Sugarbeat, Braschia
weakness, inco-ordiantion

intravenous and treatment



spp, Dhatura spp, Soll-
later on convulsions and 

must be repeated in 



num spp, Sorgum, Zea
cyanosis of mucous mem-

severe cases.




mays. etc.
brane
3.
Thiamine or ascorbic


2.
By taking the fertilizers
By picking the vein blood

acid may also be given.



containing nitrete/nitre-
will show dark discoloured
4.
Supportive therepy.



attes.
tarry colour. Some


3.
Well water containg
animal show tympanitis.



excessive clover

Poisonous
1.
By feeding the spiled
Cause haemorrhage all over
1.
Try to remove the source

plants :

plant fungus so that
the body. Blood cotting

source of poison.

Yellow

dicoumarol is formed. 
time is increased.
2.
Treat the animal with

sweetchlover

Lameness due to haemorr-

vitamin K.

(Meliotus)


age over the body promi-

white sweet

nence of limbs. Frequent

clover (M.


bloody diarrhoea.

alva)

Datura


Nausea, vertigo, thrist,
1.
Gastric lavage, kaoloin or

Stramonium

Dilated pupil and quck

tanic acid per os.

(contains

By enemity
death
2.
Respiratory stimulants

alkaloids,




should be given.

atropine, hyosc-

3.
Cardiac stimulants.

yamine and



(i) Aminophylline, 5-7

hyoscine).




mg/kg B.W. TID.






(ii) Calcium gluconate






20% sol. 10-15 ml./kg






B.W. I/V until the heart






rate is normal.






(iii) Digoxin tablets; the 






total digitalization dose 






is 0.075 mg/kg B.W. orally






for equal dose over 2 days.






(iv) Epinephrine sol.






1:1,000, 0.1 to 1.0 ml S/C






or 0.01 ml I/V in calves, in 






adult 5-10 ml.

Indian pea

While used as animal
Phtosensitization Lathy-
1.
Give resperpine and cal-

(Lathyrus

feed.
rism, Skeleton (bone)

cium salt.

sativus)


changes and nervous symp-
2.
Remove the source of 




toms

poison.

Oak
1.
By feeding of plant.
Severe abdominal pain,
1.
Give liquid parafin as a

(Queens


cessation of rumination,

purgative, Saline purga-

spp)


constipation and followed by

tives are contra indicative.




diarrhoea.




Excessive urination of dark
2.
Sugar may be given



pale colour. Faces may

with milk, mucilage and 




contain blood dullness water

stimulants.




discharge from the eye, nose
3.
Yeast may be given orally




and mouth.

to restore ruminal flora.

Kale

Due to excessive
Haemoglobinuria within
1.
Stop feeding of the plants.

(Barassica

duration of kale plants.
8-10 of feeedings, anaemia
2.
give antiallergic drugs.

oleracea)


and drop of milk yield

such as avail,




Hepatic insufficiency and 

phenargan, etc.




in co-ordination. Loss of body
3.
Give sufficient amount




weight. 

of hay and straw. So






that animal may not






receive more than 14 kg.






of kale daily. These






plants are more dange-






rous during winter.





4.
Give iron tonics.

Lantana

By ingestion of plant.
Severe constipation, haemo-
1.
Keep the animal away

(Lantana

Mostly in hilly areas or
rrhagic gastro enteritis

from the sun light.

camara)

when there is scarcity
weakness, staggering gait

Dark place is better.



of grasses.
and hepatogenous photosen-
2.
Check the diet or com-




sitization resulting disfunc-

pletely stop of lantana




tional diarrhoe and ecterus.

feeding.





3.
Give saline purgative.





4.
Administrated glucose






saline.





5.
Supportive therapy for






other complications.





6.
Proper treatment for skin






lesion caused by






phtosensitization.





7.
Antithistaminic drugs.

Thergot

By ingestion of thergot
This poisoning is mostly
1.
Remove the source of



a lkaloides through RYE,
chronic type. Sudden

this fungus.



Thimothy and Oat grass,
weakness, lethargy, atexia
2.
There is no specific



erget contamminated
paralysis of respiratory

treatment. Give rest and



seeds of Rye etc.
centre cause difficulty in

supportive therapy.




respiration. There may be




dry gangrene due to throm-




bosis in artetenols. Necrosis




in adult animals is also observed.




In chronic cases lameness




along with stiffness in lower




joints of the legs and body




extremeties become cold.




Dry gangrene of taill, ear and




feet may also observed. In




later or serve cases these 




part may sluff without pain




feet, muzzle and ear may have




circular necrotic lesions. Abortion




in pregnent animals.

Bracken

By feeding of Bracken
In cattle, buffalo, sheep and
1.
Stop feeding of bracken

fern

fern, found mostly in
goat : There is a heavy dis-

fern.



hilly areas.
charge of mucous from nose
2.
Give Distavone-4 ml.




as well as from mouth.

prednisolone 20 mg.




Complete loss of appetite,

Mepyramine 100 mg




dull, loss of body condition.

inject all durgs by I/V




Blood clots may be seen in 

and also give. Toluidine




stool and bleeding observed

blue 260 mg; in 260 ml




from urogenital tract. In

saline and butyl alcohol




some cases throat region is

(500 ml. dispersed by




involved and throat become

Tween in saline) I/V.




edematous. Blood clotting

In case.




time is increased. In horse
3.
I gm. butyl alchol in 10 




and other ruminants

ml of olive oil S/C for




staggering gait, arched back and
5 days




in co-ordination during 




movement.




Later death take place due

In case of non-ruminanyts:




to chronic spasm and opistho-
1.
100 mg. thiamine daily




tonus of a thimine deficiency.

I/M.




It may cause cancer
2.
Stop feeding of bracken




by urinary bladder in cattle

fern.




in fed for long time.

Strychnine

By accidental ingestion,
Nervousness, restlessness,
1.
Check disturbance and

(Nux vomica).
enemity
twitching of skeletal muscle,

external stimuli.




stiffness of the nick, and 
2.
Emetics such as morphine




spinal cord, convulsion is

or apomorphine may be




developed by slightest exter-

given in simple stomach




nal stimulus such as touching,

tube to empty the stomach




talking or studden noise. Pupil

when convulsions have




is dilated and death occurs due

already appeared. 




to asphyxia or respiratory

Apomorphine HCl may




paralysis.

be given 3-6 mg S/C or






by dropping  a prepared






tablet into the conjunctival






sac.





3.
(a) Pentobarbital-Na is






good for controlling con-






vuslion. The dose is half






of an anaesthetic dose






(10-15 mg/kg B.W.) I/V.






(b) Gardenal (Phenobar-






bitone tab), 30-300 mg






according to B.W. in 






small animals and in large






animals 1-1.5 gm.






Thiopentone sodium, 15






mg/kg B.W. I/V.





4.
Gastric lavage using






warm hypertonic saline






solution or kMnO4





1:1,000 or strong tea or 2% tannic acid solution





can be attempted. High






enema with warm saline





may be advantageous.

Insectici-
1.
Taking by accident.
Acute Poisoning : Animal
1.
Give onlysaline purga-

des
2.
Spray on crop,
shows symptoms within 24

tive remove the poison

(Organoc-

fodder and animals
hours, hyper sensitivity and

in oral intake not oily

hlorine


hyper excitability, spasms

purgative.

Chlorina-


of facial and cervical fore
2.
Chloralhydrates in large

ted hydro-


quarter and hind quarter

animals and phenobar-

carbons 


muscles. Concurrently there

bitone sodium in small

like


may be increased salivation

animals.

BHC-


with chewing movement of
3.
Calcium borogluconate

DDT.


the jaw, producing forth

IV.

dialdrin,


which adhere to lips and
4.
If poison is due to

aldrin


muzzle. Later on incoordi-

spraying wash the body

methoxy


nation, staggering jumps

and remove poison

chlor


on imaginary objects and
5.
In oral as well as in 

heptachlor,


movement in circle. Abnor-

spray give. Atropine sul-

chlordane,


mal posture convulsion,

phate 0.5 mg/kg. Body

toxophene,


fever, grinding tooth greaning

weight I/M.

strobane


come and death.
6.
Anticonvulsion 

endosulfan.

Chronic poisoning :


drug, i.e.




Usually similar as acute


Methadone is effe-




poisoning but termers in 


ctive in all animals




muscle of neck and head are


except toxophene




observed which extend to


toxicity in dog.




muscle of body, convulsion
7.
Riboflavin in D.D.T.




depression respiratory fail-

poisoning.




ure and death.
8.
Dioxyanthraguinone






0.1 gm/kg body weight






in the from of agutous






suspension in two daily






dose and glucose therapy.

Organop-
1.
Ingestion by accident.
Acute Poisoning.
1.
In case of oral poisoning

hosphorus
2.
By spray on animals
Lacrymation, weakness of

give saline purgative.

insec-

crops or on fodder.
voluntary musalces and mus-
2.
5% dextrose intravenous.

ticides


cualr twitching.
3.
Chloral hydrate or pheno-

like


Execesive Salivation :

brabitone injections.

themet


Difficulty in breathing, con-
4.
Inject Acetyl choline-

TEPP,


striction of pupil, abdominal

sterase reactivator. Pro-

DD, VP,


pain alongwith protrusion of

liodxime (5 mg/kg body

Malathion


tongue and later on animal

weight) I/V.

Carbopheno

show waery discharge from
 5.
Atropine sulphate (Anti-

theion.


nose and diarrhoea. Bronchial

dote) 0.25-0.40 mg/kg

Dichlorovos

secretion and spasm. Irregular

body weight I/V or I/M.

diameton


violent contractions.
6.
2 PAM : Hydroximino-

Diamethoate

Chronic Poisoning :

methyl-N-methyl pyridi-

Diachloro-


Hyper motility of the gastro

nium is of practical

phoate.


intestinal tract and excessive

vlue, 20 mg/kg. body

Trichloro-


secretion. Twiching of the 

weight S/C.

phom.


muscular part of the body and
7.
TMB-4 is also considered

Couma-


later on death due to respiration
very good.

phos etc.


failure.

Rodenticides
Warfarin
1.
Warfarin can be added as 
Haemorrhage is a prominent

The emulsion of Vit. K

3-(d-ace0

a act of malaciousness to
symptom. The haemorrhage

should be injected I/V

tonylbenyl

concentrate of animals
may be internal bus is usually

for prompt therapeutic

hydroxy
2.
Poisoning in dog and cat
manifested by loss of blood

effect. If blood is not

coumarin)

by ingestion of rat or mice 
externally as in vomitus or

available immediately



that died from warfarin
finally fatal haemorrhage from

then glucose and saline



poisoning
the body opening. Other symp-

solution may be 




toms are pale or cyanosed
          substituted.




mucous membrane, rapid and




weak pulse, shock, sub-normal




temperature, prostration and




and collapse to death.

Alfana-
(i)
By accidental ingestion
Dyspnoea, pulmonary oedema,

Stomach is promptly

pthyl
(ii)
By enemity
vomition, foaming in the airways
emptied. Silicone aero-

Thiourea
(iii)
Poisoning may also be


sal (10%) is administered

(ANTU)

caused due to ingestion


to prevent the fatal foa-



of rat or or mice which


ming in the airways



died due ot ANTU


associated with pulmo-



poisoning


nary oedema.

Zinc phos-

In dog and cat by eating
Repeated administration

Stomach is promptly

phate (Zn3

large number of rats
small quantities of zinc

emptied.

P2)

which died due to zinc
phosphide results in death

In chromic cases symp-



phosphide poisoning
which may occur immediately
tomatic treatment may be



which is commonly
after ingestion; chronic poison-
beneficial but in acute



used  for killing rats.
ing of high quantity so the symp-
poisoning tratment is



By enemity.
toms are frequently not ob-

not so effetive. Gastric



By accidental ingestion.
served. The symptoms are

lavage with a 5% solution




not diagnostic. Anorexia and

of sodium carbonate;




lethagry are followed by rapid

zinc phosphide should be




deep breathing than often

given clear.




becomes wheezy or stertorous,

The entire gastro-intestinal




vomiting with presence of dark
tract; calcium gluconate




blood in vomitus, weakness,

1/6 M sodium lactate




finally animal gasps

may help in conteracting




for death. Hyperaesthesia

the help in conteracting




or convulsion may occur.

the acidosis. Sodium thi-




Lesion, acute congestion

ouslphate (10% sol.)




and liver necrosis, dard colour

hepatonic agent and de-




blood, enalrgement of heart,

xtose may check the liver




odour of carbide (acetylene)

damage.




in the stomach contents. It is due




to liberation of phosphane from




zinc phoshide.

Table 3. Some Important Drug Poisonings Due to Overdose or Given by Mistake/Accident
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Drug

                    Antidotes

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1.
Alcohol or methylated spirit
Sodium bicarbonate or sodium citrate (1%); use as



gastric lavage or give 100 mg/kg B.W./day orally.

2.
Aerocholine
Atropine sulphate @ 0.2-0.5 mg/kg B.W. I/V, S/C or  I/M.

3.
Aspirin
Alkalinization of urine above pH 8 by giving sodium 



bicarbonate, emetics, respiratory stimulants like coramine.

4.
Barbiturate                                     Amphetamine sulphate @ 0.5-10. mg/kg B.W. S/C, I/V, I/P,



Doxapram @ 3-5 mg/kg B.W. I/V. Leptazol, glucose is 



Also useful.

5.
Barium
Magnesium sulphate

6.
Belladona
Tannic acid 200-500 mg in 20-60 ml water orally, in small 



animals and 1-2 gm in 1/2 litre of water for large animals. 

7.
Benzoic acid
Sedative like siquil, largactil and also use dextrose.

8.
Benzyl benzoate
Washing with soap or detergent, tranquilizers dextrose.

9.
Bromide                                          Chlorides (sodium or ammonium salts) @ 0.5-1 g/day orally.

10.
Camphor
Sedative like siquil, largectil asn saline diuretics.

11.
Castor oil
Gastric lavage, atropine sulphate, tranquilizers.

12.
Ephedrine
Gastric lavage, emetics.

13.
Chloroforn
Oxygen, coramine, calcium borogluconate-I/V.

14.
Formaldehyde
Gastric lavage with sodium and ammoium carbonate (1%)



solution.

15.
Morphine
Nalorphine 5-10 mg I/V in small animals, 25-50 mg in case



of large animals.

16.
Digitalis
Propranolol 0.5 mg/kg B.W. gastric lavage, I/M.



Sodium sulphate or magnesium sulphate.

17.
Coumarine anti-coagulants
Vitamin-K or Menadion @ 1 mg/kg. B.W. I/V. I/M, orally.

18
Analeptic
Pentylne tetrazol (10% solution) @ 10-20 mg/kg.

19
Narcotic analgesic
Demerol @ 15 mg/kg B.W.S/C.

20
Iron toxicosis
Deferoxamine @ 20 mg/kg B.W.

21 
Inorganic phosphorus
Copper sulphate 0.2-0.4% solution 20-100 ml orally in 



small animals and 150-500 ml orally in large animals. 
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