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PREFACE 

 

For many years I have had the idea of writing a book about the buffalo: the species that I love and 

have studied for forty years. The opportunity to write this book was facilitated by the FAO Regional 

Office for Europe, facilitating the sharing of expertise and technologies among the regions in the 

framework of the European System of Cooperative Research Networks in Agriculture 

(ESCORENA). The FAO Regional Office for Europe supported me, as Coordinator of the FAO 

Inter-Regional Cooperative Research Network on Buffalo for Europe and the Near East, to produce 

a reference book on buffalos with contributions of various buffalo experts and based on results of 

my own research and work experience in Italy and in the world. 

The book  “Buffalo Production and Research” was edited on 2005 by myself and by FAO Regional 

Office for Europe as REU Technical Series 67, with the logos of FAO, of my Institute, where I 

spent my life: the Istituto Sperimentale per la Zootecnia (Animal Production Research Institute) in 

Monterotondo, Roma. 

Now I had the idea to write a new book, more up to date and complete in comparison to the 

previous one and I had this opportunity, thanks to the Ministry of Agriculture of Hungary,  Dr. 

Carlo Tiberi, the President of N.T.A. (New Technologies Applied) and of Euroformazione srl, the 

C.R.A. (Council for Research in Agriculture, Italy), the FAO- ESCORENA, the International 

Buffalo Federation, that supported me for this job and many scientists coming from the best 

Institutes, who helped me for this goal. 

My experience was gained thanks to senior researchers devoted to the development and promotion 

of buffalos. The first of these was Dr. Augusto Romita, my first supervisor at the Istituto 

Sperimentale per la Zootecnia, with whom I conducted many experiments in Tormancina, the farm 

of the Institute, during the period from 1974 to 1985. He later planned the first important research 

project on buffalo species, financed by the Italian Ministry of Agriculture (1988-1992). This project 

examined main aspects of buffalo production: nutrition and requirements, reproduction and 

physiology, rumen microbiology, in collaboration with Italian Universities. He opened the way for 

new National Buffalo projects, coordinated by myself, supported by European Union and Lazio 

Region (1994-2001) or by Agricultural Ministry as PROBUF (2003-2007), as MEZOO (2005-

2009). The second was Professor Giovanni De Franciscis, who shared with me his concept of 

working on the realization of the good prospects for buffalo development in Italy and in the world. 

He promoted the foundation of the International Buffalo Federation (IBF) in Egypt on 1985 and 

organized, as IBF President, the Fourth World Buffalo Congress (1997) in the Royal Palace of 

Caserta. The third was Mr A. Qureshi, who raised my awareness on the essential role of buffalos for 

the livelihood of many rural families in developing countries and encouraged me to establish the 

FAO Inter-Regional Cooperative Research Network on Buffalo. 

I would also like to mention Professor Beniamino Ferrara, and a dear colleague and friend of mine, 

Tullio Di Lella, both Professors at the Veterinary Faculty, Federico II University, Naples, who 

supported my dedication to buffalo research. 

All these five colleagues have unfortunately now passed away and I feel somewhat sad and lonely 

without them. I would therefore like to dedicate this second book too to their memory. 

I like to dedicate this second book also to the many Presidents and members of the International 

Buffalo Federation, who organized every three years the World Buffalo Congresses from his 

foundation in Egypt on 1985, in India (1988), Bulgaria (1991), Brazil (1994), Italy (1997), 

Venezuela (2001), Philippines (2004), Italy (2007), until the last one in Argentina on 2010, because 

the proceedings of these congresses are the state of art in the research on buffalo field. The 

Congresses are an occasion of meet the scientists, the technicians and the farmers coming from all 

the countries in the world, where I found the best friends of mine, to whom too I dedicate this book. 

 

Antonio Borghese 

Monterotondo, Roma, Italy, 2013 
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Chapter 1 

 

BUFFALO SPECIES AND POPULATION 

 

Antonio Borghese 

General Secretary International Buffalo Federation, Coordinator FAO-ESCORENA 

Buffalo Network 

antonio.borghese@email.it – antonio.borghese@escorena.net 

 

 

The buffalo species (Bubalus bubalis) is a very common species, particularly widespread in tropical 

and subtropical countries with hot and humid climates. 

In the most South East Asia countries (India, Pakistan, China) there are the quite whole of buffalo 

population: 152 million head on total of 182 million (83.5%) . 

If we add the other Asian countries (Thailand, Indonesia, Philippines, Vietnam, Bangladesh, Nepal, 

Sri Lanka, Myanmar, Laos, Cambodia, Iran) we have in Asia 174 million head, 95 % of the world 

population. 

In Africa we find domestic buffalo only in Egypt, with more than 5 million head (2.9%); there is 

also the wild buffalo but it is another species (Syncerus caffer). 

In Europe the most number and practically the alone product economy is in Italy with about 

370,000 head (0.2%) and a very strong market of mozzarella and other quality cheeses, fresh and 

processed meat, semen of high genetic level. 

In America the buffalo are mostly represented in Brazil with more than 3,5 million head (1.9%), but 

its number and food production is increasing too in Venezuela, Colombia, Argentina, Cuba. 

In the most of Asian countries, the buffalo was used for draught power in paddy fields and haulage, 

so, with the advent of mechanization, its number is rapidly decreasing and buffalo was substituted 

by dairy bovine cows for milk purposes (Borghese, 2005). 

Only Italy, India and Pakistan created dairy purpose buffalo and their number is increasing because 

of the link with the market economy. 

In Italy a dairy purpose animal was selected, Mediterranean Italian Breed with genetic potential 

until 5,000 kg milk/ 270 days of lactation. All the milk produced from buffaloes is processed in 

mozzarella cheese and 36,000 tons of mozzarella was produced in 2010 for internal market and for 

the export, plus ricotta, other cheeses, yogurt, ice cream. 

India is working in selection of Murrah breed for dairy purpose. The white revolution achieved the 

result to increase strongly the milk production for human needs. The fat is separated to produce 
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butter, ghee, cream for human food, and the milk is used for direct consumption. 

Pakistan is working to select Nili Ravi and Kundi breeds for dairy purpose too and the milk is used 

for human needs as in India. 

American countries produce mostly meat from buffalo but some farms are working for select dairy 

animals. 

Therefore the buffalo is a priority animal in the world as a source of protein food for human 

survival and sustainability as it is explained in every detail for each country, where buffalo has a 

pivotal role in human food sustainability. 

Asian buffalo or Water buffalo is classified under the genus Bubalus, species bubalis. 

The Bubalus bubalis belongs to the class Mammalia, subclass Ungulata, order Cetoartiodactyla, 

suborder Ruminantia, family Bovidae, subfamily Bovinae, tribe Bovini, which includes the 

following three groups: Bovina (cattle) with 60 chromosomes, Bubalina and Syncerina, between 

which no interbreeding appears possible. 

Syncerina includes only the species Syncerus caffer (the African buffalo) with four subspecies. 

Syncerus caffer caffer, with 52 chromosomes,  lives in savannah of eastern and southern Africa. 

Calves are born black or reddish brown and turn black later. It is a large animal, surpassing 180 cm 

in height and 1000 kg in weight. The horns are very large until 130 cm from tip to tip. The animals 

live in herds of 30/50 or more, calving throughout the year at 2 years intervals. Males start to breed 

at 3 years, then they fight for females and territory (Cockrill, 1974). Many experiences showed the 

possibility of domestication of the wild African buffalo as it is shown in figure 1, where some 

animals are used as trailers. 

Syncerus caffer nanus, with 54 chromosomes, lives in the forests of Congo and it is named Congo 

buffalo. It is smaller than the previous one and with small horns, it is retiring, furtive and nocturnal 

in habit, living in small herds of ten and feeding leaves of trees  and shrubs (Cockrill, 1974). 

Syncerus caffer brachyceros lives in west Africa but is quite disappeared. 

Syncerus caffer aequinotialis lives in savannah of East Africa and it is intermediate in size and in 

horn form between Syncerus caffer caffer and Syncerus caffer nanus. 

Bubalina (the Asian buffalo) includes three species. 

Bubalus depressicornis or Anoa which lives only in Indonesia, with 46 chromosomes, very small 

animal (100 cm high) with thin and straight horns 25 cm long, conserved in the zoo and never used 

for draught or for products as it was a wild buffalo living singly or in pairs in mountains or in 

lowland forests (fig. 2 and 3). 

Bubalus mindorensis which was found only in  the Mindoro island in the Philippines  and therefore 

is called also Tamarao or Mindoro buffalo. It is a small animal (100 cm high) with short and strong 



 

 

horns. It is quite extinct, living only in the zoo. 

Bubalus arnee is original in the north of India as wild animal, living in the marshes and in the 

jungles; very large animal as it can reach 200 cm high and 1000 kg, the color is grey-black, dark 

gray or dark brown, the horns large and separated from each other at the base (Cockrill, 1974); the 

population is very reduced. 

Bubalus bubalis is deriving from the domestication of the Bubalus arnee, the Indian wild buffalo. 

The domestication of this species occurred relatively recently (5 000 years ago) compared to the 

domestication of Bos taurus and Bos indicus (10 000 years ago). Asian buffalo appears to be 

domesticated  in the Indus valley, in China and in Mesopotamia, from where it was introduced in 

Egypt and in Italy by Arabs invasion in the 8
th

 century, as in the Balkans (east Europe) the buffaloes 

were introduced later with Crusaders and after with Turkey Selgiuchidi invasion during the 

expansion of Ottoman empire (15
th

 century). 

Bubalus bubalis, named also water buffalo or Asian buffalo or domestic buffalo, includes two 

subspecies known as the River and Swamp types, the morphology and purposes of which are 

different as are the genetics. The River buffalo has 50 chromosomes of which five pairs are 

submetacentric, while 20 are acrocentric: the Swamp buffalo has 48 chromosomes, of which 5 pairs 

are submetacentric and 19 pairs are acrocentric. The two subspecies are inter-fertile and produce 

progeny with 49 chromosomes. Male crossbred progeny have sometimes displayed fertility 

problems while female progeny have manifested longer calving intervals only in the case of further 

backcross. Morphology of the two types differs considerably. Swamp buffaloes, called too  Krbao 

or Carabao, are less heavy, the adult male weight ranging between 325 and 450 kg, while the River 

type weighs between 450 and 1 000 kg. While the Swamp buffalo is reared mainly for draught 

purposes, although it also produces a valuable milk yield of up to 600 kg milk per year, the 

importance of the River buffalo depends on the high quality and quantity of the milk that it 

produces. River buffaloes, called too domestic buffalo, are generally large in size, with curled horns 

and are mainly found in India, Pakistan and in some countries of western Asia. They prefer to enter 

clear water, and are primarily used for milk production, but are also used for meat production and 

for draught purposes. Swamp buffaloes are stocky animals with marshy land habitats. They are 

primarily used for draught power in paddy fields and haulage but are also used for meat and milk 

production. Swamp buffaloes are mostly found in south east Asian countries. A few animals can 

also be found in the north eastern states of India (Sethi, 2003). Each subspecies includes many 

breeds, that will be described in this book. 

The  Bison is not described in this book as it is classified in genus Bison with two species: 

Bison bison (the American bison) and Bison bonasus (the European bison). Bison has 60  



 

 

chromosomes and it is totally different from Bubalus as phylo-genetically as morphologically, even 

if American people created a big confusion calling “buffalo” both the species, with the only  

differentiation of “water buffalo” to identify the Bubalus bubalis. The Bison bison was the basis for 

the surviving of American Indians, nomad people in the great grasslands of the Centrum of United 

States, who shot the herd of bison, utilizing the meat as food, the skin for the tents, the bone for  

arms and utensils. Now it is a species at extinction risk, living in the natural parks of USA (figure 

4). The European Bison too is living only in the parks and in the zoo, in Poland. 

The buffalo population trend is increasing in the world and in the different continents as people 

discovered the possibility to obtain, not only draught, but also more milk, very useful for food 

purposes. 

In the World, according FAO data (FAOSTAT, 2010), there are 180,702,923  buffalo head, at this 

moment about 182 million (Borghese, 2011), with a positive trend (+8.3%) in comparison with the 

value of 168 million reported in the previous book “Buffalo Production and Research” (Borghese, 

2005). 

In Asia, according FAO data (FAOSTAT, 2010) there are 174,208,357 buffalo head (95% of total 

population), with a positive trend too (+ 8.1%) as  5 years before the  Asian population was 161 

million (Borghese, 2005) , and the Asian population was the 95% of the global one, as now. This 

positive trend is due to the increasing population in India and Pakistan, where milk purpose breeds 

were selected and where the  buffalo milk market is very strong, balanced by the decreasing in other 

countries where draught animals are less required than in the past. 

In Africa, where the buffalo is found only in Egypt, there are 5,231,162 head (FAOSTAT, 2010), 

while 6 years before the Egyptian buffalo population was 3, 717,000 (Borghese, 2004), with an 

incredible positive trend of 40.7%, passing from the 2.2% to the 2.9% of the total population in the 

world, as buffalo in Egypt is a basic  draught animal in rice fields and irreplaceable for milk 

production for direct consumption. 

In Europe this year, the most of population is in Italy with about 400,000 buffaloes, while the 

European buffalo population is 459,000 (0.25% on world population), less than the found one 7 

years ago (500,000; 0.30%) (Borghese, 2005) for the decreasing trend in many Balkan countries as 

Romania, Bulgaria, Macedonia, Greece, Albania, Serbia, partially balanced by the increasing trend 

in Italy, link to the expansion of mozzarella market. 

In America we can consider this year 4,227,000 buffalo head, 2.32% of total population, while 11 

years ago there were only 3,345,000 (Rocha Loures, 2001),  about 2% of the global one,  with a 

very positive trend (+26.4%) due to the enormous availability of land and  free pasture in South  

America, the unique adaptability of buffalo to lagoons and marshy land, the changing from a meat 



 

 

purpose breeding to a double purpose (milk and meat) livestock. 

 

 

 

  

 

 
 
Figure 1.  Bufalo cafro (Syncerus caffer caffer), Zimbabwe (Antinori photo, 1984) 

 

 

 



 

 

 
 
Figure 2. Bubalus depressicornis (Anoa), Bogor, Java,  Indonesia (Borghese photo, 2004) 

 

 
 
Figure 3.  Bubalus depressicornis (Anoa), Bogor, Java,  Indonesia (Borghese photo, 2004) 
 

 

 



 

 

 
 
Figure 4. Bison bison,  South Dakota, USA.  
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Chapter 2 

 

BUFFALO BREEDS  

 

 

Antonio Borghese 

 

General Secretary International Buffalo Federation, Coordinator FAO-ESCORENA 

Buffalo Network 

antonio.borghese@email.it – antonio.borghese@escorena.net 

 

 
 

 

The breeds of Swamp subspecies are many and many and are not clearly defined, as there are 

somatic and physiological differences according the different climate and lands of Asian continent, 

due to also the total isolation, as is shown in different islands of Indonesia, where Swamp buffaloes 

of Sulawesi  (figure 1), living in the jungle, are totally different if compared with Sumatra Swamp 

breed (figure 2 and 3), living in the lagoons: Sulawesi breed is clearly a meat animal, strong and 

muscular with a big heat, very appreciated in banquets for marriages and for funerals, particularly if 

it is spotted animal (figure 4), that are more paid and therefore this character is selected . Sumatra 

breeds are lighter animals, with thin head, more used for milk purposes, as milk is a basic resource 

for the villages in march areas, where the people is living in pale dwelling, milk is dried at the fire 

and conserved as food supplies. Both the breed are used too for draught in the fields and as trailers, 

of course. 

In China too there are a lot of Swamp breeds, that will be shown in the chapter about China, as it 

will be made also for the other East Asian countries, where Swamp has a large diffusion . 

The breeds for the River subspecies are named according Mason (1996), a World Dictionary of 

Livestock Breeds, Types and Varieties, Fourth Edition. Wallington, UK.  

In this chapter the 4 international River breeds, that had a large diffusion in the world, are described 

before, afterwards you find the Indian River breeds, the Pakistani, Nepal and East Asian breeds,  

while the local breeds are described in the chapters relative to the specific countries where they live.  
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Figure 1. Bubalus bubalis, Swamp buffalo (Krbao)  Tana Toraja, Sulawesi, Indonesia (Borghese 

photo, 2008).  

 
 
Figure 2. Bubalus bubalis, Swamp buffalo (Krbao), Sumatra, Indonesia (Borghese photo 2008). 



 
 

Figure 3. Bubalus bubalis, Swamp buffalo (Krbao) in the lagoons, Sumatra, Indonesia (Borghese 

photo 2008). 

 

 
 

Figure 4. Bubalus bubalis, Swamp spotted buffalo (Krbao)  Tana Toraja, Sulawesi, Indonesia 

(Borghese photo, 2008). 



RIVER BREEDS WITH LARGE DIFFUSION 

 

 

1. Mediterranean or European 

 

The Mediterranean buffalo originates from the Indian buffalo. It was introduced into Europe with 

the advent of Islam and the Arab occupation in the 8
th

 century in Sicily and in the south of Italy, 

while  in the east  Europe, buffalo was introduced later with crusaders in the 12
th

 century and after 

with Turkish invasion during the Ottoman empire (15th century). According other Authors, buffalo 

was introduced in East Europe by Avars in 6
th

 century during barbarian invasion, coming from Asia 

through Mongolian steppe: this theory is wrong because buffalo ever followed the river roads, from 

Indo to Tigris and Euphrates, to Nilo, to Sele and Volturno rivers and because of the chromosome 

number: European breeds are River with 50 chromosomes coming from India according the 

previous way; if they came from Mongolia steppe, buffalo were Swamp with 48 chromosomes 

(Borghese, 2011 b). Anyway the Italian breed is totally different from the Balkan breeds: as the first 

one is now classified as Mediterranean Italian breed as it was selected for 60 years for milk purposes and 

it is clearly a dairy breed (figure 5 and 6). The Balkan breeds as Carpathian (figure 7) or Macedonia (figure 

8) are draught animals, used for carriage, smaller in size and with low milk production. 

The buffalo population in Europe has been dramatically declining since the Second World War, 

with the advent of Holstein and mechanization. 

 The Mediterranean population in Europe is about 459 000 head, but Mediterranean is present in 

many countries of South America as particularly Brazil, Argentina, Venezuela and Colombia, 

where it was introduced to increase the milk and meat capacity. In these countries and in many 

Asian countries (Turkey, Iran, Azerbaijan, China, Bangladesh, Indonesia), Mediterranean Italian 

semen was largely used to create F1 crossbreds with higher milk potential. Therefore we can find 

many million head coming from crossbreeding with Mediterranean in the world, from America to 

Asia. 

Description: Black, black and brown, dark grey coat. The horns are flat at the bottom, backwards 

and slightly outwards pointed, and backwards straightened; the top is pointed inwards. They have a 

compact conformation with a deep and wide chest as well as a developed pectoral. The back is 

short. The rump is short. The udder is medium size with  squarely placed quarters and halves; the 

teats are cylindrical. Where machine milking is popular (only in Italy) udders are more regular and 

better shaped. Size, weight and productivity vary a lot according to the environment and 

management (Moioli and Borghese, 2005). Average herd size is below five breedable buffaloes in 

most countries, except in Italy where it is 161,3 (Borghese, 2011a). The proportion of breedable 

females to total buffaloes is about 45 percent. 



The body weight of the adult female is 450-650 kg, while the male weight can arrive more than 

1000 kg, particularly in Mediterranean Italian, heavier than other European buffaloes. (figure 5 and 

6). 

Distribution: Italy: 370 000 (Mediterranean Italian breed); Romania: 25 000;  Germany: 2 111; 

United Kingdome: 2 500; Greece: 3 137  (Borghese, 2011a); a few hundred in Serbia, Albania, 

Macedonia , The Netherlands, Switzerland and 900 in Hungary, while there are many thousand.in 

Brazil. 

Husbandry: The most common housing system is the one referred to as traditional, consisting of 

keeping buffaloes indoors at night and confined in fenced areas during the day, particularly in cold 

climates of Centre Europe. In the favourable season they are allowed to graze during the day. In 

Italy, they are housed loose in paddocks all year long, with the same modern systems used for dairy 

cows. One third of Italian buffaloes are also put out on pasture in the favourable seasons, or green 

forage “cut-and-carry” such as alfalfa can also be used. Maize silage, concentrates and by-products 

are the basic foodstuffs in Italy. 

Performance varies very much depending on the area. There is no common practice to wean buffalo 

calves. When milking is done by hand, both male and female calves suckle from the dam. In some 

cases they suckle from a dairy cow. Only in Italy the calves do not receive never the mother milk 

directly, but after colostrum taken by biberon for 2 day, the calves receive milk replacers until the 

weaning at about 3 months, while the cows are milked for processing purposes. This results in a 

wide difference in daily gain up to weaning, as well as weaning weight and age. 

 Males are now in greater demand as meat producers, therefore increased attention is being paid to 

their feeding and health. 

Average daily milk yield reveals a huge variability, mainly depending on the feeding system. It can 

range from 3 to 4 kg milk/day for poorly fed animals to 15 kg/day in intensive management 

systems. In Bulgaria, Romania, Macedonia, Greece and Albania, extensive management systems 

are employed, while Italy applies only intensive system. 

Average slaughter weight is 250-400 kg, at the age of 12-15 months. 

 

Dairy performance: 

 

Lactation duration 270 days 

Milk yield  900-4 000 kg 

Milk fat    8.0 percent 

Milk protein   4.2-4.6 percent 

 



Products: Mozzarella, treccia, scamorza and other cheeses, ricotta (Italy, figure 9),  Vladaesa 

cheese, Braila cheese (Romania); White brine cheese (Bulgaria, Romania); yoghurt, meat and meat 

industry products: bresaola, salami, sausages, cacciatorini (little salami), etc., 

( Borghese and Moioli, 2005). 

 

 

 

 
 

Figure 5. Mediterranean Italian buffalo cow, Tor Mancina, Rome (Borghese photo, 2004). 

 



 
 
Figura 6.  Mediterranean Italian breed, Tor Mancina farm, Rome (Borghese photo 2006) 

 

 
 

 

Figure 7. Mediterranean Carpathian breed, Romania. (Borghese  photo 2011). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Mediterranean  buffalo cow, Macedonia. (Borghese photo, 2008) 

 

 

 
 

Figure 9. Italian mozzarella and ricotta. 



2. Murrah 

 

 

Murrah is the most important and well-known buffalo breed in the world, selected in the North 

West of India for milk purposes and typical for curled horns. 

Description: Black in colour. Massive and stocky animals, heavy bones, horns are short and tightly 

curled. Placid. 

Height at withers of adult male is 142 cm, body weight is 750 kg. 

Height at withers of adult female is 133 cm, body weight is 650 kg. 

Distribution: From its origins in the centre of Haryana, it has spread to the Punjab, Ravi and Sutley 

valleys, north Sind and Uttar Pradesh. It has been exported to Brazil, Bulgaria and many countries 

of eastern Asia (Moioli e Borghese, 2005). 

Husbandry: Buffaloes in India are  many million and traditionally managed in domestic conditions 

together with the calf. They are hand-milked twice a day. Some big farms adopted mechanical 

milking. They are fed different kinds of roughages (barley and wheat straw, cornstalks, sugarcane 

residuals). In addition, they are given concentrate mixtures. If grazing is available, they graze all 

day long. The big farms are managed according intensive system where unified model is adopted. 

They are naturally mated in the villages, while big farms normally provide artificial insemination.  

Dairy performance: 

 

Lactation duration 305 days 

Milk yield  1 800  kg 

Milk fat  7.2 percent 

Products: Milk, ghee, cream, meat. 

 

Sethi (2003) reported the performance characteristics at the Buffalo Research Institute, Hisar, 

Hariana (figure 10, 11), India. 

 

Average body weight (kg)   495 

Age at first calving (months)   50.6±2.0 

First lactation 305 days or less yield (kg) 1 894±44 

All lactation 305 days or less yield (kg) 2 183±136 

All lactation total yield (kg)   2 226±152 

All lactation length (days)   305±16 

Average fat (percent)    6.70 

Average dry period (days)   144±26 

Service period (days)    146±27 

Calving interval (days)   479±33 

 



 

 
 

Figure 10. Nili Ravi buffalo bull, Buffalo Research Institute, Hisar, India. (Borghese photo, 2010) 

 

 

 

Figure 11. Murrah  buffalo cow, Buffalo Research Institute, Hisar, India. (Borghese photo, 2010) 

It is possible to find Murrah breed in many countries. In Bulgaria the only breed is Bulgarian 

Murrah, coming from crossbreeding of Indian Murrah on local Mediterranean breed. From Bulgaria 

many animals were exported in close countries as Romania and Germany and in far countries as 

Brazil and Venezuela. 

Murrah buffaloes were exported in Sumatra (figure 12) to increase the availability of milk, as the 

local breeds are Swamp with low production; the same for many Asian countries where the original 

population is Swamp type. 

Murrah buffaloes were exported from India in Brazil too, even if they are managed exclusively on 

pasture and used to produce calves, according the model “cow-calf line”, for meat purposes, that it 

is not logic considering that Murrah was selected as a dairy breed. In figure 13 there is a farm on 

Amazonas, Parà, with a Murrah herd, not used for milk production but only for meat. 

 



 
 

Figure 12. Derivate  Murrah  buffalo, Sumatra, Indonesia. (Borghese photo, 2008) 

 

 
 

Figure 13. Murrah  buffalo herd, Amazonia, Brasil. (Borghese photo, 2011) 



 

 

 

3. Jafarabadi 

 

The Jafarabadi breed is original from Gujarat, India. 

Description: Black coloured coat. Massive and long-barreled conformation. Horns are long, heavy 

and broad and sometimes they cover the eyes. 

Height at withers of adult male is 142 cm, body weight varies from 600 to 1 500 kg. 

Height at withers of adult female is 140 cm, body weight is about 550 kg, some individuals may 

weigh as much as 700-800 kg. 

Distribution: It is one of the most important breeds in Gujarat. This breed is located principally  

between the Mahi and Sabarmati rivers in north Gujarat. Some breeding stock has been exported to 

Brazil. 

Husbandry:  Buffaloes are traditionally managed in domestic conditions together with the calf. They 

are hand-milked twice a day. They are fed different kinds of roughages: barley and wheat straw, 

cornstalks, sugarcane residuals. In addition, they are given concentrate mixtures. If grazing is 

available, they graze all day long. They are naturally mated. Some villages also provide artificial 

insemination (Moioli and Borghese, 2005). 

Dairy performance: 

 

Lactation duration 350 days 

Milk yield  1 800-2 700 kg 

Milk fat    8.5 percent 

 

The performance characteristics of the Jafarabadi breed maintained at the Junagarh Centre (India) 

of the Network Project on Buffalo are presented below (Sethi, 2003): 

 

Average body weight (kg)   529±13 

Age at first calving (days)   1 925±196 

First lactation 305 days or less yield (kg) 1 642±283 

First lactation total yield (kg)   1 642±283 

All lactation 305 days or less yield (kg) 1 950±79 

All lactation total yield (kg)   2 097±110 

All lactation length (days)   320.1±11.6 

Average fat (percent)    7.7±1.0 



Average dry period (days)   159.8±10.9 

Service period (days)    161.5±14.0 

Calving interval (days)   509.8±20.1 

Number of services per conception  1.4±0.1 

Average calf mortality (0-3 months)  10.75 percent 

 

 

Jafarabadi is a good milk producer but it is also a big animal, with good conformation and high 

muscularity. Therefore this breed was chosen by many American countries and selected as meat 

purpose breed. Now it is possible to find Jafarabadi  pure or derivates in Brazil (figure 14), in 

Colombia (figure 15) and in other South America countries, where this breed shown a great 

adaptability to marsh lands, to different crops and pastures and a high meat production. 

Jafarabadi was too the basis for the creation of Buffalypso breed in Trinidad- Tobago and in Cuba.    

 

 
 

 

Figure 14. Buffalo cows of Jafarabadi breed in Brazil (Alexiev, 1998). 

 



 
 

Figure 15. Buffalo cows of Jafarabadi breed in Colombia (Fortaleza photo, 2006). 

 

 

 

4. Buffalypso 

 

Buffalypso is the typical buffalo of Trinidad and Tobago (figure 16). He is derived by Jafarabadi 

breed as 30 Jafarabadi were imported in Trinidad in 1905. Steve Bennet in 1948 crossed Badhawari 

bulls on Jafarabadi to create Buffalypso breed (Buffalo  x Calypso, the Caribe popular music), with 

the purpose to obtain a meat breed, useful too as a draught animal to work in sugarcane plantations 

in hot and humid climates of Caribe. Buffalypso was crossed subsequently with Murrah, Surti, Nili, 

Nagpuri breeds too. Now it is used also for milk production. 

There are 5 000 Buffalypso head in Trinidad Tobago, 67 000 in Cuba, many thousand in other 

countries, particularly of Centre and South America: Venezuela, Costa Rica, Guatemala, Honduras, 

Nicaragua, Brazil, Panama, Mexico, Columbia, U.S.A., Taiwan. 

The diets are based on sugarcane molasses and on pasture.  



Buffalypso is historically the only breed selected exclusively for meat, very muscular animal with 

developed back e rump , brown colour, it is sold in the American market as beef. 

The slaughter weight is about 400 kg with dressing percentage of 52.43%,  until 450 kg with a 

dressing percentage of 50.88%; the meat quality is better than correspondent local steer (Rastogi 

and Rastogi). 

The milk yield is 611 kg in 192 days of lactation, with 7.15% fat and 4.03 protein (Rastogi and 

Rastogi).  

From 1996 the milk production from Buffalipso started too in Cuba (figure 17), because of the high 

need of milk as human food, obtaining an average 873 kg milk for lactation of 244 days (Mitat, 

2011).  

Products : yogurt, dahi, soft cheese, ghee (clarified butter), mozzarella cheese, queso blanco, queso 

de mano, cream, paneer, shahi paneer, paneer tikka (indian cottage cheese with vegetarian dishes), 

barfi, rasgulla, rasmalai (indian sweets) (Rastogi and Rastogi). 

 

 
 

Figure 16. Buffalypso herd in Trinidad (Rastogj photo, 2004) 

 

 



 
 

Figure 17. Buffalypso Cow in Cuba  

 

 

LOCAL INDIAN RIVER BREEDS 

 

1. Bhadawari 

 

This is an improved local breed. It is the result of selection of Indian breeds of buffalo. It is 

considered the best breed of buffalo in Uttar Pradesh. 

Population size: 30 000. 

Description: Copper coloured coat, scanty hair which is black at the roots and reddish brown at the 

tip. Sometimes it is completely brown. The neck presents the typical white colour ring. Tail switch 

is white or black and white. Horns are short and grow backwards (figure 18,19). 

Height at withers of adult male is 128 cm, body weight is 475 kg. 

Height at withers of adult female is 124 cm, body weight is 425 kg. 

Distribution: It is raised in the Agra and Etawa districts of Uttar Pradesh and in Bhind and Morena 

districts of Madhya Pradesh. 



Husbandry: Buffaloes are traditionally managed under domestic conditions together with the calf. 

They are hand-milked twice a day. They are fed different kinds of roughages (barley and wheat 

straw, cornstalks, sugarcane residuals). In addition, they are given concentrate mixtures. If grazing 

is available, they graze all day long. They are naturally mated. Some villages also provide artificial 

insemination (Moioli e Borghese, 2005). 

The performance characteristics of the Bhadawari breed maintained at the IGFRI, Jhansi Centre 

(India) of the Network Project on Buffalo are presented below (Sethi, 2003): 

 

Average body weight (kg)   385.5 

Age at first calving (months)   48.6±0.58 

First lactation 305 days or less yield (kg) 711±25 

All lactation 305 days or less yield (kg) 812±23 

All lactation total yield (kg)   781±29 

All lactation length (days)   272±4 

Average fat (percent)    7.2±0.4 to 13 

Average dry period (days)   297±24 

Service period (days)    179±10 

Calving interval (days)   478±11 

Average calf mortality (0-3 months)  12.15 percent 

 
            



 Figure 18. Bhadawari cow (Sethi, 2003) 

 

 

 
 

 Figure 19. Badhawari bull with the typical ring on lower side of neck 

 

 

2. Jerangi 

 

Description: Black in colour, with small horns running backwards. It is a small animal. 

Distribution: It is localized along the border of Orissa with Andhra Pradesh. 

Husbandry: Buffaloes are traditionally managed in domestic conditions together with the calf. If 

grazing is available, they graze all day long. They are naturally mated. 

It is a draught animal with a rapid pace (Cockrill, 1974). 

 

3. Manda 

 

This is an improved local breed, resulting from the selection of Indian breeds of buffaloes. 

Population size: 100 000 

Description: Uni colour: grey, brown. 

Distribution: It is raised along the border of Orissa with Andhra Pradesh. 



It is a hardy breed, able to work under the hot sun. It is not very demanding in terms of feeding and 

acclimatizes very easily to various conditions (Cockrill, 1974). 

Dairy performance: 

 

Milk yield  4 kg/day 

Products: Milk, ghee, cream, meat. 

 

4. Meshana 

 

The existence of the Meshana breed in north Gujarat, India, is referred to in 1940. This breed is the 

result of selection of Indian breeds of buffalo.  

Population size: 400 000 

Description: Characteristics are intermediate between Surti and Murrah. Jet black skin and hair are 

preferred. Horns are sickle-shaped but with more curve than the Surti. The udder is well developed 

and well set. Milk veins are prominent (figure 20). 

Body weight  of adult male is 570 kg. 

Body weight of adult female is 430 kg. 

Distribution: Concentrated between the Mahi and Sabarmati rivers in Gujarat (India). 

 

 
 

Figure 20. Meshana heifers (Gujarat, India) (Early Bulletin of National Dairy Development Board) 



 

Dairy performance: 

 

Lactation duration 305 days 

Milk yield  1 800-2 700 kg 

Milk fat    6.6-8.1 percent  

Milk protein   4.2-4.6 percent 

Products: milk, ghee, cream, meat. 

 

According to Sethi (2003), the average milk yield per animal per day in Mehsana buffaloes ranges 

from 4.37 to 4.81 kg. However, a systematic Mehsana breed improvement programme through field 

progeny testing was launched in 1985 in the milk shed area of the Mehsana district. 107 bulls were 

tested in eight batches. Average 305 day first lactation milk yield of 50 daughters of the top proven 

bulls of the first four batches in these buffaloes ranged from 2 085 to 2 312 kg. 

 

5. Nagpuri 

 

It is an improved local breed, the result of a selection of Indian breeds of buffaloes. 

Population size: 360 000 

Description: Black in colour, sometimes there are white markings on the face, legs and switch. 

Horns are 50-65 cm long, flat-curved and carried back near to the shoulders. Nasal flap is mostly 

absent and even if present is very short. 

Height at withers of adult male is 140 cm, body weight is 522 kg. 

Height at withers of adult female is 130 cm, body weight is 408 kg. 

Distribution: This breed is raised in the Nagpur, Wardha and Berar  districts of Madhya Pradesh. 

(Cockrill, 1974, Moioli and Borghese, 2005). 

Dairy performance: 

 

Lactation duration 243 days 

Milk yield  825 kg 

Milk fat  7.0 percent 

Products: Milk, ghee, cream, meat. 

 

 



6. Sambalpuri 

 

Description: Black in colour, with white switch on tail, with narrow and short horns, curved in a 

semi-circle, running backward, then forward at the tip. 

Distribution: This breed is raised around Bilaspur in Madhya Pradesh (India). 

Husbandry: Buffaloes are traditionally managed under domestic conditions together with their calf. 

They are hand-milked twice a day. They are fed different kinds of roughages: barley and wheat 

straw, cornstalks, sugarcane residuals. In addition, they are given concentrate mixtures. If grazing is 

available, they graze all day long. They are naturally mated. It is a good healthy draught animal 

with a rapid pace and it is comparatively the most productive breed of the region. Some exceptional 

buffaloes may yield as high as 2 300 to 2 700 kg in about 340 days (Sethi, 2003, Moioli and 

Borghese 2005). 

Dairy performance: 

 

Lactation duration 350 days 

Milk yield  2 400 kg 

Products: Milk, ghee, cream, meat. 

 

 

 

7. Surti 

 

The existence of the Surti breed in north Gujarat (India) is referred to in 1940. It is the result of a 

selection of Indian breeds of buffalo. It is one of the most important breeds in Gujarat and in 

Rajasthan. 

Population size: 500 000 

Description: Black colour coat, skin is black or reddish. They have two white chevrons on the chest. 

Animals with white markings on forehead, legs and tail tips are preferred. 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. The udder is well developed, finely shaped and squarely placed between the hind legs. 

The tail is fairly long, thin and flexible ending in a white tuft. 

Height at withers of adult male is 131 cm; body weight is 700 kg. 

Height at withers of adult female is 124 cm; body weight is 550-650 kg (Moioli and Borghese, 

2005). 



Distribution: Concentrated between the Mahi and Sabarmati rivers in Gujarat (India). 

Dairy performance: 

 

Lactation duration 350 days 

Milk yield  2 090 kg 

Milk fat    6.6-8.1 percent  

Milk protein   4.2-4.6 percent 

Products: Milk, ghee, cream, meat. 

 

Sethi (2003) reported the following performance characteristics of the Surti breed maintained at the 

MPUAT (India) Vallabhnagar Centre of the Network Project on Buffalo (figure 21): 

 

Average body weight (kg)    462±7.0 

Age at first calving (months)    53.2±1.7 

First lactation 305 days or less yield (kg)  1 295±57 

All lactation 305 days or less yield (kg)  1 477±42 

All lactation total yield (kg)    1 547±50 

All lactation length (days)    311±7 

Average fat (percent)     8.10 

Average dry period (days)    234±21 

Service period (days)     207±17 

Calving interval (days)    510±16 

Number of services per conception   2.55 

Average percentage calf mortality (0-3 months) 7.0 

 

 



 
 

Figure 21. Surti cow (Sethi, 2003)  

 

 

8. Tarai 

 

Population size: 940 000 

Description: Black to brown colour coat; sometimes there is a white blaze on the forehead, tail 

switch is white. Horns are long and flat with coils bending backwards and upwards. 

Height at withers of adult male is 127 cm; body weight  is 375 kg. 

Height at withers of adult female is 120 cm; body weight is 325 kg. 

Distribution: This breed is raised in the Agra and Etawa districts of Uttar Pradesh and in the Bhind 

and Morena districts of Madhya Pradesh (India) (Cockrill, 1974; Moioli and Borghese, 2005). 

The breed is well adapted to the difficult climatic and feeding conditions of the Tarai region. 

Sometimes it is crossbred with the Murrah. 

Dairy performance: 

 

Lactation duration 250 days 

Milk yield  450 kg 

Milk fat  6.6-8.1 percent 

Milk protein  4.2-4.6 percent 

Products: Milk, ghee, cream, meat. 

 



 

9. Toda 

 

Population size: 6 000 

Description: Unicolour, light or dark grey. Horns are set wide apart with recurved tip inwards, 

outward and forward. They are large and powerful animals (figure 22). 

Height at withers of adult male is 160 cm; body weight  is 380 kg. 

Height at withers of adult female is 150 cm; body weight is 380 kg. 

Distribution: This breed is raised in the Nilgiris hills of Madras. 

Husbandry: The breed is semi-wild and raised under semi-nomadic conditions, with total grazing.  

Dairy performance: 

 

Lactation duration: 200 days 

Milk yield  500 kg 

Products: Milk, ghee, cream, meat. 

 

Sethi (2003) reported the following performance: 

 

Average birth weight   27.9±0.43 kg 

Average 305 days lactation yield 501±10.6 kg 

Average lactation length  198.6±2.8 days 

Average daily milk yield  2.53±0.44 kg 

Average fat (percent)   8.22±0.08 

Average carcass weight in adults 142.1±10.1 kg 

Average calving interval  15.74±0.4 months 

 

 

 



 
 

Figure 22. Toda buffalo in its natural habitat (ICAR Adhoc Scheme, Breeding Research Station,    

Sandynallah) 

 

  

10.Pandharpuri. 

 

This breed is original from the South east of Maharashtra state. The animals are very rustic and 

adapted to arid regions. They are big and black colour, with large horns. The milk yield is 1400 kg 

per lactation (Zava, 2011). 

 

11. Kalahandi. 

 

Kalahandi buffalos are large and short animals, grey colour, with large horns and great eyes (Zava, 

2011). 

 

12. South Kanara  

 

This breed is living in the neighbourhood of Mangalore on the West Coast and these buffalos are 

used as draught animal in the cultivations in this part of the country (Cokrill, 1974). 

 

 

 



PAKISTAN RIVER BREEDS. 

 

1.Nili-Ravi 

 

 Nili and Ravi are the names of two famous rivers in Punjab Region and were also two different 

breeds until 1950, but after this period it was difficult to distinguish between the two breeds, 

probably due to an overlapping selection criteria of breeders even if some farmers are following to 

maintain pure Ravi breed . Thus, the common name Nili-Ravi became popular. It is the most 

important livestock in Pakistan. It is also present in India and in the Punjab. 

 This breed is similar to the Murrah in almost all characteristics except for the white markings on 

extremities and walled eyes; horns are less curled than in the Murrah; the udder is well shaped and 

extends well forward up to the naval flaps. Height at withers of adult male is 135 cm, body weight 

is 700  kg, height at withers of adult female is 125 cm, body weight is 600 kg. The skin colour is 

generally black but there are albino animals, brown, spotted and with clear eyes. The major 

proportion is in Punjab (65%) with more than 10 million head.  

The genetic improvement is promoted by the Semen Production Unit in Qadirabad (figure 23), 

where progeny test and semen collection are carried out, for artificial insemination in the country, 

while the Buffalo Research Institute in Pattoki (figure 24) promotes applied researches in many 

fields, particularly on milk production, as Nili-Ravi is the best dairy buffalo breed in Asia, selected 

for this purpose.  

The milk yield is however depending from the buffalo farming system, with 1130 kg per lactation  

in rural farms,  2880 kg per lactation in peri-urban and commercial farms until 3050 kg in rural 

marked oriented farms (Younas et al., 2009). 

The milk is used for direct consumption after the skimming to produce butter, ghee and cream, used 

too in sweet industry.  

 

 

 

 



 
 

Figure 23 Nili-Ravi Bull, Semen Production Unit, Qadirabad District, Sahiwal (Borghese photo 

2010) 

 

 
 

Figure 24. Nili-Ravi Buffalo Cow in Buffalo Research Institute, Pattoki (Borghese photo 2010) 



 

 
 

 

Figure 25. Nili-Ravi Buffalo Cow, low pigmented  in Punjab, (Borghese photo 2010). 

 

 

 

2. Kundi 

 

 

Domestication of draught animals in the Indus valley civilization is referred to about 

4 500 years ago. 

It is the second most important breed in Pakistan. 

Population size: 5 500 000. 

Description: Black in colour, short horns. 

Height at withers of adult male is 135 cm, body weight is 700 kg. 

Height at withers of adult female is 125 cm, body weight is 600 kg. 

Distribution: Widespread in South Pakistan Sindh region. 

There are a few state buffalo farms with 500 to 1 000 milking buffaloes (Moioli and 

Borghese,2005). 



Dairy performance: 

 

Lactation duration 320 days 

Milk yield  2 000 kg 

Milk fat    7.0 percent 

Milk protein  6.0 percent 

. 

 
 

 

Figure 26.   Kundi breed, Punjab. 

 

 

  

NEPAL RIVER BREEDS. 

 

1. Lime. 

 

The pure Lime breed is believed to have originated from the wild Arna and has been domesticated 

throughout the known history of Nepal. 

The Lime buffalo is estimated to constitute 35 percent of the total indigenous buffalo population in 

the hills and mountains of the country. 

Population size: 700 000 

Description: Light brown colour, small body size, characteristic chevrons of grey or white hair 

below the jaws and around the brisket, small sickle-shaped horns, curved towards the neck. 

Height at withers of adult female is 115 cm, body weight is 399 kg. 

Distribution: The breed is found in the mountains, high hills and hill river valleys in Nepal. It is not 

found in the Terai plane. 



Husbandry: Mainly raised under migratory conditions or semi-stall systems. The breed is a 

voracious eater and is fed only low quality feedstuff such as rice, wheat and millet straw. Small 

farmers exchange breeding animals within and between villages. Among the migratory herds, male 

and females are grazed together and mate freely during the breeding season  from June to 

November (Moioli and Borghese, 2005). 

Females are legally banned from slaughter; only culled animals are slaughtered for meat. 

 

Dairy performance: 

 

Lactation duration 351 days 

Milk yield  875 kg 

Milk fat  7.0 percent 

Products: milk, ghee, meat, swiss-cheese, yoghurt, leather. 

 

 

         

 

 
 

Figure 27. Typical Lime buffalo (Rasali D. Photo, 1998) 

 

 



2.Parkote 

 

The hill buffalo of Nepal, named Parkote buffaloes, are the typical buffalo of the mid-hills and river 

valleys. However, due to the traditional practice of crossbreeding with Lime buffalo as well as 

recent crossbreeding with Indian Murrah, their population in pure form is now declining. At present 

the pure bred population is estimated at only 25 percent of the indigenous population in the hills and 

mountains of Nepal. 

Population size: 500 000 

Description: The Parkote are dark in coat colour and of medium-built body size, with sword-shaped 

horns directed laterally or towards the back. Black skin, black muzzle, black eyebrows. Usually 

they have no markings on the legs. 

Distribution: The breed is raised in the mountains, high hills and hill river valleys of Nepal. 

Height at withers of adult female is 114 cm, body weight is 410 kg. 

Husbandry: Mainly raised under migratory conditions or semi-stall systems. The breed is a 

voracious eater and is fed only low quality feedstuff such as rice, wheat and millet straw. Small 

farmers exchange breeding animals within and between villages. Among the migratory herds, male 

and females are grazed together and mated freely during the breeding season from June to 

November. 

Females are legally banned from slaughter; only culled animals are slaughtered for meat (Moioli 

and Borghese, 2005). 

Dairy performance: 

 

Lactation duration 351 days 

Milk yield  875 kg 

Milk fat  7.0 percent 

Products: milk, ghee, meat, swiss-cheese, yoghurt, leather. 

 

 

 

 

 



 
 

Figure 28. Typical Parkote buffalo (Rasali D. photo, 1998) 

 

 

NEAR EAST RIVER BREEDS. 

 

1.Anatolian 

 

The Anatolian buffalo has been raised in Turkey for centuries, originating from Indian migration 

(7
th

 Century), together with the expansion of Islam. 

Description: Black in colour, long hair, with variation in tail length and frequent white switch. 

Height at withers of adult male is 138 cm, body weight is 200-500 kg. 

Height at withers of adult female is 138 cm, body weight is 200-500 kg. 

Distribution: Concentrated in the Black Sea region, North of Middle Anatolia, Thrace, Hatay (figure 

29), Mus, Kars, Dyarbakir, Afyon, Sivas. 

Population size: 85 000 (Borghese, 2011a). 

Husbandry: In dairy farms, housing differs from region to region. If grazing is available, the three to 

five buffaloes owned by the family are taken to graze together with the other buffaloes from the 

village. Mating and calving occur at the pasture. Generally on the ground floor of each house  there 

are barns to keep the buffaloes in winter. The barns have no windows and the doors are tightly 

closed. Young animals are never taken outdoors in winter in the cold climates. 

Buffaloes are slaughtered together with cattle. Milking is done by hand except at the two existing 

research stations. 



Average slaughter weight is 300-350 kg, at the age of 18-20 months. Carcass yield is 53-55 percent. 

Overall growth rate is 400 g/day. 

Dairy performance (Borghese, 2011a): 

 

Lactation duration 224 days 

Milk yield  962 kg 

Milk fat  6.6-8.1 percent 

Milk protein   4.2-4.6 percent 

 

Products: a semi-hard cheese called “peyaz peyneri” is made from buffalo milk. 

Ayran is a drink with water and buffalo yogurt. 

Buffaloes are raised for milk production only as source of income that does not require any 

expenditure, i.e. in the areas that have natural feeding conditions. The price of buffalo milk is only 

slightly higher than the price for cows’ milk. Meat production is all converted into sausages. The 

price of buffalo meat is 10 percent less than the price for beef (Moioli and Borghese, 2005). 

 

 

 

 

Figure 29. Anatolian buffaloes in Ilikpinar village (Hatay, Borghese photo, 2002) 

 

 



2.Azeri or Caucasian 

 

This breed originates from the Indo valley (Indian buffalo). There is some evidence that buffalo 

were raised in Lorestan (Iran) in the 9
th

 Century B.C. since six engraved buffalo heads have been 

found on a bronze stick from this period. 

Population size: 600 000 

Description: Black in colour, short horns growing backwards. 

Height at withers of adult male is 137 cm, body weight is 400-600 kg. 

Height at withers of adult female is 133 cm, body weight is 400-600 kg. 

Distribution: In Iran, they are found in West Azerbaijan, East Azerbaijan and the Caspian Sea. In 

Azerbaijan, everywhere (figure 30). In Georgia and Armenia, they were widespread until 1940, but 

then declined. 

Husbandry: Housing differs from region to region. They are generally untethered in summer and 

tied up in winter. In some areas, milking females are tethered all year round. 

Average slaughter weight is 300 kg, at the age of 15  months. Carcass yield is 50 percent. Overall 

growth rate is 420 g/day. 

Dairy performance: 

 

Lactation duration 200-220 days 

Milk yield  1 200-1 300 kg 

Milk fat  6.6 percent 

 

Products: Milk, yoghurt, fresh cream, fresh cheese, butter, ice-cream, rice pudding, churned 

yoghurt, dried whey, ghee. 

In Iran, the price of buffalo milk is twice that of cows’ milk. Buffalo skin is used in the leather 

industry. Buffalo manure is used for fuel in rural areas (Moioli and Borghese, 2005). 

 



 
 

Figure 30. Azeri buffaloes (Borghese photo, 2003) 

 

 

3. Kuhzestani or Iraqi buffalo 

 

Population size: 200 000 

Description: Horns are short and grow upward forming a ring at the end. In size, it is very likely the 

biggest buffalo breed in the world. 

Height at withers of adult male is 148 cm, body weight is 800 kg. 

Height at withers of adult female is 141cm, body weight is 600 kg. 

Distribution: In Iran, they are located in Kuhzestan (figure 31) and Lorestan. In Iraq, mainly in the 

South, in the peri-urban areas of Baghdad and Mosul (Figure 32). 

Husbandry: Buffaloes are raised outdoors all through the year. They are housed in paddocks made 

of local plants (reeds, brushes, palm leaves) with a wall on one side, and three open sides. They are 

hand fed at the time of milking, morning and evening, with available green forage. They are also 

fed any type of by-products: waste of sugarcane, reeds from marshy land, home baked wastes. 

Those that swim in ponds and rivers are also fed aquatic plants. 

Milking is done by hand in 95 percent of cases and in a few cases with movable milking machines, 

there are no milking establishments. Male buffaloes are very hazardous, strong and difficult to 

handle and always aggressive to humans. In a few cases, for tilling operations, they are castrated. 



Females are very sensitive to non-familiar persons and reduce milk yield with non-familiar milkers. 

Generally females are also not docile (Moioli and Borghese, 2005). 

Average slaughter weight is 400 kg, at the age of 12 months. Carcass yield is 50 percent. Overall 

growth rate is 580 g/day. 

Dairy performance (Borghese, 2011a): 

 

Lactation duration 210-250 days 

Milk yield  1 600-2 100 kg 

Milk fat  6.2 percent 

Products: Milk, yoghurt, fresh cream, fresh cheese, butter, ice-cream, rice pudding, churned yogurt, 

dried whey, ghee (Borghese, 2011a). 

 

 

 

 

Figure 31. Kuhzestani buffalo, Iran, (Borghese  photo, 2005) 

 

 



 
 

Figure 32. Kuhzestani buffalo, Iraq, (Jabbar Al-Saedy, photo, 2010) 

 

 

4. Egyptian 

 

Buffaloes were introduced into Egypt from India, Iran and Iraq approximately during the middle of 

the 7th Century. 

The distinction between the different types of Egyptian buffaloes is only environmental. It is the 

most important and popular livestock for milk production in Egypt. 

Population size: 5 231 000 (FAO, 2010). 

Description: Blackish grey in colour, horn form varies from lyre to sword-shaped. The head is long 

and narrow, the jaws are long and strong. Ears are long and dropping. The neck is rather long, thin 

and straight. The forelegs are rather short and heavy boned. Ribs are wide, deep and well sprung. 

The rump is sloping and the tail setting is low. 

Height at withers of adult male is 178 cm, body weight is 600 kg. 

Height at withers of adult female is 144 cm, body weight is 500 kg. 

Distribution: all over the country, mainly in peri-urban areas, in Fayum oasis (figure 33, 34) and in 

other oasis, along the Nile river  and the Nile delta. 

Husbandry: The farmer keeps manure in a solid state inside the animal enclosure. The solid manure 

is taken twice a year and spread in the fields before planting. The animals are slaughtered only in 

slaughterhouses, following the Islamic practice of cutting the jugular vein (Moioli and Borghese). 

Milking is done by hand, twice a day, mainly by women. 



Average slaughter weight is 500 kg, at the age of 18-24 months. Carcass yield is 51 percent. Overall 

growth rate is 700 g/day. 

Dairy performance in traditional systems-progressive systems (Soliman, 2009): 

 

Lactation duration 180-250 days 

Milk yield  1 800-2 200 kg 

 

  

Products: yogurt, creams, butter, ghee; the following cheeses are produced with the addition of cow 

milk: Domiati, Karish, Mish, Rahss (Borghese, 2011). 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

Figure 33, 34. Egyptian buffaloes from Fayum oasis (Borghese photo, 1996) 
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1. ITALY 

 

 

1.1. Selection, milk recording and production 

Buffalo Genealogical Book was instituted by Italian Ministerial Decree on June, 23, 1980 and was 

held by A.I.A.(Italian Association of Breeders).  

The A.N.A.S.B. (National Association of Buffalo Species Breeders) had been instituted on 1979 

and recognized on the 1994 by Agricultural Ministry. 

The Ministry, with Ministerial Decree n° 20154 has entrusted the management of the Book to 

A.N.A.S.B. on year 2000. In the same year other decree (D.M. 201992 on July,5, 2000) recognized 

buffalo enrolled in Genealogical Book pertaining to  the only own race: “Mediterranean Italian” 

(figure 1). 

The animals rose in Campania and in Lazio Regions of Italy give the milk used for the production 

of the famous “Mozzarella di Bufala Campana D.O.P. ” (figure 2). The D.O.P. (Denomination 

Origin Protected) Mozzarella di Bufala Campana was recognized with the Ministerial Decree on 

May 10, 1993, published on the G.U. n.219 on 17/9/1993, and after from European Union; that 

means that this cheese mozzarella has to be produced in defined areas of the Provinces of Caserta, 

Salerno, Benevento, Napoli, Frosinone, Latina, Rome,(Foggia was added after), coming only from 

fresh milk of buffalo cows of Mediterranean Italian breed, registered in the Buffalo Genealogical 

Book. The Decree establishes the milk characteristics (fresh within 16 hours from milking, raw, 

minimum fat 7%,), processing techniques (acidification, coagulation, stretching, moulding) and 

mozzarella characteristics. The logo is represented in figure 3. The control and guardianship is 

effected by “Consorzio per la tutela del formaggio Mozzarella di Bufala Campana”, so the 

European consumer is guarantee that the logo means a quality product of the made in Italy, 
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according  the best standard of animal management, welfare and health, according also the best 

characteristics of mozzarella, as sanity, freshness, flavour and juiciness.      

The main factors that have contributed to the development of buffalo in Italy in the past few years 

have been the following: no regimen of milk quotas; increase of the consumption of mozzarella in 

Italy and export in many countries in the world; the high price of buffalo milk (about 1.20 euro/ kg) 

in comparison with cattle milk (about 0.40 euro/kg), the high technology of farmers, high level of 

management and breeding, high genetic value of the herd, obtained by performance and progeny 

testing, animal recording and selection, artificial insemination applying, starting with an 

organization born more than 50 years ago. 

Several cycles of progeny tests, with the publication on 1997 in the first time, of the genetic indexes 

of breeders of buffalo species, both males and females, are effected by ANASB. 

The execution of the milk recording in buffalo is applied according ICAR (International Committee 

for Animal Recording, Moioli,2005), according  to the Regulations of the Buffalo Species and to 

the norms emanated in the Central Technical Committee of the milk recording of the bovines and 

the buffaloes. For being able to be subordinate to the control, as a result of completely voluntary 

adhesion, the farms must fulfil to some prescriptions: they must be subordinate to the inspection 

from an expert of race of A.N.A.S.B. ; they must possess the sanitary certificate from National 

Sanitary System that attests its indemnity and must have the bulls with genealogical certificate in 

order to admit they to service. 

For Mediterranean Italian Buffalo, the productive controls regard: the quantity of milk in kg, the 

determination of the percentage of fat and of proteins (kg and %) and the somatic cells. 

The beginning of the official lactation starts at calving, the first control cannot be carried before the 

five days from calving and not beyond 75 days. The duration of the reference lactation is 270 days, 

in any case the duration of the effective lactation must be indicated.  

Every milk control must be made on all the milking ordinarily practiced by the breeder in the 24 

hours, annotating also the hour in which the same control is carried out, the quantity of milk found 

must be indicated in kilograms, the milk must be weighed with the balance or be determined with 

lactometers. 

For every subject are reported the following data: number of current lactation ,  daily production 

expressed in kg milk, % fat, % proteins and number of somatic cells, the effective production from 

the calving for:  kg milk, kg fat and proteins and the daily medium production, the milk production 

in comparison to the reference lactation of 270 days, “equivalente bufala matura” (E.B.M.) 

expressed in kg of milk, fat and proteins (Coletta and Caso, 2008).  



 

 

E.B.M is a hypothetical production for a buffalo that started his lactation in January at five years 

old; the productive ability is the ratio between E.B.M. of the single buffalo and the mean I.B.M. of 

the farm.  

All data are collected by ANASB, which decides on the selection goals which are presently to 

increase not only the milk quantities but specifically the mozzarella cheese production according to 

the mozzarella index: 

Mozzarella (kg)= Milk (kg) x (3.5 x % proteins + 1.23 x % fat – 0.88) / 100 

 

 

 

 

Figura 1. Mediterranean Italian breed, Tor Mancina farm, Rome (Borghese photo 2006). 

 



 

 

 
 

Figure  2.  Mozzarella and the colours of Italian flag: green, white, red. 

 

 

 

 

 

          
 

Figure 3. Logo of Mozzarella di Bufala Campana DOP 

 

 



 

 

 

In Italy there are 370 000 buffaloes and  the mean milk production is over 2200 kg for lactation, in 

confront of other Mediterranean countries where the maximum production is less than 1900 kg. In 

Italy the milk production in 46,799 recorded buffaloes (ANASB, 2009) was 2 221 kg (8.24 % fat 

and 4.66 % protein) in 270 days of lactation (Table 1). Recorded buffaloes are raised in 290 herds 

with an average of 161.3 head per farm. 

 

Table 1. Italian Buffaloes (ANASB 2009) 

 

N° Head 370 000 

N° Dairy buffaloes 180 000 

N° Recorded buffaloes 46 799 

% Recorded Buffaloes 26.0 

N° Recorded farms 290 

N° Head/farm 161.3 

kg milk production (in 270 d) 2 221 

% Fat 8.24 

% Protein 4.66 

 

In the year 2010 the milk production in 270 days of lactation was 2180 kg with 8.47% fat, 4.59% 

protein. The recorded buffaloes were 50,240 with an increasing of 7.35% (ANASB, 2011). In the 

year 2011 the milk production was 2134 kg  with 8.4% fat and 4.7% protein on 54,548 recorded 

buffaloes, with a further increasing of 8.57% on recording extension. 

In other countries the buffalo productivity is lower, due to the fact that only Italy has undertaken a 

great deal of work on recording, on selection, on reproductive and genetic improvement, on health, 

on feeding and livestock systems, as is shown in the following analysis. 

The recorded buffalos on year 2006 were 40.425, with an increase of 1,2% regarding 2005. 

In figure 4 is clearly evinced how the buffalo head number increased in the period 1981 – 2006 and 

this is the basis for the genetic development and the milk capacity improvement. 

On the basis of  26,462 considered lactations, we found on 2006 an average production of kg 2.178 

with fat average of 8,09% and a proteins average of 4.67% . (Coletta and Caso, 2008). 

In the reported period, the average production expressed in kg, has been increased slowly but 



 

 

constantly from 1990 with 1893 kg for lactation until 2004 with 2184 kg for lactation, until 2009 

with 2221 kg for lactation. 

 

 
 

 

Figure 4.  Recorded Buffaloes in the years 1981-2006 (Coletta and Caso, 2008). 

 

 

 

 

In the last few years, in Italy, milk composition has been improved:  the average protein content has 

raised from 4.4% in 2002 to 4.6% in 2010 while the average fat content raised from 7.3% in 2002, 

to 8.5% in 2010, without operating any selection for the character of protein and fat content. 

Moreover the possibilities for genetic improvement for milk quantity and quality will be higher, if 

the selection pressure will be increased reducing the number of bred females, discarding the low 

productive females. At the present time there are many females in Italy producing more than 5,000 

kg milk/270 days of lactation ) until the maximum production of 5600 kg with 8.32% fat and 4.63% 

protein. 

There are in Italy two Bull Buffalo Centres for semen production: the COFA (Cooperativa 

Fecondazione Artificiale) in Cremona Province, Lombardia Region, in North of Italy, where there 

are many bulls with genetic potential to produce more than 4000 kg milk/ lactation as Malandrino 

Bull and O-B-One Bull lines. The Chiacchierini Bull Centre in Perugia Province, Umbria Region, in 

Middle Italy: this one started a genetic selection programme with CIPAB consortium and actually 

produces semen from 16 tested bulls from different bloodlines, coming from mothers over 3100 kg  

milk yield per lactation with more than 4.5% protein: there are Ciripicchio Bull with 4494 kg 

milk/lactation and Jesce Sole Bull with 4157 kg milk/lactation, as recorded in the best daughters, 



 

 

and Brillante, the best bull for pedigree index of 2010-2011 progeny test. This stud is one of the few 

European A.I. studs authorized as insect-proof quarantine barn, located away from the semen 

production zone. It is authorized for worldwide export for the excellent sanitary level. Chiacchierini 

Bull Centre produces sexed semen too, available from a lot of bulls. 

Hereafter the selection will be directed at the improvement of the yield of mozzarella cheese, not 

simply for milk production, since the farm income is based firstly on mozzarella cheese, secondly 

on the sale of pregnant heifers, lastly on beef sales and finally on the sale of semen and embryos of 

high genetic value.  

The largest proportion of the buffalo population can be found in Provinces of Caserta and Salerno 

(Campania region), and the next localities for size of population are the Provinces of Frosinone and 

Latina (Lazio region), which are in the Denomination of Protected Origin (D.O.P.) area. 

The control and monitoring of pathologies is effected by the local veterinary services and by the 

“Istituto Zooprofilattico Sperimentale” (Animal Prophylaxis Research Institute), one for the Lazio 

region and another for the Campania region. The hygienic control of the milk production and of the 

milk products in the industry is of a particularly high standard. 

Research on the buffalo species is carried out by the Animal Production Research Institute, 

Monterotondo, Rome, where are the General Secretary of the International Buffalo Federation (IBF) 

and the FAO Inter-Regional Cooperative research Network on Buffalo that publish the Buffalo 

Newsletter, and by the Federico II University, Naples. 

 

 

1.2.Management and nutrition 

 

 

Italian buffalo management is today exclusively intensive, as in the past it was extensive too with 

calves milking from cows in the open air (figure 5) separately or together with milking man by 

hands. This figure is disappeared, now existing only intensive system: dairy buffaloes are kept loose 

in paddocks close to the milking room, where the cows are submitted to udder control and 

mechanically milked twice a day. The females are normally artificially inseminated in the paddock, 

using high genealogy semen, preferably in February-March after oestrus induction, to obtain 

calving before spring (about 50% fertility), as the milk is paid more in spring and summer according 

the consumer demand. After one month from artificial insemination the empty females are naturally 

mated (figure 6), obtaining another 30% fertility with a total mean fertility rate of 80%. 

The buffalo cows are selected too for udder and teat conformation and adaptability to milking 



 

 

machine (figure 7).  

Milk production is sustained by diets with a high energy (from 0.85 to 0.95 MFU/kg dry matter-

DM) and a high protein concentration (14-16 % crude protein on DM), based on maize and other 

silages, cereal grains, soya, alfalfa or “graminaceae” hay and by-products. The feeding stuffs 

movement and distribution is effected by mixing trucks along the feeding line in paddock or in 

feed-lots (figure 8); the movement and stocking of dung is also mechanized; therefore there are no 

smallholders in Italy, but only farmers with an average herd size of 161.3 head per herd. Heifers are 

also fed intensively in order to achieve puberty before 20 months (Borghese et al.,1997, Borghese, 

2005). The heifers are housed loose in paddocks all year long, utilizing the same modern systems 

used for dairy cows. 

In intensive systems the buffalo cows normally receive unifeed composed of maize silage, 

concentrates, hay, straw and sometimes by-products.  For example, a 600 kg live weight buffalo 

cow producing 10 kg milk, would be fed 15.3 kg DM (33 % maize silage, 42 % alfalfa hay, 8 % 

maize grain and 17 % concentrate with 38 % proteins,) with 12.7 Milk Feed Units (FU), 2.1 kg 

crude proteins and 3.5 kg crude fibre. Maize silage can be highly increased: some rations foresee 

until 60% maize silage, 26% concentrates, 14% hay and straw, sometimes by products (tomato peel, 

brewer grain residuals, sugar beet pulp) (Borghese, 2010). 

Experimental diets (Barile et al., 2010) were carried out with maize or sorghum silages (16% on 

DM): in the first diet maize silage was 71.2%, alfalfa hay 9.3, concentrate 19%; in the second diet 

sorghum silage was 60.9%, alfalfa hay 10.1%, concentrate 28.5%. In both groups milk FU/kg were 

0.9, crude protein 15.6%, crude fibre 21.2% on DM. Both diets produced more than 8 kg 

milk/head/day (8.03-8.78 respectively with maize or sorghum) with 8.74-8.47% fat and 4.98-4.78% 

protein respectively during lactation 270 days long. 

The calves are normally taken off the mothers, they receive colostrum in the biberon (particular 

bottle) and after reconstituted milk, in single cage 1 or 2 months after birth, to avoid infections and 

to control the consumption, after in multiple boxes (figure 9), where the calves receive milk 

replacers, starter concentrates and good hay until the weaning (about 3 months for males, 3-5 

months for females). The males follow the meat line and they are managed in feed-lots or in slatted 

floor stables for fattening (figure 10), as the females are preferably managed in open air, especially 

if pasture is available.   

 

 



 

 

 

 

Figura 5. Extensive system: calf with cows. Tor Mancina farm, Rome (Borghese photo 2006).

 
 

Figure 6. Intensive system with mating. Tor Mancina farm, Rome (Moioli photo 1994). 



 

 

 

 
 

Figure 7. Beautiful Mediterranean Italian Buffalo cow in intensive system. Tor Mancina farm, 

Rome (Borghese photo 2006). 

 

 
 

Figure 8. Intensive system: feed-lot. Tor Mancina farm, Rome (Borghese photo 2006). 

 



 

 

 
 

Figure 9. Calves managed in box.  

 

 
 

Figure 10. Intensive system for fattening. Tor Mancina farm, Rome (Borghese photo 2006). 



 

 

1.3.Buffalo food and market 

 

The largest proportion of the buffalo population is localized in Provinces of Caserta and Salerno 

(Campania Region), and the next localities for size of population are the Provinces of  Frosinone 

and Latina (Lazio region), which are in the Denomination of Protected Origin (D.O.P.) area . 

The hygienic control of the milk and milk products in the industry is of a particularly high standard. 

The market is mainly based on mozzarella cheese, very famous one, not only for the local 

consumption according the traditional Italian cooking style, but also in many foreign countries. 

There are different types of mozzarella, the best one is produced in D.O.P. area (figure 12) 

according the regulations: it is hand made by raw buffalo milk, soft, juicy and tasty, rich of live 

ferments, natural yeasts and microbes, it is coming from a difficult processing schedule, particularly 

for stretching phase (figure 11), it changes taste during time, not preserving in fridge but in 

mozzarella water and the shelf life is about 5 days. The industrial mozzarella, even if produced in 

D.O.P. area according the regulations, is made by machines and microbes die during pasteurization, 

with the advantage of a longer shelf life, preserving in fridge (until more than 2 weeks) but the 

material is too compact and the taste is hard and anonymous; this product is distributed in 

supermarket and for export. After that there is a lot of false mozzarella, produced by mixing buffalo 

and cow milk or out of D.O.P. regulations. The basic price of mozzarella at cheese industry is 10 

euro/kg, with a good profit, utilizing 4 litres of milk/kg mozzarella and starting from the milk price 

as 1.20 €/litre that is more than 3 times the price of cattle milk. The price in the shop increases as 

more as the quality of mozzarella and the distance from the site of production until 20-30 €/kg. The 

market is richer in Campania and Lazio Regions, where is easy to find shop with a lot of products 

coming from milk and meat industry. The mozzarella D.O.P. consumption is about 82% for the 

Italian market, 18% for the export, particularly for Germany (20% of the export), France (20%), 

USA (18%), U.K. (12%) (Borghese, 2005, 2010). 

In the year 2010, 36000 tons of mozzarella were produced, with an increase of 12.5% respect to the 

2009, with a sales volume of € 300 million at the production, € 500 million at the consumption 

(Borghese, 2011). In the year 2011, 37000 tons of mozzarella were produced (320 million €), in the 

first 6 months of 2012, 18203 tons were produced. 

Another very appreciated product is the ricotta (figure 13), that is not really cheese because it is 

produced boiling the serum proteins remaining after the produced curd.   

After mozzarella market, now meat market is rapidly increasing: now there are some fattening 

centres for the production of excellent buffalo carcasses. Calve carcasses are appreciated for clear 

and tender meat (figure 14) but normally the live weight at slaughter is 400-440 kg obtained at 15-

16 months of age with 800-1000 g/d of daily gain, managed on slatted floor (figure 10) to avoid bad 



 

 

smell of urine and faeces: young bulls without defect or pathologies, beautiful carcasses with 

conformation R (good), medium fattening (figure 15) according Italian market requirements are 

obtained, 52% dressing percentage, 57% net dressing percentage, 62% meat on carcass, meat with 

low fat (less than 3%), very clear, tender and juicy, with good dietetic qualities: <50mg cholesterol 

/100 g, unsaturated fatty acid/saturated fatty acid >1, iron >1.5mg/100g. 

The first quality cuts are well represented with good muscular growth and are sold at 14-25 €/kg for 

typical restaurants and many products, as bresaola, salami, cacciatorini are sold in typical shop 

together with buffalo cheese, as meat also obtained I.G.P. (Indication Geographic Protected) “Carne 

di Bufalo Campana”.  

Very appreciated and common products are: mozzarella, treccia, scamorza, crescenza, robiola, 

caciocavallo and other cheeses, ricotta, yogurt; meat and meat industry products: bresaola, salami, 

sausages, caciorollo, cacciatorini (little salami) (figure 16). 

Finally Italy is a reference point as buffalo importance in human food sustainability for high quality 

products. 

 

 

 

 

 
 

Figure 11. Milk processing and mozzarella production. 

 

 

 



 

 

 
 

Figure 12.  Typical Italian Mozzarella di Bufala Campana DOP “Aversana type”.  

 

 

 

 

 

 

 

 
 

Figure 13. Typical Italian ricotta. 

 

 



 

 

 
 

Figure 14. Calves  buffalo carcasses.  

 

 
 

Figure 15. Rump of young bull with conformation R and fatness 2+ . 



 

 

 

 

 

 

 

 
 

Figure 16. Scamorze, bresaola and salami from buffalo.  

 

 

 

2. ROMANIA 

 

Despite the fact that the origins of buffalo in the area are unclear, it is sure that they were introduced 

about 1000 years ago - by perhaps the Crusaders or the Islamic invaders. The buffalo found in the 

north in the Carpathians were, possibly, introduced 500 years earlier by the Avars (SAVE, 2011). 

But this theory is not real, because buffaloes coming from Mongolian countries have to be Swamp 

subspecies, on the contrary Romania buffaloes are typical Mediterranean, River subspecies and 

therefore coming from Near East (Borghese, 2012). Even though the origins are not yet clear, it is 

possible to see that the buffalo have adapted to their local environments: the Carpathian and 

Transylvanian types have hard hooves for moving over stones and have a thick winter coat. 

Wherever the buffalo live, this Riverine type loves to swim. 

Various traditional products were made with their milk, meat and skins. Their muscle power was 

used on the farm as traction. Buffalo were valued for their frugality, longevity and triple-use. 

The negative side of the buffalo is, perhaps, part of the key to its downfall: the cows often only let 

down their milk for one person – usually the man of the family  - they can also be aggressive and 

are extremely wilful and stubborn. These factors, along with the increased use in tractors and the 

promotion of high-yield cows led to the buffalo being replaced. Numbers in the last 20 years have 



 

 

decreased from tens of thousands down to, in some countries, too few to make breeding viable 

without import of new stock(SAVE , 2011).  

The buffalo population in Romania was more than 200 000 head in 1996 (Borghese, 2005). 

Actually it is about 25,000 head, located particularly in Transylvania, classified as Mediterranean 

Carpathian breed. The SAVE Foundation (SAVE, 2011) organized an International Workshop on 

Conservation of Autochthonous Buffalo on 6-7 May 2011 in Sighisoara (Romania), as the real risk 

for Carpathian buffalo is the extinction. The conservation strategy is based only on subsidies, so the 

population is rapidly decreasing as family farmers don’t need more animals for draught and carry as 

in the past. 

The average milk production, but only in few recorded animals, in 2008 was 1,800 kg per lactation 

(274 days) with some champion producing until 3290 kg per lactation (Vidu, 2010) with fat 

percentage moving from 5.2 to 6.2% and protein from 3.5 to 3.9%. The animal recording is at good 

level (669 recorded animals in 2009) and artificial insemination too with 2041 effected A.I. in 2008 

(Vidu, 2010). The mean age at the first calving is 36 months, calving interval is 485 days. 

Buffaloes are still used today on small private farms for draught and the goal of the selection 

process is to create a dual-purpose type of animal (milk and meat), realizing good daily gains (600-

800 g), in order to slaughter the males at 22 months with 460 kg of live weight. At present the 

calves are also fattened to be slaughtered at four months (100 kg of live weight).  

The animals are housed and tied during the winter due to the unfavourable weather conditions and 

fed with hay, bran, concentrates, silage, grazing on pasture in the warm season (figure17,18,19). 

As Romania buffaloes can have these performances, but only if correctly managed, they need soon 

a project to increase rapidly the milk production capacity in all the population, even applying 

artificial insemination with Italian semen, to create a milk-cheese market and justify a buffalo 

economy in the country. 

Subsidies are not a long-term, sustainable solution for conservation of the species, one or two 

animals for family. Policy changes can lead to immediate decrease in numbers as subsidies are cut 

or the focus of them merely changes.  

Connecting with nature conservation in protected areas by grazing provides a cost-effective eco-

management system whereby buffalo can obtain a monetary value without requiring a commercial 

activity. This, in turn, can be coupled with agri-tourism activities, use within extensive production 

systems and linked to local traditions and ethnic minorities.  

In many of the countries concerned, availability of land and land ownership has been negatively 

affected by historical processes. Land has changed hands, been collectivised or, in some places, 

national borders have changed. Often it is impossible to find out who really owns a piece of land, 

this is compounded by the fact that many traditional farms are so small-scale that, to buy a land 



 

 

parcel large enough for a commercially viable buffalo herd would mean tracking down many 

previous owners and their relations in order to negotiate a purchase (SAVE, 2011). 

Markets for buffalo products (dairy products and meat) exist but could be improved upon. Common 

dairy products are yogurt, butter, soft cheese and typical cheese as Vladeasa and Braila (Borghese, 

2005). 

 

 
 

Figure 17 



 

 

  
 

 

 
 

Figure 17, 18, 19. Buffaloes on Transylvania pastures in Meschendorf (Borghese photo 2011) 



 

 

3. BULGARIA 

 

The mechanization entered in the agriculture and led to a decrease in the buffalo population. For 

this reason it was necessary to change the genetics of the native buffalo from draft type to milk type. 

20 pregnant buffalo cows and 10 bulls from the Indian Murrah breed from India, 50 buffalo cows 

and 4 bulls from Nili Ravi from Pakistan were imported in Bulgaria in 1962 and 1974 respectively .  

This activity was effected systematically under the scientific management of the Buffalo Research 

Institute in Shumen and the National Animal Selection Centre (Alexiev, 1998). This was the 

beginning of creating a new milk breed, the Bulgarian Murrah (figure 20,21) with genetic potential 

2000 kg milk yield, 7.5% fat content and 550-600 kg body weight of adult buffalo cows.  

For the purpose of optimizing genetic improvement of the buffalo population in respect of milk 

ability, a selection program based on genetic level of the population and on the artificial 

insemination was developed by Alexiev (1979) and improved by Peeva (2000) . In the  program an 

estimation of the most important traits was made, as well as of fixed and variable parameters.  A 

model, including four pathways of genetic transmission and inbreeding depression was developed 

(Alexiev et al., 1991). According to the programs of the authors an annual genetic gain of 1.06% 

and 1,89% for milk yield was realized, respectively.  

The number of buffaloes in Bulgaria at 01.11.2008  was 8968, including 5153 dairy buffaloes 

(Peeva, 2009) .  

On the private farms, where the population is concentrated the reduction is 36,0%, whereas on the 

state and cooperative farms this reduction is 98,8% compare to 1990. The interest in buffaloes 

increased during the last years which led to building buffalo farms with capacity from 10 to 100 

dairy buffalo cows. From the total number of the buffaloes, 43,8 % are rearing in  farms with 

capacity up to   20 buffaloes and 56,3% with more than 20 (Peeva, 2009). 

As a result of the crossing up to now the buffalo population is more than 80 % of Bulgarian Murrah 

breed. As the results of the crossing of Bulgarian Local buffalo with Murrah breed during the last 

decades came substantial transformations on its type and body conformation. The cows from 

Bulgarian Murrah breed are characterize as animals with deep and wide thorax and body compact in 

comparison with Bulgarian buffalo cows. 

Another evidence of the presence of genetic capacity for high milk newly population is the fact that 

many buffalo cows have a milk yield above 2500-3000 kg and some of them – more than 4500 kg.  

The champion of the population is crossbred F2 from which is obtain 5349 kg with 6,64 % fat  for 

305 days  (Peeva, 2009). 

During 2009 from Italy was imported semen of Mediterranean buffaloes to cross with Bulgarian 

Murrah. The main purpose of the crossing is to increase genetic diversity in buffalo population, to 



 

 

decrease inbreeding and improve the body conformation of the animals. 

 The mean values of the lifetime traits in the Bulgarian Murrah are follow: 

productive life is 1451.18, which is equal to 3 years and 4 months (Ilieva and Peeva, 2007), 

longevity is 2646 days (7 year, 3 months) as for culled cows at first, second and third lactation is 

respectively 1254, 1708, 2435 days (Peeva and Ilieva, 2007); lifetime milk yield – 5851 kg; milk 

yield per day of life time – 1.97 kg; lifetime lactation period – 858 days; milk yield per day of 

lactation period – 6.64 kg; lifetime lactations number – 3.67; lifetime calving interval – 1288 days; 

milk yield per day of productive life – 4.43 kg (Peeva, 2009). 

The percentage of culled cows for low productivity is 19%, including buffalo cows having milk 

yield below 200 kg per lactation of 120 days; the prolapses takes 11% of the total culled cows, 

including vaginal and uterine prolapses; the proportion of culled cows with short lactation is 7%; 

the culled cows for old age (over 8 lactations) are 9% of total: this shows that the longevity of 

buffaloes is longer than in cattle (Peeva and Ilieva, 2007).  

Main source for meat are male calves. Investigations regarding the fattening abilities of buffalo 

calves show considerable differences by comparison with beef calves ( Dimov and Peeva, 1994) . 

The average daily gain of buffalo calves is between 650 and 1083 g. The most effective slaughter 

body weight is 400 kg ( Dimov and Peeva, 1994).  

The buffalo  has lower dressing percentage compare to cattle. For suckling calves it is about 56 %; 

to 4 months of age it is 59.4 %; from 6 to 12 months it is 45 %; from 12 to 18 months it is 47 % and 

over 24 months 45.3 % (Peeva,2009). 

 The average age at first calving is within the range from 32 to 40 months on different farms in the 

country and different breeds (Peeva, 2000). 

The calving interval range from 436 to 505 days according breed, nutrition and management of the 

farms (Peeva, 2000). 

Buffaloes were raised on the State farms, kept tied in closed sheds, machine milked and fed maize 

silage, alfalfa or grass hay, straw  and concentrates.  

The animals were manage in separate groups according to physiological conditions: suckling calves, 

females four to twelve months, heifers, pregnant heifers, dry cows and milking cows. 

After the changes in the political and social-economic system in 1989, buffaloes were transferred to 

the new private farms, where scientific and genetic activities were limited and the animal numbers 

have drastically declined. 

Actually, there are only 9 200 head, of which 5 880 are cows of Bulgarian Murrah in Bulgaria 

(Borghese, 2011).  These animals are submitted for milk recording and to artificial insemination. 

Milk recording, selection, artificial insemination and progeny testing are coordinated by the Buffalo 

Research Institute in Shumen. 



 

 

Products: White brine cheese, typical yoghurt, salami, sausages, Pastarma. The most of the market 

is link to the typical buffalo yogurt, very appreciated and to meat byproducts. 

 

 
 

Figure 20. Bulgarian Murrah bull (Alexiev photo, 1998). 

 

 

 
 

Figure 21. Bulgarian Murrah herd (Alexiev photo, 1998). 



 

 

4. GERMANY 

 

In Germany there are now 2111 buffaloes, in 14 different Regions, but particularly in Sachsen 

(434), in Baden-Wurttemberg (389) and in Brandenburg (287) (Thiele, 2009, Borghese, 2010). The 

Germany is an example of adaptation capacity of buffaloes to cold climates; they can stay on the 

snow without problem (figure 22). Normally the animals are managed in the stables during winter 

and on the pasture during spring and summer (figure 23).  The population started with 625 head 

imported by Italy and Bulgaria in 2001, showing now typical characteristics of Mediterranean or 

European breed, much more similar to Balkan type (figure 24,25) than to Bulgarian Murrah. The 

population had a quick increasing linked to a rich market of high quality products, coming from 

milk and meat processing as mozzarella and other cheeses, cream, yogurt, sausages, meat boxes, 

and also beauty products (figure 26). 

Germany is another example of a new and rich market, invented by the buffalo farmers. 

 All  buffalos are recorded in the German livestock controlling system. 

According the report related to the 2 biggest buffalo herds of Sachsen (Saxony), Dr. Golze reported 

the level for traits of fertility, milk and growth performance relating to the years 2004/2005 

(Guglielmetti, 2007): 

weight at birth was found to be 44.7 kg for male buffalo calves and 39.5 kg for female buffalo 

calves respectively. Weight at 3 months was 147.0 kg for male calves and 132.4 kg for female 

calves. Weight at 9 months was 351.2 kg for male calves and 305.7 kg for female calves. 

Males were used for breeding from the age of two years  (Guglielmetti, 2007). 

 

 

 

 

Figure 22.  Mediterranean buffalo on the snow in Sachsen (Guglielmetti photo 2007). 

 



 

 

 

 

Figure 23. Buffalo on the pasture in Sachsen (Guglielmetti photo 2007). 

 

 

 

 

 

 

Figure 24. Mediterranean buffalo young bull, Chursdorf, Germany, (Manfred Thiele photo 2008). 

 

 



 

 

 

 

Figure 25. Mediterranean buffalo bull, Chursdorf, Germany, (Manfred Thiele photo 2008). 

 

 

 Buffalo heifers were first mated at the age of 18 to 24 months. Age at first calving was 35 months 

on average. Calving interval was on average 633.5 days. The buffalo bulls were commonly 

slaughtered at a weight between 540 and 760 kg (Guglielmetti, 2007). 

Regarding milk performance Dr. Golze reported (Guglielmetti, 2007) that in the Chursdorf herd over 

a 305-day lactation period, milk yield was on average 2232 kg in the first lactation and 2577 kg in 

the second lactation. Fat yield was 193.7 kg in the first lactation and 237.7 kg in the second lactation. 

Protein yield was on average 101.0 kg and 123.7 kg for the first and second lactation respectively. 

There was found a big variation for these traits. 

A recent study (Guglielmetti and Golze, 2009), conducted by the Saxon Regional Office for 

Environment, Agriculture and Geology, required male and female young buffalos to be slaughtered 

at an age of 647 days (561 to 757 days, n = 12). Weight at slaughter was 549 kg on average. The 

dressing percentage was 56.7%, whereas the weight of the two halves was 307.1 kg. The percentage 

of valuable parts was found to be 62.5% on average. The meat taken off the M. longissimus dorsi 

contained 21.4% raw protein, 2.5% raw fat, 75.0% water and 1.1% ash. At 48 hours after slaughter 

pH was at 5.5. The drip loss was 3.5%, loss after grilling 32.6% and loss after cooking 47.3%. 

Shrinkage on chilling was 3.6% after 14 days and 4.2% after 21 days. According to Minolta CR300 

the meat colour was 33.3. Tenderness was measured: 5.2 kg at 48 hours post mortem, 3.4 kg after 

14 days and 2.8 kg after 21 days. 



 

 

 

 

 

 

 

Figure 26. Typical buffalo products from Germany. 

 

 

 

 

 

 

5. MACEDONIA 

 

The buffalo farms in Macedonia are very few, 4 or 5 at all perhaps, and the total population is very 

reduced, probably 175 animals (SAVE, 2011), but nobody from many people knows exactly the 

reality; there is a farm in Debreshte village (near Ropotovo), with some local dairy cows and 12 

buffaloes of Mediterranean breed, but small and compact, that were bred on natural pasture (figure 

27,28). The first problem of the farmer is that they have no male and very high consanguinity. The 

proposed solution is the introduction of artificial insemination by Italian semen to increase the milk 

production, actually very low, and to introduce different and better genetic basis (Borghese, 2010). 

In Mojanci village ( near Kocani), there is a family farm with 8 buffaloes in the farmyard close their 

house, of the same Mediterranean breed (figure 29), but the animals were bigger than in the 

previous farm. The farmer produces simple cheese that is sold in local market (figure 30). 

The reality is that a programme to save and develop buffaloes in Macedonia is a priority to maintain 



 

 

biodiversity, to conserve buffalo genetic, that was introduced 5 centuries ago with Turkish invasion, 

to develop animal farms and typical products for local market and as a basis for tourist economy. 

The project presented by the Animal Science Institute to the Agricultural Ministry, will be carried 

out with the cooperation of Italy (Borghese, 2011). 

 

 

 

Figure 27 . Mediterranean Macedonia breed, Ropotovo, Macedonia. (Borghese photo, 2008). 

  



 

 

 

 

Figure 28. Buffaloes on pasture, Ropotovo, Macedonia. (Borghese photo, 2008). 

 

 

 

Figure 29. Family management in Mojanci village, Kocani, Macedonia. (Borghese photo, 2008). 



 

 

 

 

Figure 30. Simple cheese in Mojanci village, Kocani, Macedonia. (Borghese photo, 2008). 

 

 

6. UNITED KINGDOM 

 

There are a maximum of 2500 breeding females in the UK and probably a maximum of 1200 

milking animals and maybe less (Borghese, 2010). 

As for milk yields, the average is 1500 kg per year. This was due to poor quality buffalo imported 

from Romania and also some mis-information through ignorance of the nutrition of buffalo. 

An imported way of bulls too have been from the North of Romania. The best animals are without 

doubt those that show signs of Bulgarian Murrah ancestry, and indeed the sires of over half of 

foundation animals were Bulgarian (from AI). 

Lactation length is about 300 days in the best (with perseverance) but considerably less in some, 

particularly in the first lactation. Calving interval is usually a bit over 365 days (Wood, 2009). 

 



 

 

7. GREECE 

 

In Greece, due to the rapidly changing socio-economic conditions, including the mechanisation of 

the agricultural sector and the substitution of buffalo milk by milk produced by imported dairy 

cattle, the number of buffaloes has declined dramatically over the last decades. As a result, from the 

75 000 animals counted at the end of the 50s, today only few head remain. There are 2503 buffaloes 

in Greece (Ligda, 2009). Currently the population has increased, reaching 3137 animals by the end 

of 2010 (SAVE, 2011) with 28 herds distributed in 21 localities in western, central and northern 

Greece; most animals are found in the area of Lake Kerkini National Park where they are 

considered an integral part of the protected area. All herds are monitored by the Centre for 

Livestock Genetic Improvement (CLGI) in the framework for the conservation of genetic resources 

in the livestock breeding sector run by the Ministry of Rural Development and Food. Herd books 

and records are kept by CLGI in collaboration with the Association of Buffalo Breeders of Greece 

(Kazoglou et al., 2011). 

 Lactation length varies from 210 to 280 days with an average lactation milk of 700-1000 kg while 

the age at first calving is 36-48 months (Borghese, 2010). 

The age at slaughter for young stock is 15-17 months and the weight at slaughter is 350-400 kg. 

The cows are milked twice a day at the farm by hand.    

Buffaloes are not used for draught, but only for milk and meat production. The dairy products 

obtained from buffaloes are yogurt, white cheese in brain, butter, kaimaki and cream. 

Each farmer has his own bulls available for natural service in fields and used in proportion 1 to 8-15 

cows. Artificial insemination is not applied. Efforts for buffalo production are made by researchers 

of Greek Focal Point for the Preservation and Conservation of the Animal Genetic Resources, at the 

Aristotle University of Thessaloniki, with the support of the Ministry of Agriculture to rehabilitate 

buffalo production and to let buffalo farming, at present under protection, to become an economic 

viable activity. Really the buffalo market is much reduced. 

 

 

 

 

 

 

 

 

 



 

 

7. SERBIA 

 

 

There are 1200 buffaloes in Serbia (SAVE, 2011) of Mediterranean breed, Balkan type (figure 31, 

32). They are kept in extensive low input production system (figure 31, 32). The number of 

buffaloes and trend of population is stable, in the last ten years. Activity on conservation is 

supported by the Ministry of Agriculture, through the subsidies and program for crossbreeding in 

pure breed (Stojanovic, 2011). 

Buffaloes could have an important role for high quality food (production of health and safety food, 

organic production, particularly appreciated are local fresh cheeses, figure 33) , ecological 

production and integral development of rural areas, anticipating combination of agriculture and 

rural tourism (Stojanovic, 2011). 

 

 

                                 

 

Figure 31.  Mediterranean Serbian cow. (Srdjan Stojanovic photo, 2011) 

 

 

 

 



 

 

 

 

Figure 32.  Mediterranean Serbian cow (Srdjan Stojanovic photo, 2011). 

 

 

Figure 33.  Fresh cheese. (Srdjan Stojanovic photo, 2011) . 



 

 

 

8. ALBANIA 

 

Albanian buffalo is an authochtonous breed, classified in the group of Mediterranean breed. 

The mantel is black or dark grey and rarely with white spots. Horns arched back and side inward 

bent. Buffalo population is 321 Albania head (SAVE, 2011).  They has been used mainly as draught 

power; however Albanian farmers and consumers have been interested for their milk and meat 

products: milk yield is around 450-600 kg in the first lactation going up to 850- 980 kg in the third 

one; its fat and protein content are respectively 3-10.2% and 5.3-6.8% (Papa and Kume, 2011). 

Fertility rate is round 80-85% and days open 120-150 days. 

During 2010 more than 21 farmers, in four regions of Albania, have received subsidies for 

buffaloes: as result the size of buffalo population is increasing; the breeding nucleus in four farms 

have been established. Until now 13 male lines are selected. Nevertheless there is the need to 

control inbreeding level and provide breeders for an exchange of the breeding stock (Papa and 

Kume). 

 

9. UKRAINE 

 

There are 115 buffaloes in Ukraine (SAVE, 2011). The percent of crossbreds with Murrah is very 

high. The  Mediterranean Carpathian breed is present too. Some animals were imported by Armenia 

on 1984. The Ukrainian buffalo population has the real risk of extinction. 

In 2004 private initiatives collected rare and unique animals for tourist attraction: one part stays 

spread over Western Ukraine and the other is located in Kiev region (Jacobi, 2011). 

The “Saving of Agro-biodiversity of Carpathian mountains” is working to stop decline of buffalo 

population, to create nucleus herd farms, to support contact among the owners, to regulate problem 

of inbreeding, to search private people who are ready to create small buffalo farms and village 

communities working in cooperation production (Jacobi, 2011). 

As buffalo cannot survive as zoo animal only for tourist attraction, but need to become milk and 

meat producer.  

 

 

10. HUNGARY 

 

A small but tenacious population is living in Hungary for many years (Cockrill, 1974). They were 

introduced by the Turks in 16
th

 century and the population is named Carpathian or Mediterranean 



 

 

Hungarian Breed (figure 34,35). There has occurred a decline of population due to loss in economic 

value of working buffaloes (Karpati, 1997). According SAVE (2011) there are 200  buffalo head in 

Hungary. According direct information by the Ministry of Agriculture and Rural Development, 

there are 2000 buffaloes, most of them living  in National Parks, as gene reserves. 

Now, according a new project, some new modern farm are going to be created, introducing 

Mediterranean Italian head of high genetic value from Italy, with the purpose to originate a market 

of milk and meat quality products.  

 

 

 

Figure 34. Mediterranean Hungarian buffalo.  



 

 

 

 

Figure 35. Mediterranean Hungarian buffalo.  

 

 

 

11. EGYPT 

 

 

Buffalo Stock in Egypt increased from 2898 thousand heads in 1990 to about 3920 thousand head in 

2005 at an annual growth rate of 2.2%. Producible units of such population are the milking head. 

Their numbers increased from 1330 thousand head in 1990 to about 1640 thousand heads in 2005 at 

an annual growth rate of 2.2% (Soliman, 2008). Such buffaloes population shared by about 54.5% 

of milk production which was about 2292 thousand tons in 1990. This share increased to 56% of 

4103 thousand tons in 2005. The annual increase rate in buffalo milk production was about 3.8%, 

which was the highest rate among other types of livestock producing milk in Egypt. The major 

share of buffalo milk in total milk production of Egypt is actually much higher than apparent one. 



 

 

This is because of two reasons. First, most, if not all, milk production of sheep and goats are 

devoted to rearing suckling lambs and kids, ( Soliman, 2008) Secondly, readjustment of buffalo 

yield as milk equivalent of on 4% fat, to be comparable to cow milk, would raise buffalo milk 

volume by almost 70%, by using "Jane's Equation", ( Soliman and  Mashhour, 2002).With respect 

to meat, buffalo share in total production has stayed around 39% along the last two decades, even 

though its production volume increased from 161 thousand tons in 1990 to more than 270 thousand 

tons in 2005, at an annual growth rate of 3.2%. Cattle meat production has the highest share in the 

recent years. 

Egyptian agriculture is almost fully surface irrigated by limited quota of river Nile water and little 

sub-ground water. The rained agricultural land is rare. There are high competition among human 

food and industrial crops with fodders and feeds on such limited land and water resources. 

Therefore, feeds and fodders domestically produced are relatively expensive in comparison with 

extensive rained agricultural systems in many other countries. Accordingly, Egypt should 

concentrate on only one or two types of animals that would have the most economic performance 

with respect to milk and meat production within the Nile valley agricultural acreage. The two 

candidate animals are Buffaloes and Cattle (Soliman, 2008). 

Among the major targets towards raising milk productivity from the Egyptian buffaloes herd are the 

annual milk yield per milking head and the herd structure, particularly the proportion of milking 

herd in the stock. Although milk yield per milking buffalo has raised from 940 kilograms in 1990 to 

about 1402 in 2006, and at a higher annual growth rate of 2.5%, than the world average (2%), it was 

less than the comparable milk yield level of countries where buffalo is a dairy purpose animal. 

The total number of buffaloes in Egypt is about 5,231,000 (FAO, 2010), of which 42 % were dairy 

cows, 6 % buffalo bulls, 32 % heifers less than two years old and 20 % male calves less than two 

years old. The aggregate share of buffalo milk, from all types of production systems is about 81 % 

of total milk production in Egypt (Soliman, 2009). 

There are different research Institutes at the Ministry of Agriculture and at the University in Giza 

(Cairo) involved in developing project concerning buffaloes and buffalo products. The breed is the 

River Egyptian (figure26,27). The buffaloes are spread along the river Nile, in the Delta Region and 

at the Fayum Oasis . 

The age at the first calving is 34-41 months. 

According to Soliman (2009) data, there are in Egypt two different farming systems, Traditional 

and progressive, with different production standards, according to the following table 2. 

 

 

 



 

 

Table 2. Different production standards in Egypt (Soliman, 2009) 

 

Milk yield for lactation Traditional mixed Small Farm 

System 

Progressive Farm System 

Total milk/head/season 1 1650 1850 

Total milk/head/season 2 1790 2000 

Total milk/head/season 3 1950 2400 

Total milk/head/season 4 1870 2350 

Total milk/head/season 5 1800 2200 

Grand Average Milk Yield per 

Milking Head 

1850 2250 

Average lactation length  

(Days 
180 250 

 

The commercial buffalo system significantly expanded in the last 20 years, in association with the 

economic reform era and market liberalization (Soliman and Sadek, 2004). The following cheeses 

are produced with the addition of cow milk: Domiati, Karish, Mish, Rahss. These cheeses and 

yogurt, creams, butter and ghee are common in local market (Borghese, 2005). 

 



 

 

 

 

 

 

Figure 36,37. Egyptian buffalo calves and caw reared in the Delta Region (Borghese photo 2000). 
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1. INDIA 

 

Buffalo livestock in India plays a crucial role to supply the requirement of animal protein for 

millions of people: buffalo supplies milk, meat, leather, bones, pharmaceuticals, dung and manure 

besides draft energy power. Buffalo population is almost 66% of the cattle population in India: 97 

million compare to 146 respectively, but the milk produced by buffalo is 58 million tons, as only 47 

million tons by cattle. These figures show the great superiority of buffalo in production ability 

(Madan, 2010) as buffaloes contribute 55% of total milk produced in the country, though their 

number is only 40% of the total bovine bubaline population. India buffalo population with 97 

million animals represents 53.3 percent of the world buffalo population. India is the first country in 

the world for number of buffaloes and milk production (about 105 million tons, buffalo plus bovine, 

that is about the 15% of the world’s milk production). 

India is also the first country in Asia for scientific and technological development in buffalo 

nutrition, production, reproduction, biotechnologies and genetic improvement. Moreover 

India has implemented national programs such as the “green revolution” (to increase crop 

production for animals), the “white revolution” (to increase milk productivity and satisfy 

human needs for proteins) and finally the “red revolution” (to increase meat production and 

strengthen the meat industry), particularly with regard to buffalo.  

India posse the best River milk breeds of Asia as Nili-Ravi, Surti, Jaffarabadi and particularly 

Murrah that is the most diffuse breed in the world, from South America to Asia, all are 

originated from the north-western states and have high potential for milk and fat production, 

besides being used for work and surplus stock used for meat production(Sethi, 2003).Other 

typical breeds of India are reported  and described in chapter 2. Indigenous animals have high 

biodiversity and are considered to have higher disease resistance, better tolerance to high hot 
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and humid conditions. These animals are also more efficient in feed conversion efficiency of 

crop residues and naturally available low quality roughages. 

Buffaloes are spread over almost all parts of India with varying density of population in 

different states, where most of the milk breed are found comprising Haryana, Punjab, Utar 

Pradesh, Rajasthan, Gujarat, Maharashtra (Sethi, 2009). However percent growth in buffalo 

population was recorded highest in Haryana, followed by Gujarat and Rajasthan, where the 

increased demand of buffalo milk provoked the highest growth rate (about 2%). 

Incentives are paid by States Governments to improve high quality animals as Murrah, 

according the lactation yield results. 

As a result of intensive culling and selection, the lactation yield improved from 1443 kg to 

2080 kg within two decades. Selection of males on the basis of dam’s yield should have 

generated genetic gain of about 100 kg per generation (Sethi, 2009).  

The lactation milk yield in 305 days of lactation is reported by Sethi (2009), as observed in 

various centers coordinated by the Buffalo Research Institute in Hisar, in last 5 years: Murrah 

2075+54 kg, Nili-Ravi 1929+68 kg, Surti 1566+ 46 kg, Bhadawari 1434 kg, Pandharpuri 1841 

kg, Swamp 412 kg.  

Buffalo meat production is comparatively new area of buffalo production,  as social taboos are 

not attached to the buffalo slaughter unlike bovine and swine. India  produces 1.5 million tons 

of buffalo meat (FAO,2008) which is the 36% of the total meat produced in the country, India 

mainly being a dairy country, a tremendous export potential lies with buffalo meat. Annual 

per capita consumption of both beef and broiler meat is 1.5 kg, compared with 745 grams for 

lamb meat: The current retail price of beef averages USD 1.4 per kg, compared with 1.8 for 

poultry meat and 2.9 for lamb (Kumar and Singh, 2010). 

Dressing percentage in such animals is low and varies between 40 to 45 % with average 

carcass weight as low as 138 kg (Sethi, 2009). However, dressing percentage can be 

substantially increased by proper feeding (55-60%), as growth rate can achieve 1000 g/day, as 

reported under feed lot systems (Ranjhan, 2007).  In experimental trials, daily body weight 

gain up to 541 g has been achieved under conventional concentrate feeding system. Weight 

gain during summer months is higher than in hot and humid months (Bharadway and Sethi, 

1994). 

Buffalo males of Murrah breed have efficient work capacity especially for load pulling and 

ploughing in rice cultivation. Though buffalo bulls are slower in movement than cattle  but 

they can pull heavier load and cover about 3.2 km per hour as compared to 4.8 -6.4 by draft 

bullocks (Taneja, 1999). Buffaloes can generally work for 6-8 hours continuously and 3-4 



hours at heavy work; they can work in deep muddy soil better than other  animals. Field 

studies on rural Murrah buffaloes used exclusively for transport, showed that they are capable 

of pulling loads 6 times greater than their body weight in pneumatic tyre bullock carts (Sethi, 

2009). The buffaloes can work for moderate work for 1-2 hours continuously without 

affecting their milk yield (Bhoite and Deokar, 2004). 

Recent statistics concerning buffalo demography show that the buffalo population in some countries 

like India, Pakistan, China, Vietnam is increasing at a rate of 1.5 percent/per year. Buffaloes are 

well adapted to a hot and hot humid climate and play a distinct role in the economy of farmers, 

which is primarily based on agricultural production systems (figure 1). They provide high quality 

milk and meat and are a source of draught power for smallholders in countries of this region. In fact 

these animals are considered a financial asset since they serve as an insurance against the risk of 

crop failure due to natural calamities (Dhanda, 2004). 

Many important projects of buffalo development are carried out by the Buffalo Research Institute in 

Hisar (figure 2,3,4), directed by Dr. Sethi, while  studies on milk processing are carried out by the 

National Dairy Research Institute, Karnal.  

The most quantity of milk is used for direct consumption after skimming, fat is used to produce 

butter, ghee and the cream. Dry milk, condensed milk, milk replacers are very used in national 

market and for export, as different industrial utilizations (figure 5). 

The National Dairy Research Institute formulated different foods, as whey-based lassi and 

flavoured drink, weaning foods based on whey/skin milk, soy butter milk softy, malted milk food, 

whey based soups and low fat spreads. New functional dairy products such as probiotic cheese and 

dahi, sport drinks, low cholesterol ghee, ice cream, burfi for diabetics, health food for cardio 

vascular people have also been developed (NDRI, 2009). Industry equipment and bio-preservative 

formulation for enhancing the shelf life of paneer have also been developed. Paneer is a cottage 

cheese, used in several vegetarian curry dishes in India and in other countries. 

Therefore India is a great potential producer of animal protein and food availability for human 

needs, involving many East Asian countries importing milk and meat, according to the Buffalo 

improvement program in India as reported by Sethi (2010). 

 



 

 

Figure 1. Free buffaloes along the river. (D’Ausilio photo 2010). 

 

 

 

 

Figure  2. Murrah cows. Buffalo Research Institute, Hisar (Borghese photo, 2010). 



 

 

 

 

Figure  3. Murrah bull. Buffalo Research Institute, Hisar (Borghese photo, 2010). 

 

 



 

 

Figure  4. Murrah cow. Buffalo Research Institute, Hisar (Borghese photo, 2010). 

 

 

 

 

Figure 5. Milk processed food (National Dairy Research Institute, 2010). 

 

 

 



2. CHINA 

 

According to statistical data (FAO, 2008), the total number of buffalo in China is 23.27 million, the 

third largest population in the world, representing the 28.17% of the total bovine population in 

China. Chinese buffalo is Swamp type, as a total of 18 local breeds,  same of them are reported in 

figures: Fuling breed (figure 6,7) is represented by 415 000 head living in the mountains in Sichuan, 

Fuzhong breed (figure 8, 57 000 head) living in Guanxi province, Enshi breed (figure 9,10, 77 000 

head) living in Hubei, Dongliu breed (figure 11, 27 000 head), living in the Anhui province, Binhu 

breed  (figure 12, 461 000 head), living in the Hunan province, Shanghai breed (figure 13, 36 000 

head) living around the city of Shangai. Swamp breeds are mainly used for draught since their milk 

production is very low (500-700 kg milk yield for lactation) as they are very resistant working in 

the marshlands, particularly in rice fields (figure 14). China imported Murrah buffalo from India in 

the late 1950s and Nili-Ravi from Pakistan in the late 1970s.:  milk performance has been markedly 

improved in crossbreds through the crossbreeding system applied in upgrading the two breeds such 

as crossbred Murrah F1, F2 and crossbred Nili-Ravi F1, F2 with average milk yield per lactation 

respectively: 1240, 1423, 2041, 2325 (Yang Bingzhuang et al.,2003). Murrah buffaloes are also 

used to provide milk and milk processed food  to poor people in the villages (figure 15). 

Recently crossbreeding was applied using Mediterranean Italian semen with better results. 

According to Cao et al.(2006), there are 30,000 milking buffalo in China, 61.5% of them are 

crossbreds, while 38.5% are local buffaloes. The buffalo milk production was 0.29 tons in 2008. 

There are few special buffalo milk processing factories distributed particularly in Guangxi 

Province, of small scale and poorly equipped. The products are pasteurized milk, yogurt, condensed 

milk, fancy milk drink, milk cake, milk bean curd, crème. Guangxi Buffalo Research Institute has 

successfully developed buffalo milk cheeses in 2009 and created  food market (Yang Bingzhuang et 

al.,2010). The production of buffalo meat is 0.306 million tons (FAO,2008). Most of the meat is 

directly sold to consumers, only few meat is processed such as dried beef, sausages, hams (Yang 

Bingzhuang et al., 2010). The production of buffalo hide is 92,000 tons (FAO, 2008), the hides 

were made into various products, which are sold well on the market. 

The research in all the fields for the buffalo development is supported by the Buffalo Research 

Institute in Nanning, Guanxi province, directed by Professor Yang Bingzhuang, who organized the 

5
th

 Asian Buffalo Congress on 2006. 

In conclusion the food availability from buffalo livestock in China is rapidly increasing by the 

widespread application of crossbreeding of River breeds with high genetic value (Mediterranean 

Italian, Nili-Ravi, Murrah) on local Swamp breeds. 



 

 

 

Figure 6.  Fuling breed: the bull.  

 

 

 

Figure 7. Fuling breed:  the cow. 



 

 

Figure 8. Fuzhong breed. 

 

 

 

Figure 9. Enshi breed: the bull.



 

 

Figure 10. Enshi breed: the cow. 

 

 

 

Figure 11. Dongliu cow with calf. 



 

 

 

Figure 12. Binhu breed 

 

 

Figure 13. Shanghai breed.  



 

 

 

Figure 14.  Swamp buffalo working in the marshlands. 

 

 

 

Figure 15. Murrah buffalo in the fields close to poor villages. 

 

 

 

 



3. PAKISTAN 

 

According FAO (2009) data, buffalo population in Pakistan is about 30 million head, the second in 

the world, after India. The major proportion of buffalo (65%) is inhabited in Punjab, followed by 

(27%) in Sindh, (7%) in NWFP, (1%) in Balochistan.  Buffalo breeds are River types Kundi (figure 

16) and Nili-Ravi (figure 17) and among the best milk producers of the world. The population 

increase was very fast, comparing with  22 million head reported by Borghese (2005) and 

comparing too with many Asian countries where the population has decreasing pictures because of 

low milk production due to Swamp breeds predominance. 

Total milk production is 43.6 million tons of which 62% derives from buffalo (Anonimous, 2009) 

with 27 million tons, therefore buffalo role in milk production system and in food availability in 

Pakistan is very important. The demand for milk and milk products are constantly rising, mainly 

because of increasing urbanization. 

There are the following several buffalo production systems in Pakistan (Pasha, 2010).  

1. Rural subsistence buffalo farming (25% of total). 5 million households are keeping about 3 

buffaloes. Smallholders production in rural families is the most important in Pakistan, for local 

human feeding. They have relatively easy access to fodder but they are situated away from urban 

market. Grazing provides 50-60% of feed resources at no cost other than work for guarding the 

animals, that often is operated by boys or by women (figure 18). Wheat straw and green forages are 

also used. The average milk production is about 1130 liters per lactation. Age at maturity and 

calving interval was reported 34.2 months and 18.4 months respectively (Younas et al., 2009).  

2. Rural market oriented buffalo farms (46% of total). The typical family unit with 5 buffaloes, 3 

adult females, 2 offspring females and sometimes a male calf. They are fed wheat straw, green 

forages, concentrates. Milk production is average 3050 liters per lactation. Males are sold for 

slaughter. Average age at maturity is 35.6 months and calving interval is 17.2 months (Younas et 

al.,2009). 

3. Peri-urban buffalo production systems (21% of total). Peri-urban commercial milk production has 

developed rapidly in recent years in response to growing demand  and difficulties of collecting and 

transporting fluid milk  from rural production areas. Peri-urban producers can be large or small 

units, ranging from 20 to 200 head, almost all adult females, of which 95% are in production. Male 

calves are slaughtered after 8 days. Milk production is about 2880 liters for lactation. The cows are 

milked by hands in typical open rooms (figure 19) and they often can utilize swimming pool or 

rivers for bath (figure 20). Feeding-stuffs used are wheat straw, chopped green roughages, 

concentrates, cotton seed cake, rice by-products and given in open air along feeding ways (figure 



21). A.I. is used in considerable proportion (26.7%) Age at maturity and calving interval are 33.7 

and 16.9 months respectively (Younas et al., 2009). 

4. Commercial buffalo farming (8% of total buffaloes). The development of commercial dairy farm 

is  a recent trend. The unit consists of about 40 buffaloes, where about 20 are producing milk. They 

are equipped with sheds, water pumps, molasses pits, mechanical forage chopper, ceiling fans. The 

average milk production is 2880 liters per lactation. Unproductive or low productive animals are 

sold as male for slaughter. Milk is mostly sold to dairy processing plant on fat percentage basis. A.I. 

is used until 15.4 %. Age at maturity is 27.6 and calving interval is 15.2 months, the lowest among 

different buffalo production systems (Younas et al., 2009). 

The milk is used priority for direct consumption after skimmed. The fat is a richness as it is used  to 

produce butter, ghee for cooking, cream, sweet (figure 22). 

The skin is used in leather industry (figure 23) and the manure is the primary source of fuel in the 

villages (figure 24)  and it is used too as bio-fertilizer. 

The annual beef production in Pakistan in the year 2008-09 was 1.6 million tons ( Pasha, 2010), in 

which buffalo contribution was 51%.Current buffalo meat production systems are traditional and 

inefficient. Most of the meat comes from cull cows and it is of bad quality. A lot of calves are 

slaughtered at 1-2 weeks of age. Some are raised to 60-80 kg on extremely poor and unbalanced 

diets, only few are raised up to 200 kg live weight with very low daily gain. In feedlots trials on 

medium energy based diets, the calves gained over 950 grams per day and yielded 52% carcass 

weight (Pasha et al., 1996). 

The buffalo research and development is well organized: there is the Buffalo Research Institute in 

Pattoki, Punjab (figure 16,19), where research areas are developed on delayed puberty, reproduction 

pathologies, reproductive technologies, productive parameters. Several researches are supported by 

UVAS (University of Veterinary and Animal Sciences) in Lahore, by the Livestock Production 

Research Institute in Bahadurnagar, Okara and finally by the Semen Production Unit in Qadirabad, 

Sahiwal, that has the role of progeny testing, semen collection and artificial insemination spread out 

(figure 25). 

 

 



 

 

 

 

Figure 16.   Kundi breed. Pattoki, Punjab (Borghese photo, 2009). 

 

 

 

 

Figure 17. Nili Ravi buffalo cow, Punjab  (Borghese photo 2009). 
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Figure 18. Family buffalos in Punjab (Borghese photo 2010) 

 

 

 

Figure 19.  Nili-Ravi Buffalo Cows in Buffalo Research Institute, Pattoki (Borghese photo 2010) 

 



 

 

Figure 20. Buffaloes coming out from swimming pool. 

 

 

  

 

Figure 21.   Feeding Nili-Ravi Cows in Bobo Amjad Farm, Punjab (Borghese photo 2010) 



 

 

Figure 22.  Food products from milk (UVAS, Lahore, 2009) 

 

 

 

 

 

 

Figure 23.  Leather products from skin (UVAS, Lahore, 2009) 

 

 



 

 

 

 

Figure 24. Fuel from manure in the villages (UVAS, Lahore, 2009) 

 

 

 

Figure 25. Nili-Ravi Bull, Semen Production Unit, Qadirabad District, Sahiwal (Borghese photo 

2010) 



4. BANGLADESH 

 

According recent data (Huque et al., 2010), the estimated buffalo population in Bangladesh is 1.26 

million head, 0.98 adult and 0.28 million young stock, as Faruque in 2003 reported a population of 

only 772,764 buffaloes: if data are correct, buffalo population had a fast growth in the last 7 years. 

During the last 25 years annual growth rate of buffalo was more than cattle. This trend may be due 

to the fact that the buffalo is more capable in digesting low quality roughage to produce more 

protein, gain and body weight, and it is more resistant to disease and can thrive well against tidal 

wave compared to cattle. A pair of buffaloes has more draught capacity than a pair of cattle.  

No clear information is available about the origin of Bangladeshi buffalo. River and Swamp types 

and their crossbreds are found. Bangladeshi buffaloes can be grouped into five populations on the 

basis of their history of domestication, distribution and morphology (Faruque, 2000).  

 

1.Native buffaloes in the eastern part are considered to be the most primitive one of the country. 

They are Swamp type (figure 26) with 48 chromosomes and  represent about the 15% of the total 

buffalo population. Their color is usually gray. They have crescent horns. Some buffaloes have 

white flecks on each side of the face. Few albinoid buffaloes are found. Height at withers ranges 

from 121 to 126 cm for adult buffaloes. Their milk yield is very low producing only 272-300 kg 

milk in a lactation period of 240-270 days. They are usually used for draught purpose. Management 

system is mostly extensive (Faruque, 2007).  

 

2. Native buffaloes in the western part are river type with 50 chromosomes and constitute about 

45% of total population (Bangladeshi breed). They are used mainly for cultivation of land, 

transportation and crushing of sugar cane. Their coat color is usually black and horns are curly. Few 

individuals have spot in the tail switch. Some animals have brown color or hanging horns. Average 

milk yield is about 620 kg in a lactation period of 270 days. Their management system is semi 

intensive; a new semi-intensive farm (figure 27)  was founded by LAL TEER Livestock Limited in 

Jamuna to apply artificial insemination with Mediterranean Italian semen to increase milk 

production.  Height at wither ranges from 133 to 148 cm. The male buffaloes are used for draught 

and females for dairy purpose (Faruque, 2007). 

 

 3. Native buffaloes in the central part are Bangladeshi Surti with 50 chromosomes (Faruque, 2003). 

They are only 5 000 head. Their color is black and horns are curly, very similar to those of western 

part, even if some albinoid buffaloes are found. They are kept absolutely for dairy purpose and 



managed in semi intensive system. In dry period they are kept in extensive system in bathan (a local 

animal production system where animals are allowed to live on natural pasture) for confirming 

pregnancy. Average milk yield is about 900 kg in a lactation period of 274 days.  

 

4.Native buffaloes in the southern part are mainly indigenous (48 chromosomes), crossbred type (49 

chromosomes) with Nili-Ravi (50 chromosomes) imported from Pakistan in 1960 and crossbreds 

were subsequently produced in the Buffalo Breeding farm of Khulna (Faruque, 2003, 2007). They 

represent the 38% of total population and are observed in the coastal area. They are larger in size 

and their milk yield is 2-3 times higher than native ones and adaptability is quite satisfactory. They 

exhibit phenotypes common to both native and Nili-Ravi breed, they are managed extensively and 

used for dairy purpose (Faruque, 2007).  

 

5. About 200 Nili-Ravi bulls plus some females, imported from Pakistan, have been distributed in 

the coastal area  for crossbreeding purpose (Faruque, 2007).  

 

The occurrence of crossbred dairy buffaloes indicates that the genetic improvement program has 

been operative and is still running to increase the milk production in the country (Faruque,2000; 

Borghese, 2005), as Swamp buffalo provide hides, hooves, bones,  draft power and farm power 

transport, threshing, oil seed crashing, dung for fuel and manure, but poor milk yield.  

Buffaloes are reared thought out the country under two distinct production subsystems: household 

subsistence and semi-intensive herded flock (Huque et al., 2010). The household subsistence  

buffaloes are reared under stall feeding  with short period grazing  with partial input supply as semi-

intensive herded flock (21.62%)  are reared completely under grazing systems in saline coastal belt 

(Huque et al., 2010). Buffaloes are raised too under an extensive system in the coastal and hilly 

areas where large scale pasture land and enough green forage are available (figure 28). Sugarcane 

leaves, cassava leaves, roadside grass, elephant grass, maize with corn cob and pineapple bran are 

also used as feeding stuffs (Faruque, 2003).  

Total consumption of milk is about 1.7 million tons of which 27% came from powder milk import, 

therefore developing programs by Agricultural Ministry and by LAL TEER SEED LIMITED 

Company are going to increase the milk availability by improving the genetic potential in local 

buffalo population, applying crossbreeding projects utilizing high genetic value semen of 

Mediterranean Italian breed, according artificial insemination programs started on 2011.  

The milk price, often mixed by buffalo and cattle, is about 50 Taka (0.7USD), only 30 in rural sites. 

 



 

 

 

 

Figure 26. Swamp buffalo in the eastern part. (Faruque photo, 2007). 

 

 

 

 

Figure 27. Bangladeshi  buffalo in LAL  TEER Livestock Breeding Farm, Jamuna, Bangladesh. 

(Borghese photo, 2012). 



  

 

 

Figure 28. Bangladeshi buffaloes in Madarganj Upozilla Jamalpur District, Bangladesh  (Borghese 

photo, 2012). 

 

5. INDONESIA 

 

Indonesia has a buffalo population of about 2 million head in 2010. There was a declining trend as 

in 1985 the total population of buffalo was 3,285 thousand (Borghese, 2005). There are varieties of 

Swamp breeds in the different isles of Indonesia with divergence in size, weight, color, marking and 

horn dimensions. Most of rural buffaloes maintained by families in the villages produce less than 

1000 kg of milk per lactation; sometimes the milk is suckled by calves and the buffalo cows are not 

milked absolutely. The Swamp buffalo is generally considered to be a working animal, but it also 

has a considerable capacity for milk production. Swamp buffalo are used for draught power in most 

areas and for beef in the Java lowland areas and the Sumatra uplands. 

Spotted buffaloes are highly prized (and therefore they command high prices) to be sacrificed and 

consumed on special occasions such as marriage ceremonies (figure 29). 

 



 

 

 

Figure. 29. Indonesian Spotted Buffalo. 

 

In the Province of South Sumatra (Palembang is the Capital City), there is the OKI District, the 

Papangan Subdistrict, a livestock coastal area, very hot and wet marshlands, with the highest 

dampness as long as the humid season, where only buffaloes can survive, an original buffalo type 

called ‘Kerbau Papangan’ (Papangan Buffalo, figure 30, Borghese and Sodikin, 2008). 

 

 

 

 

Figure 30. Papangan Buffalo (Borghese photo 2008). 



It is Swamp buffalo, living and swimming in the marshes (fig. 31 and 32), eating nature swamp 

grass: Kumpai Copper (Ischaenum Aristum Lina); Kumpai Oil (Himendchue Ampleacaulisness); 

Kumpai Paddy (Himenacjua Interupta Buese); Bento Creep (Caersia Hexandra SP); Parum 

(Heliochis Fistulosa SP). The buffaloes come on the islands where dairy buffaloes are hand milked, 

as we looked in Layang Village in Layang Island. 

The milk production is about 800-1200 kg for lactation with a lactation lenght of 200-300 days 

(Borghese and Sodikin, 2008). 

 

  

 

Figure 31, 32.Papangan Buffalo in the marshes (Borghese photo 2008). 

 

Generally milk production not yet been marketed widely but is only processed traditionally in the 

form of sagon puan, buffalo oil, sugar puan curdle and penjem. 

1. Sagon Puan. 

It is a product obtained mixing 4 litres of fresh milk, 16 egg yolk item (duck, rate chicken, chicken 

buras) and added by 1 sugar Singk, the mixture swirled flatten is later; then heated until 4-5 hours is 

at the same time swirled tilt run dry to form the smooth item, if its items have flattened hence the 

process of sagon puan have, the endurance sagon is about 6 month (figure 33). 

2. Sugar Puan 

Five milk litro mixed with by 1 sugar singk swirled flatten, is later; then filtered and is afterwards 

cooked / beat until the dough jell with the colour turn into yellowish. 

3. Buffalo Oil 

Fresh Milk precipitated by during 5-6 hours, its tabletop in taking and in precipitated during 2-3 

day. Water then its tabletop is again cooked/beat until brass colour filtered and filtered for the 

dissociation of colour yellow with chocolate as its dregs 



4. Curdle 

One mixed with by fresh milk litre one matured water tablespoon is later then swirled flatten the 

homogen precipitated during 24 hours until the curd formed and for the making of next curd hence 

in the place of matured water can be used by a itself whey. 

5. Penjem 

Semi litre irrigate the mixed with by fresh milk of tape water (soft rice, cassava) as much 3-5 

tablespoon and pack into the mug is at the same time swirled to by flatten is later then precipitated 

by during 2-3 hours, penjem of ready for consumed (Borghese and Sodikin, 2008). 

 

          

 

Figure 33. Sagon Puan;   

 

 



 

 

Figure 34.  Buffalos in West Sumatra (Borghese photo 2008) 

 

In West Sumatra (Padang is the Capital City), the buffalo management situation is totally different: 

the buffalo live free on the pasture in a beautiful panorama rich of rice-fields, sugar-can and oil-

palms (figure 34); the calves suckle milk from the mothers that, after calve suckling, are hand 

milked (figure 35); afterwards the milk is put in bamboo-cane (figure 36), where it is naturally 

acidified and fermented for 2 days. It is a particular product, named dadiah (figure 37), rich of 

probiotics, similar as taste to kefir or to yogurt but it is really a fresh cheese cream, rich of fat and 

protein. It is possible to conserve dadiah for 8 days and to distribute and sell it in many lands of 

Sumatra at the price of 7.000 rupias/ piece (figure 38).When people like to eat dadiah, they cut the 

bamboo-can (figure 39) and take it with a spoon to eat directly or with cereals, wheat, dried gluten 

rice or rice (figure 40, Borghese and Sodikin, 2008). 

 



    

Figure 35. Buffalo hand-milking;    Figure 36. Milk putting in bamboo-cane 

 

  

Figure 37, 38. Dadiah 

 

   

Figure 39. Dadiah cutting;                               Figure 40. Dadiah with dried gluten rice 

 

The buffaloes produce normally 1.2 litres for day for 8 months of lactation and the calves are 

weaned at the end of lactation. Farmers need to reduce milk consumed by calves to increase lenght 

of lactation and to increase milk production and dadiah distribution in the towns. Could be useful to 

leave only two teats to calves just after one week after calving to have the other two teats at 

disposition of milking, to achieve 3.000.000 rupies for lactation. Could be interesting the study of 

natural fermentation of buffalo milk due to the bamboo-can enzymes. 



In the village of Sidodadi in North Sumatra (Medan is the Capital City), there are different farms of 

Murrah buffaloes (figure 41), imported by India many years ago, as people came from India too. 

The Murrah production is higher than in Swamp breeds, until 8 litres for day obtained in two hand 

milking for day. The calves stay with the mothers 6 months, that is the mean lenght of lactation. 

 

 

 

Figure 41. Murrah buffalo in North Sumatra. 

 

It is possible to increase the production utilizing concentrate feedingstuffs as coconut powder with 

50% protein, rice bran, palm oil. 

 

 

 Anyway buffalo could play a considerable role in rural communities, also regarded as a financial 

reserve, source of income, draft power, manure for fertilizer, providing beef and milk too, 

recreation and cultural attraction as  bull racing and fighting in the different isles of Indonesia:  

Sulawesi (figure  42), where there are also many spotted buffalo very appreciated  to be sacrificed 

in Tana Toraja for marriages (figure 43), in Borneo (figure 44) and in  Sumbawa (figure 45). 

Buffalo development in the future should be based on animal production improvement with 

population increase to achieve food of animal origin, actually very poor in the country. 

The primary objective is a new pilot program with stakeholders to increase the availability  of 

animal protein for improving human nutrition; these goals could be achieved by increasing the 



production of buffalo milk and meat thought the improvement of the genetic capacity, producing F1 

and backcross buffaloes from Swamp and Mediterranean Italian River buffalo (Borghese, 2005): 

Other programs are going to be carried out: the first on technology innovation for improvement in 

productivity and breeding, with the target to achieve the national beef consumption of 10.1 kg per 

capita per year, starting from the actual beef and buffalo meat consumption of only 7kg per capita 

per year; this goal will be achieved through applied technology innovations include feeding, 

management, reproduction and breeding (Tiesnamurti and Talib, 2011). The second one on applied 

buffalo breeding program with the goal to create a Buffalo Breeding Institute, able to produce 

superior buffalo bulls to increase meat and milk production in the country, moreover increasing the 

adaption ability from lowland to highland, from dry area to cool and hot-humid temperatures; 

finally reducing the inbreeding which is characterized by the emergence of albino buffalo /figure), 

horns come-down, low reproductive capacity and low meat production (Talib, 2011). 

 

 

 

 

 

Figure 42. Swamp buffalo, Tana Toraja, Sulawesi, (Boghese photo 2008). 

 

 



 

 

Figure 43. Spotted buffalo, Tana Toraja, Sulawesi, (Boghese photo 2008). 

 

 

 

Figure 44.  Swamp buffalo in Samarinda, East Kalimantan, Borneo (Borghese photo 2011). 



 

 

Figure 45.  Swamp Buffalo in Mataram, Sumbawa. 

 

 

6. NEPAL 

 

The total population of buffaloes is 4.5 million and the estimated proportion of milking buffalo is 

26%. (Neopane and Shrestha, 2009). During last 10 years the milk production increased by 3.3% 

annually, slightly at higher rate than population growth, indicating productivity improvement. 

Buffaloes are mainly kept for milk and meat but their other uses such as draught, manure, hides and 

skin are important for Nepal economy (Neopane and Shrestha, 2009).  

Lime and Parkote breeds are the 58% of the total population in the country, with an average 

lactation milk yield ranging from 1006 to 1048 liters respectively in a standard lactation of 305 days 

(Rasali and Joshi, 1996). Gaddi buffalo, the heaviest indigenous breed, reported a average lactation 

yield ranging from 1223 to 1470 liters in 420 days of lactation (Pokharel et al.,1998; Neopane et al., 

1999). Murrah and its crossbreds are found trough out the country and its crossbreeding program 

using Murrah bulls and semen has been doubled the milk production over last 20 years as meat 

production has increased by 25 to 35%. Rasali et al. (1998) reported that indigenous buffaloes 



produced between 800 and 950 liters per 305 days of lactation, while their half bred crosses with 

Murrah produced about 50% more milk under the same small-holder production system. 

In conclusion in Nepal there is a significant genetic improvement to increase milk availability 

through genetic selection on indigenous buffalo and through crossbreeding programs. 

Lime (figure 46)  appears to be a potential indigenous breed to be developed as a meat breed, and 

with Parkote buffaloes are the typical buffalo of the mid hill and river valleys of Nepal. 

Phenotypically, the Parkote buffalo (figure 47) are dark in coat color and medium built body size, 

with sword-shaped horns directed laterally or towards the back of the body. They have black coat 

color; black skin color; black muzzle; black eye brow; usually no leg markings. 

 However, due to traditional practice of crossbreeding this breed with Lime buffalo and also due to 

recent crossbreeding efforts with Indian Murrah, their population in pure form is declining (Rasali 

1998). Now, pure breed population is estimated at only 25 % of the indigenous population of 

buffaloes in the hills and mountains in Nepal. 

The performance traits of hill and crossbreed buffalo are the following (Rasali et al., 1998). 

Performance traits Hill Buffalo:  305-day lactation yield (liters) 874,Milk fat content (%) 7.0, 

Lactation length (days) 351.3, Age at first calving (months) 52.9, Calving to first service (days) , 

197.8, Calving interval (days) 495.9.  

Performance traits crossbreed buffalo: 305-day lactation yield (liters) 1222 Milk fat content (%) 7.0, 

Lactation length (days) 354.9, Age at first calving (months) 56.6, Calving to first service (days) , 

189.1, Calving interval (days) 446.4.  

 

Other bye-products from buffalo such as hides and bones, and also the use of buffalo as the reserve 

capital assets of the smallholder farm families has significant importance to the rural economy of 

the country. 

Buffaloes are seasonal breeders with most calving occurring between the months of July and 

September in the hilly and mountain regions when the pasture is lush, and abundant forage is 

available. Selective breeding among them is an important tool to enhance their genetic potential for 

milk productivity. In order to achieve a high lifetime milk production, regularity in conception and 

a short calving interval are the most important factors. Calving interval is highly dependable on 

season of breeding, farm and year and can therefore be shorter in some farms while longer in others. 

The female must be serviced soon after the calving in order to conceive. A breeding bull can be put 

into service from 3 years of age. One bull, if managed correctly, can serve 20 to 25 females. 

There is lack of research to improve breeding, reproduction and health. Lack of coordination 

between development programs and research & and development should be implemented. 



Parkote buffaloes are the typical buffalo of the mid hill and river valleys of Nepal. They are more 

adapted to hot and humid climates as compared to Yak. The milk yield is high and the fat 

percentage is high (7-8%) as compared to Yak. They are the traditional provider of milk, meat, 

manure and draft power. The gestation period is about 10 months. 

Buffaloes are seasonal breeders with most calving occurring between the months of July 

and September.  

 

 
 

Figure 46. Typical Lime buffalo (Rasali D. Photo, 1998). 

 

 
 

Figure 47.   Parkote buffalo. 



 

7. PHILIPPINES 

 

In the Philippines there are 3.34 million buffaloes (FAO, 2010), 99 percent belong to small 

farmers that have limited resources, low income and little access to other economic opportunities.  

The buffalo, known as Carabao, is swamp type (figure 48). Its history is basically of small -hold 

land-based agriculture, since for centuries, the Carabao has played a major role in draft animal-

dependent farming, mainly in the production of major agricultural crops, such as rice, corn, sugar 

cane and coconut. In recent years, however, developments in land-based agriculture, such as the 

expansion of irrigation facilities, have had a significant impact on the use of draft Carabaos 

(figure 49). Intensified rice production became pronounced in irrigated areas and this led to 

increased utilization of small farm machineries, thus displacing significantly the utilization of 

draft animals for land preparation. To some extent, the introduction of tractors for land tillage in 

corn and sugar cane production areas has similar effect (Cruz, 2006). 

The Carabao Development Programme is a massive programme started in 1993 to improve the 

native Swamp buffalo locally known as the Carabao to develop their meat, milk and draught 

potential. An elite herd of Riverine buffalo has now been established at the Philippine Carabao 

Center, Science City of Muňoz by importing about 3 000 Murrah buffaloes with pedigree 

performance records from Bulgaria. Each female crossbred when raised for milk can produce 

about 1 350 kg of milk per lactation (Cruz, 2003). The crossbreeding of Bulgarian Murrah 

(producing 1 800 kg per lactation) with a Swamp population (producing 400 kg per lactation, 

obtained F1 with 1 100 kg and F2 with 1 350 kg mean production respectively. 

In the Philippines (Cruz, 2010) the program has established a distinct gene pool for the 

Philippines Swamp Carabao, apart from the gene pool of riverine buffaloes. This measure ensures 

that the outstanding indigenous animals are selected to form part of a continuing improvement 

program within the local animal breed. Along this line, there is also a gene bank where frozen 

semen, embryos and cells of outstanding animals are kept for future breeding usage. Likewise, the 

government has supported the Tamaraw Conservation Program aimed at protecting the Tamaraw 

(Tamaraw mindorensis), a specie from being extinct (Cruz, 2010).  

Many projects are going in the Philippine Carabao Center, directed by Libertado C. Cruz, who 

organized the 7
th

 World Buffalo Congress in Manila on 2004. 

 



 

 

Figure 48. Carabao  buffalo near Munoz (Barile photo 2004).  

 

 

Figure 49. Draft Carabaos. 

 

 

 



8. VIETNAM 

 

In Vietnam there are 2.9 million buffaloes (FAO, 2010), particularly Swamp type.  

Swamp buffaloes in Vietnam are mainly raised by smallholder farmers with small herds (four to 

eight head) partly used for draught power and partly for meat. Traditional management dominates 

the buffalo production systems. Buffaloes play an important role in agriculture and in the life of 

Vietnamese farmers. They are the main source of draught power for land preparation and 

transportation in the rural areas, and supply a huge amount of fresh organic manure for cultivation. 

They are also well adapted to utilizing local feed resources, are economic to maintain, and a source 

of credit for the farmers. The main crop of Vietnam is rice, and sub-crops are maize, sweet potato, 

cassava, groundnut, soybean, sugarcane and vegetables. In the high land provinces, cassava is 

especially popular. Buffaloes are freely grazed on natural grassland, forests, at roadsides, canal 

banks, rice fields after harvesting, dikes, etc. In the 1970s dairy Murrah buffaloes were imported 

from China, Bulgaria and India to improve the productivity of local buffaloes. These Murrah 

buffaloes adapted very well to the local conditions and were raised in many parts of the country. 

The male Murrah buffaloes were used to cross with female Swamp buffaloes. The crossbred F1 

have improved body size, growth rate, draught power, milk yield and also reproductive 

performance, but at present the numbers of crossbred buffaloes are still small (Mai Van Sanh, 

2004). Murrah buffaloes and crossbreds (Murrah x Swamp) produce 5.55 – 3.50 kg milk per day 

respectively in comparison with 1.5-2.0 kg milk per day of pure Swamp (Nguyen van Thu, 2000). 

9. SRI LANKA 

 

The estimated number of buffalo owners in Sri Lanka is around 100 000 with 318,000 head 

(FAO, 2010). However, hardly any of them are full time buffalo farmers. About 87 percent are 

crop producers, who rear buffaloes as an additional source of income. About 64 percent use 

buffaloes for draught purpose, 34 percent for milk and draught, while only 2 percent keep 

buffaloes purely for milk. Buffaloes are spread throughout the country, with high concentrations 

in certain areas due to particular farming systems and market and socio-cultural reasons. Larger 

herds with an average of 40 to 50 animals are found in rice-growing areas of the dry 

intermediate zone. Smaller herds with an average of six to eight animals are found in mid and 

low zones (Bandara, 2000). 

The indigenous buffaloes which require many years to reach sexual maturity and are capable of 

producing only about one to two litres of milk over a very short lactation period of three to five 

months, have crossbred with the exotic riverine dairy buffaloes since 1950s. Particularly Murrah 



breed was used for crossbreeding and many herd are Murrah crossbreds (figure 50), while same 

animals have Sri Lanka typical characteristics (figure 51).  

In the case of Sri Lanka, buffalo milk with high fat and solid non-fat content fetches a higher price 

at the farm gate and offers the advantage of converting into value-added products, which helps to 

increase the profit margin several fold. The buffalo has been reported to be a ruminant with a higher 

potential to utilize marginal resources, a more rugged animal than its counterpart since it possesses 

the capability to perform well on marginal lands and withstand harsh environmental conditions. In 

the paddy field the buffalo offers a definite advantage since it possesses more stamina and broader 

hooves.  Lastly, data is emerging in Sri Lanka as well as in other countries favouring the buffalo as 

a better meat animal than cattle.  

 

 

 

Figure 50. Crossbreds of Murrah and local Sri Lanka (Borghese photo, 2000) 

 

 



 

 

Figure 51. Sri Lanka buffalo bull (Borghese photo, 2000) 

 

10. THAILAND 

 

In the past Thailand had the second largest number of Swamp buffalo in the world. However this 

buffalo population drastically declined from 4.7 million in 1990 to 1.9 million in 1998. 

The number of buffaloes has decreased yearly and the present number is about 1.7 million 

(FAO, 2010) and is tending to decrease gradually. As reproductive efficiency is low due to the 

longer production cycle, the period for reproduction of two calves could be as long as four years. 

The 1.7 million head of buffaloes belong to 517 941 households. If the situation forces the buffalo 

population to decrease any further, the national buffalo population would risk disappearing 

completely (Suthikrai, 2002). 

Approximately 83 percent of Thailand’s buffaloes live in the northeast where most agricultural 

production is under rain fed conditions. Thai buffaloes are genetically of the Swamp type. The 

majority (90-95 percent) are grey to black in colour, while the rest are white. Most buffaloes are 

raised by small farmers in the rural areas (figure 52). 

60 percent of the Thai population belongs to small-scale farmers who raise buffalo in the 

backyard. It was an integral part of the crop production system. The breeding units of buffalo 

per family possess on average five to ten head from which no economic profit is made. There 

are very few farms that possess up to 50 head of buffalo and manage the herd as a commercial 



undertaking where animals are fed good quality feed and are well supervised. Buffalo breeding 

under village conditions is generally done by random mating. In fact, during the plantation 

season the buffaloes are tied up and fed with rice straw for almost four months resulting in a 

lack of opportunity to be bred during the plantation period. The animals, males and females, are 

grazed together in the paddy fields after the harvesting season. Consequently, unplanned 

breeding occurs during the harvesting time when the villagers allow the buffaloes to graze 

together. It is obvious that in general, there is no recording system approach at the farmer level 

as on the government farms (Ancharlie Na-Chiangmai, 2000). 

A program on genetic improvement of Swamp buffaloes for use as a dual purpose animal (meat 

and draught) is in place. This program is aimed at solving two basic problems, the decrease in 

number and the reduction in mature body weight and size of buffaloes under small farm 

production. With regard to reproductive performance, the age at first calving has been reduced 

to 3.5 years, the calving interval to 487 days, the conception rate has been increased to 80.5 

percent, the calving rate to 76.9 percent and the calf crop to 70 percent (Pakapun Skunmun, 

2000). 

 

 

 

Figure 52. Swamp buffaloes on pasture (Rangsun Parnpai photo 2011). 

 

 

 

 

 



11. MALAYSIA 

 

The buffalo population in Malaysia is 130,000 head (FAO, 2010), classified into the River and 

Swamp types. The Swamp buffalo is used for ploughing, harrowing and working in the rice fields. 

At the end of its working life, the Swamp buffalo is slaughtered and in this way accounts for about 

16 percent of the current meat supply in Malaysia. The population of River buffaloes is less than 2 

000 head of Murrah buffaloes brought by Indian immigrants at the beginning of the 20
th

 Century. 

Over the past two decades, there has been an alarming decline in the buffalo population in Malaysia 

with an average rate of population decline of 1.2 percent per year. This decline had been attributed 

to the displacement of buffalo by machinery for draught power in the rice fields, a low reproduction 

rate and a high extraction rate. Most farmers in rice-growing areas discontinued the rearing of 

buffaloes due not only to labour shortages, but also to the limited availability of grazing land. Most 

buffaloes, particularly the Swamp type, produce two calves every three years. Under field 

conditions, due to biological limitations as well as the seasonality of the feed supply, it is not 

possible for a buffalo to calve and then conceive immediately during the next few months when 

feed is still abundant. Thus breeding is delayed until the following year. Nearly all male buffaloes 

are castrated for draught purposes restricting the opportunities for mating.  

Formula for the fattening of buffalo calves using local feedstuffs, such as oil palm and rice by-

products, have been devised in order to obtain a high average daily weight gain. Swamp 

buffaloes raised on feedlots using oil palm by-products as the major feed ingredient can reach a 

normal growth rate of about 0.59 kg per day and age at puberty was significantly lower in bulls 

on intensive grazing (21.5 months) than in bulls on free grazing (28 months) systems (Jainudeen 

and Wan Zahari, 2000). 

 

 

12. TURKEY 

 

According to 1974 FAO statistics, at that time there were one million buffalo head in Turkey. From 

1984 to 1997, there has been a decrease in the buffalo breeding population of 65 % and the reason 

for this decrease in water buffaloes has been the preferences for cattle over buffalo in the Ege and 

Marmara regions, where a large number of buffaloes were found. In Turkey, all the improvement 

efforts for genotypes were only practiced on cattle. The buffalo population is now about 85,000 

head (FAO, 2010), and only of the Anatolian breed. 

Actually the average milk yield is 962 kg for lactation. The dry period is 188.04±11.17 



(64-552) days. Milking is generally undertaken by hand. Milking by machine is carried out only 

around Istanbul. The average dairy yield of the buffalo cow is 4.50 kg, with an average lactation 

period of 224 days. 

In 2002 Italian semen was introduced in Ilikpinar village in Hatay province (figure 53), for the local 

population of buffaloes in order to improve genetic and milk productivity ( Sekerden et al, 2003). 

The Project, as a collaborative Project of 2 countries (Turkey and Italy) was come in to force by 

using semen originated from 2 Italian bulls which was provided by FAO Inter-Regional 

Cooperative Research Network on Buffalo. When aids (900 doses semen and chemicals for 80 

buffalo cows) provided by FAO were exhausted, in order to continue to the Project, financial 

support was taken from The Scientific and Technical Research Council of Turkey. So, 600 doses of 

buffalo semen from 4 bulls were purchased. The conception rate was 78% in the last insemination 

time. 

In F1 (Mediterranean Italian X Anatolian), milk yield average was 1386±246  kg for lactation of 

305 days;   yield average of 81 Anatolian buffaloes are calculated as 987±327 kg (Sekerden, 2009); 

daily milk yield was respectively 4.12 and 3.23 kg, fat% was 6.45 and 7.20 respectively, protein% 

3.14 and 4.35, TDM% 15.64 and 17.00 respectively.  

Averages of live weight for F1 were 280±24 while for Anatolian genotypes were 185±26 with daily 

gain of 1.059 and 0.656 respectively (Sekerden, 2009).  

The milk production of the water buffalo is renowned and favoured particularly for the production 

of the famous  Turkish desserts. This was one of the highest motivations for farmers to keep and 

raise water buffaloes near big cities (Soysal and Kok, 2004). A semi-hard cheese called “peyaz 

peyneri” is made from buffalo milk. Ayran is a drink with water and buffalo yogurt. Meat 

production is all converted into sausages. The price of buffalo meat is 10 percent less than the price 

for beef. 

The richness of market in Turkey is a good basis for the expansion of buffalo rearing. 

 



 

 

Figure 53. Anatolian buffalo in Ilikpinar  village (Borghese photo, 2002). 

 

 

13. IRAN 

 

In the 1930s, there were 1 500 000 buffaloes in Iran. By 1995 this number had decreased until now, 

to 470 000 (Naderfard, 2009). The buffalo is a native animal of Iran, with over 80 % of its 

population concentrated in the north and north-west (Azerbaijan province) and 18 % in the south of 

the country (Khuzestan) . Some of the main reasons for this decline may be industrialization, the 

increasing demand for buffalo meat but a lack of replacement of the slaughtered animals and 

farming diversification and income. Official neglect and pro-Holstein propaganda have caused a 

significant decrease in buffalo numbers in Iran in recent decades (Mohsen pour Azary et al., 2004).  

The buffalo farming system in Iran is based on smallholders (99 %); most of the herds have an 

average of five animals; a few herds have between 20 and 50 buffaloes and some of them have 300 

buffaloes. Smallholders manage their animals according to the opportunities offered by the 

environment: on pasture, stubble, shrubs and grass. Most of them obtain their feeding by grazing 

along water sources. 



In Khuzestan, buffaloes are raised outdoors throughout the year; living also in the marshes , but in 

the north-west (Azerbaijan) they are housed in the autumn and winter.  

In Khuzestan, near Ahvaz there are many farms with  Arabian origin people: the khuzestani buffalo 

cows are living  free in courtyard (figure 54) and are milked together with calves (figure 55). The 

cows are very docile and are managed by boys without risk (figure 56). Milk products is about 18 

kg/day and lactation is 240 days long. The feeding stuffs are straw, alfalfa and sugar cane pulp. The 

desert is irrigated and produces sugar cane and dates. In other farms the animals are tied all the 

night and on the morning they are free to go to the lagoons. There is a great pollution, no control on 

diseases. In other farms there is high inbreeding with albino type (figure 57,58) that are very 

appreciated and produce from 8 kg milk to 18 kg/day. There are also spotted animals of course 

(figure 59). Some people live in the villages in the lagoons and buffalo are milked at 4,00 and 16,00 

hours producing 8 kg milk/day, living in the water of lagoons and feeding water plants as Chulan. 

The faeces are used as burns to cook bread. 

In Azerbaijan area along the Turkey boarder there  are same buffalo farms near Uromia with Azeri 

breed. The buffaloes live in open air covered by shed because of the cold climate, fed pellets,  

barley, by products, maize silage, beet pulp, alfalfa hay, soy with 7 kg/day milk yield for 210 days 

of lactation. 

Buffalo farming in Iran can be considered to be at a good level since the owned or rented properties 

are of a large size and the land available for buffalo farming is also extensive. Buffalo farming has 

been a traditional activity for many decades (Kianzad,2000). 

There are two principal breeds in Iran, Khuzestani (22%) and Azeri (70%) (plus an 8% of 

Mazandarani breed): Khuzestani produce 2,107 kg milk with 6.23% fat/lactation, East Azeri 1,711 

kg (7.50% fat), West Azeri 1,141 (8.12% fat), Mazandarani 1,410 kg (6.75% fat) according 

collected tests reported by Naderfard (2009), with an average lactation period of 210 days. The 

mean calving interval is about 420 days. 

Products: Milk, yoghurt, fresh cream, fresh cheese, butter, ice-cream, rice pudding, churned 

yoghurt, dried whey, ghee. In Iran, the price of buffalo milk is twice that of cows’ milk. Buffalo 

skin is used in the leather industry. Buffalo manure is used for fuel in rural areas. 

A development project just started, introducing 4095 doses of Mediterranean Italian buffalo semen 

from COFA in order to improve genetic and milk production, with the goal to increase buffalo 

products and market. 

 

 

 



 

 

 

Figure 54.   Kuhzestani buffalo cows. Ahvaz, Iran. (Borghese photo, 2005). 

 

 

 

Figure  55.  Kuhzestani buffalo cows. Ahvaz, milking in open air. (Borghese photo, 2005). 



 

 

 

Figure    56.  Kuhzestani buffalo very docile. Ahvaz. (Borghese  photo, 2005). 

 

 

Figure    57 .  Kuhzestani buffalo , total albino. Ahvaz. (Borghese  photo, 2005). 

 



 

 

 

Figure     58.  Kuhzestani buffalo management. Ahvaz. (Borghese  photo, 2005). 

 

 

 

Figure   59.  Kuhzestani spotted  buffalo. Ahvaz. (Borghese  photo, 2005). 

 



 

14. IRAQ 

 

There are many idea regarding  the back history of water buffalo in Iraq , the dominant one  was 

that  buffaloes had been  domesticated  since third millennium B.C  in Mesopotamia  during 

Sumerian Era. Buffalo is considered one of the animals that has wide spread in the marshes area in 

the south of Iraq. It is considered as the main source for living the people of marshes. It was 

considered as a source of insurance for care taker and his family to face the request in that area, as 

the families in the villages can survive thank to the animals living with them (figure 60).  

 The Iraqi buffalo population  is estimated  about 285,537 heads  and distributed on 15 provinces 

with highest  percent on the Basra province in south marshes  (about 57704 head), Thi-Qar province 

(49283 head), Baghdad with 47809 head mainly  in Fadiliaya village in the east boundary of the 

capital and Missan province (24345 head) (MOA, 2008).  

Presently water buffaloes in Iraq suffer from some problems dealing with diseases, products and 

management, because of the war. 

Buffaloes are bred in the marshes  and in the Tigris and Euphrates rivers, managed by boys as 

docile animals (figure 61) or by farmers (figure 62) and swim (figure 63) far and wide for feeding 

on papyrus, reeds, common ash and other plants. They like to stay in the mud, to maintain humid 

and protected skin (figure 64). When the flood water is high their owners have to go out and collect 

these plants in order to feed the buffaloes on platforms. 

Buffaloes in towns rarely graze on natural pasture; they are fed mostly on concentrates, green 

forage, straw and agricultural by-products (figure 65). 

Iraqi buffalo is Kuhzestani breed, very similar to Kuhzestani of Iran, with high variability for size, 

colour and milk capacity (figure 61-65). Some albino animals (figure 66) are found as in Iran. 

The management pattern of buffalo herd is private sector with small holders ranging between 5-50 

head with some herd more than 150 head. There’s  no artificial insemination neither semen 

collection and breeding depend on breeders skills only .The reproduction seasons begins at the end 

of autumn and most calving take place to the end of summer .The mortality of calves  was 10% and 

adult 5% (due to feed shortage and absence of state support for concentrates. Therefore many 

buffaloes keepers slaughter their females and many others change their jobs (Al-Saedy and Al-

Fartosi, 2011). 

 Buffalo suffered from low reproductive efficiency (hypo-fertility )with high percent of uterine 

abnormality , hemorrhagic septicemia , foot and mouth diseases and brucellosis which contributed 

in decline rate of population  (MOA, 2006) . The performance of our adult buffalo female is 6 kg 



milk per day lactation length (250 days) with 7.95%  fat with a mean production of 1500 kg per 

lactation. 

The mean slaughter weight is 400 kg, dressing percentage is 50%, growth rate is 580 g/day.  

Four national centers will be established in recent five years at four provinces: in capital (Baghdad), 

north (Nineveh), south  (Thi-Qar) and Euphrates area (Najaf).The main purpose for these buffalo 

centers were updating Iraqi  buffalo information by conducting many researches in all fields that are 

uncovered by Iraqi researchers (Al-Saedy and Al-Fartosi, 2011). 

Many products are available from buffalo: fat  skimmed from milk and  used to produce butter, 

ghee, sweet and cake; skimmed milk is used for direct consumption and to produce curd, fresh 

cheese and sweet (figure 67,68). The meat is used for direct consumption or to produce salami and 

ham (figure 67 ), as these products cannot come from swine, as pig meat is forbidden in Islamic 

countries.  

 

 

Figure 60. Calves in the villages  

 



 

 

Figure 61. Kuhzestani buffaloes in Tigris River (Jabbar Al-Saedy photo 2011) 

 

 

Figure 62. Kuhzestani buffalo in Tigris River (Jabbar Al-Saedy photo 2011) 

 



 

 

Figure 63. Kuhzestani buffaloes in Tigris River (Jabbar Al-Saedy photo 2011) 

 

 

 

Figure  64. Kuhzestani buffalo in the mud (Jabbar Al-Saedy photo 2011) 



 

 

 

Figure 65. Buffaloes fed by-products in South Iraq (Khalid Al-Fartosi photo 2011) 

 

 

 

 

Figure 66. Kuhzestani calves with albino (Jabbar Al-Saedy photo 2011) 



 

 

Figure 67. Sweet, fresh cheese and ham from buffalo (Khalid Al-Fartosi photo 2011). 

 

 

 

Figure 68. Sweet, curd and fresh cheeses (Khalid Al-Fartosi photo 2011) 



15. AZERBAIJAN 

 

Is  important to note that buffalo breeding  has a very long history in Azerbaijan. Is has always been 

a traditional industrial sector. Prof  A. Agabeyli (1939-1980) founded a buffalo breeding research 

centre that was in instrumental in creating a new Caucasian breed of buffalo (Farajev and Bashirov, 

2002). Azerbaijani buffalo experts have written a great deal of valuable scientific works, textbooks 

and articles. FAO and UNESCO were also involved. Under the direction of  Prof. Bashirov, 

scientists of the Azerbaijan Scientific Livestock  Institute have been working of buffalo breeding 

issues since 1951 and  created a lot of specialised buffalo breeding farms. As Azerbaijan reared 

85% of all buffaloes in the USSR, it was the only country in the Former Soviet Union where buffalo 

breeding research was carried out. Azerbaijan coordinated all buffalo breeding research in the 

Former Soviet Union. After the collapse of USSR, Azerbaijan faces a tremendous problem in 

finding the resources to fund  further buffalo breeding research. The privatization process 

transferred ownership of former collective buffalo breeding farms to individual farms. (Farajev and 

Bashirov, 2002). The Azerbaijan Association of Buffalo Breeders was founded in December  2001, 

with the support of the Vice President of the International Buffalo Federation and President  of the 

Bulgarian Association of Buffalo Breeders, Dr. Aleko Alekseyev.  

The number of buffalo in Azerbaijan is 270,000, only of Azeri breed, with a mean milk yield of 

1200 kg milk in 210 days of lactation (Borghese 2011).  Milk fat is 6.6%. The animals live 

normally on pasture (figure 69)  or  managed in open stables (figure 70). 

Scientific assistance was provided by Italy with a project supported by Dr. Bruno Cortese of  

“Consorzio Progetto Bufala” and by Prof. Antonio Borghese, as coordinator of the FAO-

ESCORENA Inter-Regional Cooperative Research Network on Buffalo in the years 2002-2004. It 

was useful to introduce knowledge in different fields, to apply oestrus induction and artificial 

insemination techniques, to develop milking and cheese industry management and to improve local 

Azeri breed. 

The Ital Fromage industry was found and produces very appreciated cheese particularly mozzarella 

with advanced techniques and modern machines (figure 71,72). 

Now mozzarella cheese is produced in the capital Baku and it is possible to find it in the five stars 

Hotels, together with the red sturgeon caviar as a luxurious food. This is an example of a local rich 

market. Other products are butter, sour cream, kaymak (which is an ethnic product similar to sour 

cream), yogurt, cottage cheese and ayran (a drink with yogurt). 

 

 



 

 

Figure 69. Azeri buffaloes on pasture, (Borghese photo 2003). 

 

 

  

Figure 70. Azeri buffaloes in open stables, (Borghese photo 2003). 



           

 

Figure 71,72.  Mozzarella production in Ital Fromage industry. 

  

 

 

15. ARMENIA 

 

Due to the absence of animal recording, it is difficult today to obtain detailed information 

regarding the potential of buffaloes in Armenia. Scientific research has been conducted in the 

past in the Republic of Armenia. However, it is important to note that no research or selection 

has been carried out in Armenia recently. Since 1991, following the collapse of the former 

USSR, all livestock in Armenia, including buffaloes, became totally privatized. After 

privatization no precise livestock recording has been undertaken and the data presently 

available is merely the statistical data which was collected in the past. There are now about  

1 000 buffaloes in Armenia (Marmarian, 2000). 

 

 

 

 

 



16. SYRIA 

 

The Center for Buffalo Research and Development (CBRD) in Syria, with participation of 

provincial Directorates of Agriculture, was established on 1998 (Swaid, 1998), since buffalo 

is a natural heritage of Syria which should be preserved. 

There are two types of Syrian buffalo: Ghab and Qamishly types, of Mediterranean breed.  

As grazing is not sufficient to support the nutrient requirements, the CBRD composed a ration 

of chopped green fodder (10-20 kg/head), urea, treated wheat straw(5-8 kg/head), combined 

feed block (Swaid, 1998), the animals were housed in semi-open sheds. 

The population is about 4500 head, of what 1800 adult females, 640  milk recorded producing 

1190 kg milk yield in 254 days of lactation (Borghese, 2005). 

The age at the first calving is 36-42 months. 

 

 

 

17. ISRAEL 

 

Buffalo was imported from Italy in Israel on 1995 with the assistance of Italian Breeders 

Association, with the purpose to increase the potential income, coming from mozzarella 

cheese. The first calving occurred at the age of 26 months, with 30% of vaginal prolapses and 

some uterus prolapses. Average milk production in the first lactation was 1500 kg.  The Israeli 

buffalo farm of Bizerom was created, producing 50 000 liters of buffalo milk, processed in 

different dairy products, among which there is also mozzarella (Rubinchik, 1999).  

As the advantage of rearing buffaloes in all the countries of the world is the ability of 

consuming roughages by buffalo, in Israel roughages are the most expensive component of the 

ration (Khan, 2009), that therefore must be adapted to the dry and hot conditions of Israeli 

climate. 
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AMERICA 

 

Today there is great enthusiasm about buffalo in America, particularly among buffalo breeders and 

livestock associations. Buffalo is considered to be the animal of the future, and there is justification 

for this. Buffalo numbers have significantly increased and it is felt that breeding policies have led to 

an all-round improvement in quality, as can be seen from Table 1. 

 

Table 1. The buffalo population in America (Borghese, 2012) 

  

COUNTRY POPULATION 

Argentina 100 000 

Bolivia 10 000 

Brazil 3 500 000 

Colombia 150 000 

Cuba 67 300 

Ecuador 1 300 

Paraguay 10 000 

Peru 1 000 

Venezuela 350 000 

Trinidad and Tobago 5 700 

Costa Rica 4 500 

Mexico 10 000 

USA 6 000 

Canada 1 000 

Guatemala, Panama, Belize 10 000 

TOTALE 4 227 000 

mailto:antonio.borghese@email.it
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One of the characteristics that makes buffalo so widely used in these countries is their extraordinary 

ability to convert fiber into energy. Research trials indicate the superiority of the buffalo in food 

conversion and in the use of tropical forage and agricultural by-products. Therefore, it is 

emphasized that the buffalo does not compete with humans, for it does not necessarily use the main 

production from the crops. It is also an efficient tool in the recycling of nutrients in integrated 

production (Borghese, 2005). 

Other important characteristics of the buffalo are their rusticity, their ability to adapt to different 

climates and their high fertility rates, always superior to those of bovines. Buffalo breeding is a 

synonym for low production costs and high levels of productivity (Rocha Loures, 2001). 

According to recent data (Borghese, 2012) the present population all over America is about 4 227 

000 head. 

 

1. BRAZIL 

 

At the same time as zebus were imported into Brazil from India, mainly between the 1940s and 

1960s, some Murrah and Jaffarabadi buffaloes also arrived. In Brazil, these animals have found 

ideal conditions, such as thriving pastures, water, grazing space and suitable temperatures. These 

effects have been enhanced by the buffaloes' hardiness and adaptability.  

Today there are approximately three million and half buffaloes in Brazil, which are found in all 

States, notably Parà, Maranhào, Cearà, Pernambuco, Rio Grande do Northe, Minas Gerais, Bahia, 

Rio de Janeiro, Sào Paulo, Paranà, Santa Catarina, Rio Grande do Sul and Mato Grosso do Sul. In 

these States, the buffalo population is growing at the rate of ten percent every year, because 

breeders slaughter only culled males and females, and all other animals remain for reproduction. 

In the 1970s, Brazilian buffalo breeders began using buffaloes professionally for dairy and meat 

production. At the same time, research on production, reproduction and nutrition began, and 

several regional associations of buffalo breeders were formed. At the end of the last decade, the 

associations initiated a program to evaluate these animals, based on the data that had been 

gathered over the previous thirty years (Ramos et al., 2004). 

In some Brazilian States, buffaloes have become an economic option, mostly for their milk yield 

and, consequently, for the elaboration of mozzarella cheese, originally produced in Italy. This 

product is well accepted on the consumer market, and secures high prices due to the substantial 

demand. For this reason buffaloes have conquered a space in the national cattle husbandry sector 

and are no longer seen as marginal contributors to the meat and milk yield cycle.  



Under Brazilian conditions, the following results were recorded in a study with 659 pure or 

crossbreds of Murrah buffaloes, from 1979 to 1987, in the country of Pitangueiras (SP): an 

average milk yield of 725.49 ± 228.91 kg. The data reported, for 1 586 lactation records of the 

breeds Jafarabadi, Mediterranean, Murrah and their  crossbreds  (Fig. 1), in  several  regions  of 

the  country was:  an average  of 1 517.16 ± 407.62 kg milk, in an average lactation period of 

248.81 ± 3.86 days (Borghese, 2005). Tonhati and Cerón-Muňoz, after analysing 1 020 lactations, 

found an average value of 1 496.20 ± 605.72 kg milk, for a 270-day lactation. After taking into 

account 1 744 lactations of 1 268 females of different genetic groups, observed in six herds from 

1996 to 1998, the estimated milk production was found to be 1 259.47 ± 523.09 kg, in 270 days of 

lactation (Tonhati and Cerón-Muňoz, 2002). 

 

 

Figure 1. Murrah crossbred in Brazil (Borghese photo, 2002) 

 

This data was based on 5 014 lactations, originating from 1 656 cows, who calved from 1973 to 

2003, were sired by 234 bulls and were raised in twelve herds located in seven different Brazilian 

states (Parà, Rio Grande do Norte, Cearà, Bahia, Minas Gerais, Sao Paulo and Paranà). Only 

lactations yielding at least 3.0 kg/day and lasting a minimum of 150 days were taken into 

consideration. The objective was to evaluate the productive and reproductive performances of 

dairy buffalo cows, whose production was experimentally controlled. 

The overall average for monitored milk yield, lactation length and age at calving was 

1 589.57±605.14 kg, 265.63±49.00 days and 79.23±47.5 months respectively, which confirmed 



the data presented by Ramos et al (2001). The maximum yield per lactation was 5 796 kg whereas 

the minimum yield was only 351 kg of milk. The average milk production in this population was 

higher than the Brazilian average for cattle (1 265 kg/lactation), which is based on 19 million 

cows producing approximately 24 billion kilograms of milk (Ramos et al., 2004).  

Now in Brazil is prospecting a green revolution (Bernardes, 2011) as the basis for the diffusion of 

milk and cheese market, when the milk price in the farms is 1.1 reais (R) and the cheese starts 

from 10 R until the mozzarella price, link to fat percentage, of 40-50 R (1 US dollar=1.82 R, 1 

euro=2.46 R). The meat price is very low as about 3-5 R/kg according the cut value until 12R/kg 

for the filet.  

Some farms in Ribeira Valley, at 160 km from St. Paulo, very rich of pasture, produce 2400 kg in 

the first lactation with several cheese products as provolone, parmesao, mozzarella.  (Borghese, 

2011).  

Totally different is the management system in Amazonas lands (figure 2,3), where the flood is the 

reality and the buffaloes swamp in lagoons during rain season, anyway the milk production is 

high for the use of Italian semen in Artificial Insemination by high genetic value bulls as 

Malandrino, Jafar, Napoli, obtaining several products as “La vera mozzarella” (Borghese, 2011). 

In the flood areas the used breed and their crossbreds are Jaffarabadi, Murrah (figure 2,3) and 

Mediterranean, the identification is on the horn and the health problems are brucellosis (30%) and 

TBC (16%) (Ribeiro, 2011). 

There are too intensive farms as “Fazenda Laguna”, 90 km from Fortaleza, with rotation pastures, 

irrigation, sugar cane  production, selection for milk and meat purposes, health control, no 

consanguinity, milking machine and other technologies (Borghese, 2011). 

In conclusion the buffalo  livestock in Brazil started according the purpose to produce meat, 

utilizing natural  pasture in extensive system; recently dairy purpose animals have been selected, 

utilizing Murrah and Mediterranean genetics, semi-intensive systems and advanced technologies 

have been applied, to create a rich market of milk and  cheese products. 

 



 

Figure 2. Buffalo heifers along Amazonia forest, near Santarem (Borghese photo 2011) 

 

 

Figure 3. Buffaloes in a farm along Amazonia river, Santarem (Borghese photo 2011) 

 

 

 

 



2. VENEZUELA 

 

The buffalo population in Venezuela was about 200 000 head (Borghese, 2004). Now there was a 

notable increasing during last years with today’s population of 350 000 head.  There are different 

breeds: Mediterranean Italian, Bulgarian Murrah, Indian Murrah and others imported from India 

(Nagpuri, Surti, Bhadawari) and from other American countries. The management and feeding 

systems are almost entirely based on pasture and the primary purpose is for meat production. 

Therefore generally buffalo cows are not milked but give milk to their calves and the calves, in 

turn, are sold to the meat market. Each farmer often owns large properties (from 1 000 to 10 000 

hectares) with numerous animals. After that there was a development of the milk production 

potential with the introduction of better genetic lines (Montiel-Urdaneta et al., 1997). In the same 

way the technologies for milking cows, storing milk and for cheese production (together with 

technologies related to other milk products) are also developing. Although the promotion and 

expansion of buffalo production could solve the problem of the meat and milk deficit, there were 

many limiting factors such as government inertia regarding, the existing sanitary problems and 

the absence of national development programs (Reggeti, 2004). According Reggeti and Taracay 

(2006) there were 472 buffalos farms in Venezuela but no record were kept by the  Venezuelan 

Buffalo Breeder Association, founded in 1986. 

Actually Venezuela buffalo livestock, with 350 000 head on 700 000 hectars, produces 105 

million kg of milk per year, 17 million kg of meat per year (Zava, 2011) as in Venezuela too 

buffalo is becoming a dual purpose animal. 

The most of buffalo livestock is used for meat production, utilizing great land extensions on 

natural pastures and producing animals for slaughter of 425-550 kg, at the age of 18-30 months 

(Zava, 2011). 

Dairy purpose farms are going to be established in the South Region of Maracaibo lake, 

producing 3-6 liters per day with Murrah crossbreds. In the years 2008-2009 the performances of 

10 356 lactations were recorded (Montiel et al., 2010) in 7 farms in different region of the 

country, with tropical humid forest: the mean milk yield was 1 421 kg, lactation length was 309 

days, calving interval 452 days.  

 

3. COLOMBIA 

Colombia is a tropical country over the equinoctial line in full torrid area, with coasts of both 

Pacific and Atlantic Oceans; the country has a great diversity of echo-systems, climate and thermal 

floors, which allows the development of a variety of forages and environmental conditions that 



contribute and favor the breeding of buffaloes. Buffaloes came to Colombia in 1967 from Trinidad 

and Tobago and after from Venezuela and Brazil, as a productive alternative to take advantage of 

low and floodable lands, with lots of vegetation, that buffalo can easier utilize liking to swim in the 

rivers (figure 4,5), where bovine cattle could hardly adapt, subsist or produce (Roldan, 2005).  

Because of the profitability of the business and the nutritional quality of buffalo products, the 

buffalo population has shown a great increase during the last years, passing from 30 000 head 

reported by Rocha Loures (2001) to 80 000 reported by Roldan (2005), to today situation with 150 

000 head. 

The originally Colombian buffalo population is an undetermined breed mix of Indian breed, with 

low milk yield, as it was introduced because able to take advantage, as meat producer,  of land that 

cannot be used for agriculture or cattle production (Reggeti, 2006). The actual trend is to use 

buffalo for milk production, increasing milk potential by importation of high quality semen from 

Brazil and from Italy, respectively Murrah and Mediterranean Italian, as milk is used for direct 

consumption, mixed with cow milk, or it is processed for producing cheese and sweets. 

The Colombian Buffalo Breeders Association is developing programs such as genetic improvement, 

genealogic registry programs, milk recording,  ovulation synchronization, artificial insemination, 

embryo transfer, animal identification by ear and tail tattoos, skin and horns fire branding, skin 

cryogenic branding, microchips and inner stomach skittles (Roldan, 2005). 

The meat production is depending from the areas, as they vary from North Cost Area with 40° C 

and precipitations 1200 mm to Magdalena Medio Region with 2300 mm rains (tropical warm 

humid forest) to mountains regions at the height of 2900 meters; accordingly the grasses change 

enormously. In extensive systems fattened buffaloes are produced with final weight of 440-480 kg 

at the age of 20-24 months, as fattened buffaloes in improved pastures with rational rotations (figure 

6), offering enough quantity  and very good forage quality up to 12% protein, achieved 419 kg at 

slaughter at 491 days of age (Roldan, 2005).  

The mean national milk yield in dairy buffalo farms in Cordoba department is 2.1 liters per day as 

in one of the best farms, Hacienda Fortaleza in Cordoba, who applied genetic improvement 

importing Murrah from Brazil,  6 liters of milk yield per day was obtained  with 7.23% fat, 4.27% 

protein, age at the first calving 30 months in comparison with mean of 42 months in cattle, calving 

interval 440 days in comparison with mean of 675 days in cattle (Roldan and Agudelo, 2010). 

This is an example of the great possibilities to increase milk production in Colombia, substituting 

original Buffalypso breed with dairy breeds as Murrah or Mediterranean Italian by crossbreeding. 

Today hand milking is the more used system for low cost of workers (figure 7).   

     



 

 

 

Figure 4, 5.  Ecological Buffalo of Colombia, living in lagoons (Roldan photo, 2006) 



 

 

Figure 6. Buffalo fattening on confined pasture (Roldan photo, Fortaleza farm, Cordoba, 2006) 

 

 

Figure 7. Buffalo milking by hands (Roldan photo, Fortaleza farm, Cordoba, 2006) 



4. ARGENTINA 

 

The buffalo production in Argentina started producing beef in 1976 and after producing milk in 

1992; the buffalo population was 1300 head in 1976, 50 000 in 2001 (Rocha Loures, 2001), 80 

000 in 2005 (Zava, 2005), until the actual 100 000 head (Zava, 2010).  

The buffalo breeds in Argentina are notably Mediterranean, Murrah and Jafarabadi imported from 

Brazil, (Zava, 2004) and are rapidly increasing. There are similar conditions to those in 

Venezuela, but the milk and cheese industry is better developed than in Brazil. In Argentina there 

is an active Buffalo Breeders Association (Asociacion Argentina de Criadores de 

Bufalos (AACB)) that works actively towards genetic and production improvement in the buffalo 

sector, particularly towards increasing meat production for export. The greatest concentration of 

farmers in this regard is in the Corrientes, with 30 000 head, and in Formosa (35 000 head) 

Provinces, on the North East lands of the country, that have a subtropical climate, hot and humid, 

with annual rains of 1000-2500 mm (Zava, 2010). Buffaloes are reared on an extensive system, 

on natural grasses, on poor pasture on low fertile land, together with bovine herds, on farms with 

an area of between 750 and 2 000 hectares with about one head/two hectares.   

Under these conditions  the weight gain of buffalo is better than cattle: 700 g/day from birth to 

weaning, 500g after. The live weight is 500-550 kg at 27-30 months (cattle requires 48 months), 

the dressing percentage is 50-55%, the meat is of excellent color and tenderness (Zava, 2005). 

The production per hectare is 60 kg live weight for buffalo, while is only 40 kg live weight for 

cattle. Buffalo beef is sold at the same price than cattle beef, but recently buffalo beef has started 

to be sold differentiated as it is appreciated in high quality restaurants in the city of Buenos Aires . 

The problems in Argentina are: use of low-level technologies, inadequate sanitary conditions, low 

quality products and insufficient productivity (Vargas, 2004). Now developed technologies have 

been introduced also in extensive systems, applying sanitary plans with vaccination against mouth 

and foot disease, brucellosis, carbonchio, gangrene and with treatments against parassithosis.  

The milk production is effected in some farms in Formosa and Corrientes provinces utilizing 

selected groups of Murrah breed (figure 8) or Murrah x Mediterranean or  Mediterranean, as 

Mediterranean Italian semen is continuously imported to increase rapidly the milk potential.  

The average milk production is 5-6 liters per day, the lactation length is about 240 days. The milk 

is used to produce mostly mozzarella cheese: 10 liters give 2.2 kg mozzarella (Zava, 2011). Dairy 

buffalo cows fed silages and concentrates as integration of pasture. La Salamandra farm, 70 km 

from Buenos Aires, developed a semi-intensive system with feeding-stuff integration, produces   

2 159 kg milk in 267 days of lactation, with 7.63% fat and 4.52% protein; the milk is processed to 



produce mozzarella with the same name of the farm, milk sweet and ice cream (Zava, 2011).  

The mozzarella export is toward Chile. The meat export is very important for Argentina economy 

to introduce money from many countries of Europe, particularly Germany, USA and Canada. 

 

 

 

 

Figure 8. Murrah and crossbred buffaloes on pasture or into the river. 

 

 

  



5. CUBA 

 

In Cuba, buffalo introduction is relatively recent dating from 1983 to 1989. The River buffaloes 

now present in the country were originally imported from Trinidad, Tobago and Panama. They 

are the breeds used for upgrading the larger population composed of Swamp buffaloes imported 

from Australia. As has been well established, the Buffalypso or Trinidadian Buffalo is the result 

of crossbreeding between the Carabao and other River breeds such as the Murrah, Nili -Ravi, 

Jaffarabadi, Surti, Nagpauri and Bhadawari, which was undertaken in the sugar cane factories of 

the Sugar Carone between 1920 and 1930.  

Detailed information was given regarding the comparative performance during five lactations of 

both buffalo types in relation to milk and fat production, specifying that the River (Buffalypso) 

buffalo was superior in milk yield (260 kg), with a 60 day longer lactation period than the Swamp 

buffalo, without any difference in fat content. In another work, it was indicated that the 

Buffalypso, when well managed, has a productive potentiality to produce 1 620 kg of milk (802 

kg from milking and 817 kg to feed the buffalo calf) (Fraga et al., 2004). 

The policy is to substitute the Swamp buffalo (bufalo de Pantano) with the Buffalypso (bufalo de 

Rio) by crossing. 

The reproductive patterns are seasonal: from August to October the 50% of calving occurs, that 

mean the pregnancies start from November to January; The age at the first mating is 27_+ 4.7 

months with 364 +_ 23.7 kg live weight; calving interval is 427 +_  130 days (Suarez et al., 

2011). 

According the most recent news (Mitat, 2011), the buffalo population in Cuba is represented by 

67 246 head, the breed is named  Cuban Buffalypso, as the more evident characteristics are of this 

breed, even if the variability is very high, with albino animals too (figure 9). This breed was used 

before only as draught animal for drawing carriages and for working in the sugar cane field .   As 

no selection was applied for dairy purpose, the milk production is very low: about 870 kg for 

lactation of 244 days. As no market was created for buffalo products, the consumer demand is 

very poor. In a trial of recording 826 lactations, the milk yield was 1011 kg in lactations of 244 

days, 1232 kg in lactations of 305 days. The meat production is about 3000 tons/year, 

slaughtering the males at 364 kg live weight, the weight is 148 kg at 8 months, 192 kg at 12 

months. 

In the 6
th

 Symposium of Americas and Europe, held in Havana, Cuba, on November 21-30 2011, 

the Ministry of Agriculture declared the Government proposal to develop Cuban Buffalypso to 

increase the milk and meat production, as people need food rich of protein, as Buffalypso is able 



to utilize the pasture of internal land of the isle and the byproducts coming from sugar cane 

cultivations. For this purpose, artificial insemination has been applied with Mediterranean Italian 

semen, using too the semen of champion Millennium (figure 10) on Buffalypso herd. 

Actually there are 535 farms, of these 249 are dairy farms: 94% are State farms, only 2.5% are 

private cooperatives. The State Livestock Company “El Cangre” in the Mayabecke province, 

involves 700 buffaloes on 12 000 hectars, subdivided in 12 units, producing 700 liters per 

lactations of 240 days, plus milking the calf, that is weaned at 8 months at 170 kg live weight, 

only with pasture, without integration. The fertility is 90%.   4 million liters were produced in the 

year 2011.  

 

 

 

Figure 9. Buffalypso herd with albino animal. Livestock Company “El Cangre”, Cuba (Borghese 

photo, 2011) 
 

 

 

 



 

 

Figure 10.  Crossbred  Millenium (Mediterranean Italian breed) x Buffalypso. Livestock Company  

“El Cangre”  (Borghese photo, 2011). 

 

 

6. TRINIDAD-TOBAGO 

 

Buffaloes are not indigenous to Trinidad and the River type milk buffaloes were imported into 

Trinidad from India at the beginning of the last century. The first importation of 30 Jafarabadi to a 

sugarcane farm occurred on 1905. Afterwards other breeds have been imported from India, such as 

Murrah, Nili-Ravi, Surti, Nagpuri, Bhadawari, and Swamp Carabao were imported from Australia. 

Steve Bennet started on 1948 in the Caroni State farm to cross Bhadawari  and Murrah on 

Jafarabadi and after with other breeds to create a triple purpose breed, meat, milk and draught for 

working in sugarcane farms, named Buffalypso (Buffalo x Calypso that is Caribe song). Buffalypso 

is very muscular, with deep thorax,, black or brown color, strong and compact, short and curled 

horns (figure 11). 

 Indian contract labourers  used the males to haul sugarcane and the cows to provide milk for their 

families and neighbours. Selection and crossbreeding among the original imported milk breed 



developed a specialized beef animal now commonly referred to as the Buffalypso,  coming from the 

crossbreeding of the different imported Indians breed. Consequently the milk production potential 

of these animals was ignored. 

 

 

Figure 11. Buffalypso from Trinidad 

 

However, since the late 1970s the use of Trinidad water buffaloes for meat as well as for milk 

production has been encouraged, not only in Trinidad but also throughout the Caribbean. In order to 

achieve this objective, the Ministry of Agriculture established a small milking herd at the Aripo 

Livestock Station during the early 1990s.  

The average lactation duration was 191.6 days, which is lower than most values reported in 

literature. The mean total lactation yield, averaged over all lactations, and based on once a day hand 

milking with the calf suckling the mother was 611.3 kg (range: 767.4-444.2 kg). The average milk 

yield/day/cow was 3.09 kg (range: 0.50-15.42 kg). The average percentages for fat, protein, lactose, 

non fat solids, total solids, ash and Ca were 7.15, 4.03, 5.60, 8.84, 16.97, 0.85 and 0.23 respectively 

(Rastogi and Rastogi, 2004). 

Today Buffalypso is considered as a dual purpose breed (milk and meat) and the population is 5,700 

head (Rastogi, 2011). 

Different milk products are available in the market: yogurt, butter, ghee, mozzarella, queso blanco, 

soft cheese (figure 12), dahi (figure 12) and paneer (cottage cheese), very used in Indian vegetarian 



dishes.   

Production systems are: extensive on rotation pastures with integration of sugar cane during dry 

season; semi-intensive, on pasture during day, closed during the night with integration of coco 

meals and sugar cane; intensive in corral or feed-lot for fattening male young bulls coming from 

pasture at 12 months until the slaughter weight of 400-500 kg later, fed concentrates and by 

products (Zava, 2011). The daily gain varies from 450g until 860 according different management 

systems. 

 

 

 

Figure 12. soft cheese  and dahi. (Rastogi photo, 2004) 

 

 

7. COSTA RICA 

 

In Costa Rica there are 4547 crossbreds buffaloes Mediterranean x Murrah (figure 13) and 1819 

Buffalypso. 

The animals are managed on pasture with mineral integration. No vaccinations, anti -parassitic, 

genealogical control nor animal recording have been applied with the risk of high inbreeding 

(Rosales, 2011). The milk production is about 3-5 liters per day, calving interval 380-420 days, 

live weight at 24-30 months is 450-570 kg. 

 

8. BOLIVIA 

 

In Bolivia buffaloes were introduced on 1964 from Brazil (Cockrill, 1974). Now there are 10 000 

buffaloes in East lands, with hot and humid subtropical climate. Some farms imported 

Mediterranean Italian semen to create dairy purpose animal (figure14), that produce until 9 liters 

milk for day in milking room: the milk is processed to produce mozzarella, ricotta, cream cheese, 

mascarpone with registers mark. The hygiene is very cured. The calves  artificially fed milk 

replacers (Zava, 2011). 



 

 

Figure 13. Murrah derivate bull, Costa Rica, (Rodrigo Rosales photo, 2009) 

 

 

 

Figure 14.  Mediterranean x Jafarabadi  on pasture of Brachiaria, Bolivia (Marco Zava photo,  

2010) 

 

 

 



9. PARAGUAY 

 

In Paraguay there are about 10 000 buffaloes of following breeds: Jafarabadi, Mediterranean, 

Murrah and their crossbreds (figure 15). The purpose is the meat production: the males are 

slaughtered at 24-28 months, without castration, sometimes treated with hormons. The calves are 

wained  in December- January at 10 months of age with 180-330 kg live weight. The beef price is 

the same for buffalo and for bovine but it is higher in winter (Zava, 2011). 

 

 

 

Figure 15. Mediterranean cross breds, Caà Pucù, Paraguay  (Marco Zava photo, 2007).  

 

10. MEXICO 

 

In Mexico there are 10 000 buffaloes distributed in 5 farmers, that use the animals for meat 

purpose, sending the meat in supermarket. The Association of Buffalo breeders of Mexico was 

formed on 2008 (Zava, 2011).  

 

11. UNITED STATES 

 

Buffaloes were imported in United States (USA) on 1700 from Turkey to South Carolina, to work 

in rice fields. On 1976 Hugh Popenoe, Director of the Centre for Tropical Agriculture of Florida 

University, imported Carabao and Buffalypso buffaloes in Florida, to study the adaptability of 

buffalo species to water plants and difficult flood conditions of that land. Popenoe founded the 

American Water Buffalo Association (AWBA) on 1986. 



Afterwards a lot of semen of Mediterranean Italian breed was imported, to increase rapidly the 

milk production for processing purposes. 

Actually there are 6000 buffaloes in USA,  mostly distributed in Florida, Texas, Louisiana and 

Arkansas. The first product is mozzarella cheese, very appreciated on American market: a 

Mozzarella Cheese Company was founded in Dallas, as “California Mozzarella “ is a registered 

mark. There is a good market too for meat and for reproducers.   

 

12. CANADA  

 

Canada imported buffaloes from Bulgaria on 2000, and after, on 2007,  900 buffaloes were 

imported from USA in Toronto.  Actually in Canada there are 1000 buffaloes for milk purposes 

(Zava, 2011). 

 

 

13. AUSTRALIA 

 

Buffaloes were not native to Australia, they arrived, as Swamp type from Timor, with the first 

British settlements in the Northern Territory on 1826 and after from Indonesia, on 1838 and on 

1849: the climate in this area is monsoonal, with a wet season extending from September until 

April, when rainfall is 1000-1500 mm, and a dry season, during which there is very little if any 

rain for the remainder of year (Cockrill, 1974). More recent importations of Riverine buffalo from 

Italy, Bulgaria and the USA occurred in the mid 1990’s and after many importation of 

Mediterranean Italian semen occurred until today and this has provided the basis for the fledgling 

buffalo dairy industry. 

 The total population currently in Australia is not exactly known but it is estimated to be around 

70 000-200 000 head in February 2010, of what 60 000-120 000 swamp buffaloes in Northern 

Territory and 563 milking dairy buffaloes (Lemcke and Suarez, 2010). The Swamp feral 

population acts as a source of existent stock or replacement breeders for the controlled herd, while 

at the same time supplying some of the stock required for the current live export markets. Swamp 

buffalo are farmed on 30 to 40 properties in the Top End. Over the last years there has been a 

movement of buffaloes between states with small herds (up to 100 head) found scattered over all 

other states except Queensland (which at that time prohibited their farming, Lemcke, 2001). 

 Crossbred calves River x Swamp were first produced in 1995 and were involved in performance 

comparisons with purebred Swamp cows. A grading-up program has also been carried out with the 



3
/4

 
and 

7
/8 progeny now available. The plan is to keep upgrading in this way in order to increase the 

number of purebreds available for distribution in Australia. Semen has been imported from milking 

herds from Italy and the first crossbred calves have been produced in vitro (Lemcke, 2001). 

The general feed mix used was 2.0-2.5 kg/head/day of sorghum or maize with 0.5-0.75 kg of meat 

meal plus ad libitum roughage, generally a legume/grass hay plus sodium bicarbonate. During the 

trials it was found that buffaloes failed to increase their efficiency of utilization of grain above 30 

percent of the total diet. Meat meal is no longer used in cattle feeding so an alternative is required; 

probably cottonseed meal is the most readily adaptable alternative. The most productive properties 

are those with a mixture of upland and floodplain terrain, and are capable of producing 400 kg 

Swamp buffalo at 2.0-2.5 years of age. Significant improvements in these parameters have been 

achieved, firstly by using improved pastures and fertilizers, and secondly by the use of 

crossbreeding with the River blood (Lemcke, 2001). 

The introduction of River genetics provided the improvement of meat production +40% growth rate 

increase in the F1 animal over the purebred Swamp progeny, reduced time to slaughter intervals and 

showed superior carcass characteristics (Lemcke and Suarez, 2010): the Italian crosses (figure 

16,17) showed a great impact in comparison with Swamp growth rates by 86% for 200 days, 58% 

for 400 day and 56% for 600 day growth rate using least square means data; dressing percentage, 

eye muscle area were increased too; also of great significance are eating quality factors, particularly 

tenderness, which are the results of the faster growth rate of the crossbreds. 

Italian crosses are showing increases of milk components: 15% in fat, 20% in protein, 41% in 

lactose, and 21% in total milk yield (Lemcke and Suarez, 2010). 

As Australia establishes a registered mark for buffalo meat “Tender Buff”, produced by young bulls 

of 150-300 kg, younger than 2 years, slaughtered by electrical stimulation, the introduction of 

Italian genetic has the potential to allow a larger future expansion of the meat industry and a greater 

penetration of the cheese and yogurt markets. 

 

 



 

Figure 16.   Mediterranean x Swamp crossbreds. Northern Territory, Australia (Granja Beatrice 

Hill,2002). 

 

 

 

Figure 17.   Buffalo ¾ Mediterranean x ¼ Carabao. (Granja Beatrice Hill,2002). 
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 18 

1. BUFFALO CALVES. 19 

 20 

The success of buffalo breeding depends on good management and balanced feeding of calves, 21 

which ensure the optimum growth rate so they can attain early maturity weight.  22 

 23 

1.1. Colostrum 24 

Aside from its nutritive value and for laxative action allowing the evacuation from the intestine 25 

of faeces and meconium (Arora et al., 1988), colostrum intake in newborn ruminants is 26 

important, because it is the main way to obtain maternal antibodies (Bogjn et al., 1993). Indeed, 27 

a significant amount of immunoglobulins reach the blood of calves thanks to the permeability of 28 

the epithelial cells of the small intestine and the lymphatic system (Stanley et al.,1985). Calves 29 

start sucking at 2-3 hours after birth, and the absorption of immunoglobulins lasts up to 24 hours. 30 

This period is critical since many diseases of newborn calves have been shown to be related to 31 

insufficient colostrum intake and/or poor colostrum quality, which is determined by the content 32 

of immunoglobulins (Matte et al., 1982). The IgG1 is the best represented immunoglobulin in the 33 

colostrum and its passage from the blood begins four to six weeks before birth, allowing a 34 

concentration at first milking 2-10 times more than in the serum of maternal blood. According to 35 

Salerno and Tiberio (1963) and De Maria Ghionna et al. (1987) the concentration of 36 

immunoglobulins in the colostrum of Mediterranean Italian buffalo cows shows a rapid decrease 37 

from 74% of the protein content at 4 hours after the delivery to about 24% after 126 hours, with 38 

a corresponding increase in lactoalbumins and lactoglobulins. The immunoglobulin values 39 
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reported by Salerno and Tiberio (1963) were 84.9 mg/ml at 4 hours, 31.4 mg/ml at 40 hours and 1 

12.9 mg/ml at 5 days. De Maria Ghionna et al. (1987) found slightly lower immunoglobulins 2 

concentrations (61.8 mg/ml at 4 hours, 27.6 mg/ml at 48 hours and 5.8 mg/ml at 5 day) similar to 3 

the values reported by Bhargava and Balakrishnan (1978) for Indian buffalo cows (68.7 mg/ml 4 

on the first day after delivery; 23.7 mg/ml on the second day and 1.01 mg/ml on the fifth day of 5 

milking). To ensure the passage of significant immunoglobulins, the intake of colostrum 6 

suggested for bovine calf is equal to 70 ml/kg of body weight (7%) at the first feed and 50 ml/kg 7 

(5%) at the next three (Gay and Besser, 1991). In the researches carried out on buffalo calves 8 

approximately 1.5-2 liters of colostrum are administered within 2 hours of birth and up to 6 9 

liters/day in the first week of life (Arora et al., 1988; Romita and Dias,1975, 1978; Romita et al., 10 

1977). Bhargava and Balakrishnan 1978 reported 29.7 mg/ml of immunoglobulins in the blood 11 

of buffalo calves on the first day of life and an increase (35.7 mg/ml) on the second day. Similar 12 

values have been found on Mediterranean Italian buffalo calves: 4.2 g/l at birth and 32 g/l after 13 

one day of colostrum intake (Lombardi et al., 1996). Researches carried out on dairy cows 14 

reported an increase in the IgG1 concentration in the colostrum as the pregnancy number 15 

increased, reaching a maximum after the third delivery. The IgG1 concentration is significantly 16 

lower in the colostrum of animals that have had a continuous flow before delivery and of animals 17 

with no more than 30 days of dry period. Severe malnutrition of the mother before delivery 18 

results in a marked decrease in immunoglobulin content in the colostrum. Gay and Besser (1991) 19 

suggested to avoid the intake of colostrum obtained from animals with BCS lower than 3 at 20 

delivery. Pero et al. (2001), with a view to creating a colostrum bank to ensure the best 21 

immunoglobulin transfer during the best absorption period (24 h after calving), found that GGT 22 

is an accurate indicator of colostrum quality. Indeed, GGT activity and IgG content are highly 23 

correlated; in addition GGT measurement in dry chemistry is a very simple method. 24 

 25 

1.2 Management 26 

 27 

In order to avoid a high mortality rate in calves the most technically advanced farms are 28 

equipped with “delivery paddocks” where buffalo cows have to be moved about 20 days before 29 

the delivery (Ferrara and Intrieri, 1974; Alexiev, 1992). Otherwise, calves are born in open air 30 

paddocks where manure tends not to be regularly cleaned; these conditions can cause not only 31 

low levels of vitality leading the calf to delay colostrum intake, but also omphalophlebitis the 32 

main cause of septicaemia. On dairy buffalo farms, due to the high price of buffalo milk, 33 

newborn calves are separated from the mother at birth or within 4 hours. The separation can 34 

create failure in milk secretion due to the keen maternal instinct of buffalo (Arora et al., 1988) 35 



but otherwise the calf could subsequently refuse the artificial teat (Ferrara and Intrieri, 1974; de 1 

Franciscis and Zicarelli, 1974). In Italy in the past, in order to milk buffalo cows whose calves 2 

have died, the hide of a dead calf was placed over another calf, tricking the mother with its 3 

familiar odour. In some farms milking parlours were created with a box for a calf placed near 4 

each stall. In the last few decades, after a period in which oxitocin was widely used to stimulate 5 

milk secretion, the problem has been overcome as the calves are fed artificially; once they reach 6 

maturity, they accept being milked by man.  7 

During the administration of artificial milk, buffalo calves are placed in individual cages and 8 

subsequently in stalls, equipped with or without external pen. The former, made of zincate metal 9 

and fitted with a manger divided into one section for hay and concentrate and one section for a 10 

pail of reconstituted milk, is easy to keep clean and reduce diseases spread through contact, the 11 

main cause of mortality in calves less than 4 months old (Salama, 1995). On the other hand, 12 

individual cages are expensive, cumbersome to store and need time to clean. Their number on a 13 

farm depends on the type of milk substitute utilised; according to Zicarelli (1990) buffalo calves 14 

have to stay in the cage until weaning if fed hot milk substitutes, for less than 10 days in the case 15 

of acidified milk. In both cases, the calves are subsequently placed in the stalls, grouped 16 

according to age or live weight.  17 

Both under-feeding and over-feeding are harmful, the former leading to poor growth rate and the 18 

latter from a disease point of view. Over-feeding of milk usually causes undue fermentation in 19 

the large intestine and helps pathogenic organisms to multiply; this affects the intestinal wall, 20 

leading to enteritis (Arora, 1978). It is advisable that the first milk administration occurs when 21 

the calf has expelled the meconium and it is hungry.  22 

Artificial feeding can be carried out using bottles or pails fitted with rubber tubes, both slowly 23 

administering small quantities of milk, in order to determine the correct functioning of the 24 

oesophagus groove. Feeding from a pail requires time to educate the calf - it can be helped by 25 

having one or two fingers inserted into its mouth to stimulate sucking - for the first 26 

administration that is dangerous because the calf might not receive a sufficient amount of 27 

colostrum. On the contrary, once the calf is used to drinking from the pail, it can intake large 28 

amounts of liquid resulting in an altered response of the oesophagus groove. Feeding from the 29 

bottle with a teat is undoubted more natural even if cases of ab ingestis bronchopneumonia are 30 

not rare when calves are forced to use a teat. A combination of the two methods is represented by 31 

the pail fitted with one teat for calves kept in cages or more teats when groups rationing is used 32 

in the case of cold acid milk replacers. The last innovation for milk replacers distribution 33 

consists in computerized milking. It recognizes the calves thanks to a microchip applied to their 34 

auricle of the ear and places the daily ration at their disposal divided into several meals. 35 



Computerized milking records the individual milk consumption, rapidly detecting decreasing 1 

intakes often related to a precarious state of health.  2 

 3 

1.3 Milk replacers 4 

 5 

The milk replacers for bovine calf feeding initially consisted of skimmed milk powder and milk 6 

serum with additional animal (butter, suet) or hydrogenated vegetable fat. Subsequently with the 7 

increase in milk and casein prices, soya, distillers’ products, brewers’ dried yeast, alfalfa, fish 8 

and meat have been used as a source of proteins. According to Roy (1984) and Petit et al. (1989) 9 

the “non-casein” protein substitutes determine an increase in abomasal filling resulting in a 10 

reduction in protein digestion in the abomasum and small intestine. In particular, the milk 11 

replacers with soya or its by-products seem to be responsible for decreased HCL, rennin, pepsin, 12 

trypsin and chymotrypsin secretion. Furthermore, the antigenic power of soya should cause a 13 

shortening of the intestinal villi and variations in abomasal and intestinal motility, resulting in 14 

diarrhoea. According to Lalles et al. (1995), a decrease in antigenic activity could be obtained by 15 

using hydrolysed isolate soya proteins. 16 

The protein content of milk replacers usually ranges between 19% to 27% DM, while fat content 17 

between 10% to 25%. Using the so-called “high fat replacers” whose fat content ranges between 18 

20% to 25%, the calves perform better and the incidence of diarrhoea decreases; by contrast 19 

diarrhoea occurs frequently using the “low fat replacers” (fat less than 20%) due to the high 20 

content of lactose (Wijaya Singhe at al., 1984).  21 

The milk replacers are produced either by the spray or the rolled method and homogenised in 22 

order to increase their digestibility; storage and the nutritive characteristics are influenced by the 23 

pH value (fresh milk: 6.6; milk replacers: 6).  24 

In formulating milk replacers for buffalo calves it must be taken into account that buffalo milk 25 

shows a higher Ca/P ratio (Ca 1.8-2 g/kg; P 1.1 g/kg; ratio 1.73) than dairy cows milk (Ca 1.1-26 

1.2 g/kg; P 0.8 g/kg; ratio 1.33) and that the intake capacity of buffalo is lower than that of a 27 

bovine calf (2% vs 2.4-2.8% of DM/100 kg LW). To allow the same concentration per kg of 28 

milk reconstituted at 12-14%, 13-15 g of Ca and 8.5-10 g of P/kg of milk powder DM are 29 

required. The Ca/P ratio during suckling, due to the Vit. D deficiency of milk, is the only factor 30 

which guarantees an optimum absorption of the two minerals. The latter is very important given 31 

that buffalo is classified as a precocious species, reaching adult body composition rapidly with 32 

very swift conclusion of skeletal tissue growth. In particular, the pelvis bones assume shape and 33 

structure influenced in the first period of the extrauterine life; it must be underlined that a non-34 

harmonic development of the pelvis is recognized as a factor which can cause uterine and 35 



vaginal prolapse in buffalo cows and that this pathology hardly exists where natural suckling is 1 

prolonged until 7-8 months of age, whatever diet is fed during lactation or dry periods (Zicarelli, 2 

2000). In addition, in buffalo milk also a higher Ca/protein ratio (0.35 vs 0.42 in bovine and 3 

buffalo milk, respectively) exists, which suggests the function of Ca is not only to promote 4 

rennet coagulation but also to satisfy other physiological requirements. According to Ferrara and 5 

Intrieri (1974) the percentage of colloidal calcium in buffalo milk is about 80% of total calcium 6 

while in bovine milk it is about 67% (Zhu Ping Zhang et al., 1996). Better use of colloidal Ca or 7 

a different requirement for buffalo cannot be excluded. Compared to bovine, buffalo has got a 8 

more developed skeletal apparatus which, as its specific weight diminishes, allows it to swim 9 

more easily in the water, which is why it is called “river buffalo”. In natural suckling conditions, 10 

the different intake capacity between buffalo and bovine calves, penalizes the former for 11 

proteins, lactose, Ca and P intakes (table 1). However the higher lipid intake enhances protein 12 

use in buffaloes, greatly diminishing its amount for satisfying energy requirements. Because no 13 

significant live weight differences exist between the two species, and the skeletal apparatus has a 14 

greater incidence in buffaloes, it can be assumed that the lower Ca intake in buffaloes depends 15 

on a better capacity of absorption due to the higher Ca/proteins ratio in buffalo milk. Comparing 16 

the amounts of colloidal Ca intake/100 kg LW, differences are minimal and advantageous for 17 

buffaloes. 18 

Milk replacers for buffalo calves must be integrated with no more than 5 mg/kg of copper; 19 

Zicarelli et al. (1981) reported episodes of intoxication with high death rate in buffalo calves fed 20 

milk replacers integrated with 20 ppm/kg DM of Cu and 92 ppm/kg DM of Fe. Probably the 21 

unbalanced ratio between the two microelements causes the pathology which does not occur 22 

when buffalo calves are fed milk replacers integrated with 30 ppm/kg DM of Cu and 240 ppm/kg 23 

DM of Fe. 24 

In recent years, use has been made of milk replacers consisting of dried milk sera, serum proteins 25 

and animal or vegetable fat (so-called acid milk), easy to mix in water at room temperature. They 26 

are produced in the medium acid (pH about 5.7) and high acid (pH about 4.2) forms. The first 27 

can be prepared with skimmed milk and their storage is about 24 hours. The high acid form 28 

keeps longer but the complete lack of caseins (milk serum is the best protein source) makes them 29 

suitable only for calves three weeks old (Webster, 1984). One of the main advantages of acid 30 

milk is that it can be fed by grouping the calves from 7-10 days of life, thereby considerably 31 

reducing the time spent on administering feed. Due to ad libitum feeding and the low 32 

temperature of milk, the calf frequently ingests and in small amounts, resulting in beneficial 33 

effects on digestion. 34 



The diarrhoea incidence decreases due to the bacteriostatic action resulting from the low pH. On 1 

the other hand, the higher milk intake leads to high feeding costs. 2 

Milk replacers which are most frequently used for buffalo calves can be distinguished into two 3 

great families: those containing 60% milk, and so having about 45% casein, and those without 4 

milk and casein, prepared essentially with seroproteins. The former ones give better results. In 5 

table 2 the chemical composition of an acidified milk replacer for buffalo calves is reported.  6 

 7 

Table 1. Chemical composition of bovine and buffalo milk as fed and on DM; nutrient 8 

intake as a function of intake capacity.  9 

 Milk (g/kg) Milk (g/kg DM) Intake/100 kg LW 

 

 Bovine Buffalo bovine buffalo bovine buffalo Δ % 

 

DM 122 188 1000 1000 2400 2000  

Protein 31 46 254 245 610 489 + 24.74 

Fat 34 83 279 441 669 883 - 24.24 

Lactose 49 49 402 261 964 521 + 85.03 

Ash 8 10 65.6 53.2 157 106 + 48.11 

Ca 1.2 1.9 9.84 10.11 23.61 20.21 + 16.82 

Colloidal Ca 0.8 1.5 6.9 8.09 15.82 16.17 - 2.15 

P 0.9 1.1 7.38 5.85 17.70 11.70 + 51.28 

Kcal 673 1238 5515 6580 13239 13160 + 6.00 

 10 

 11 

 12 

Table 2. Chemical composition (%) of an acidified milk replacer for buffalo calves. 13 

Water 4.0 

Crude protein 24.2 

Fat 21.0 

Crude fibre 0.2 

Ash 8.0 

N-free extracts 42.6 

Premix for kg: lisin 2%; methionin 0.6%; cistin 0.3%; vit. A 62500 IU; vit. D3 7500 IU; vit. E 80 mg; vit. C 120 mg; 14 

vit. B1 6 mg; vit. B2 10 mg; vit B6 4 mg; vit B12 50 µg; vit K3 4 mg; niacin 40 mg; D-pantotenic acid 30 mg; colin 15 

600 mg; Fe 80 mg; Mn 70 mg; Zn 50 mg; Co 1 mg; Se 0.15 mg; I 1 mg. 16 

 17 
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2. BUFFALO HEIFERS 

 

In many countries the requirements of heifers are not a problem; the heifers stay on pasture, 

often on very poor pasture, or they are fed with straw or with bad hay. But this is not the correct 

and economic approach; in fact, the age of puberty and therefore the reproduction efficiency of 

the herd is affected by many factors: both genetic (breed, sire, etc.) and environmental factors 

(i.e. season, climate, management, feeding, etc.). The age of puberty is particularly influenced by 

the diet energy level that enhances growth and sexual maturity. 

Therefore in some countries, such as Italy, farmers prefer to give the correct diet to heifers 

satisfying the necessary requirements, in order to obtain high daily gains, to anticipate sexual 

maturity, to realize early puberty, early conception and early calving, and thereby reducing the 

unproductive period in the herd. 

In this connection, a series of experiments was performed at the Animal Production Research 

Institute in Rome in order to determine what daily gain is the optimum and with which feeding 

stuffs it is possible to realize such gains, and thereby ascertain, the most efficient system for the 

feeding and management of buffalo heifers in economic terms and in reproduction efficiency. 

 

Experiment 1: Different farms 

 

This first trial (Borghese et al.,1993; Esposito et al., 1993) was carried out at the Tormancina 

farm (TM), 18 km north east of Rome (42° latitude North) and in three other farms (D-J-S) 

situated in the Campania Region of southern Italy (40.5-41° latitude North). The heifers of TM 

farm were housed in open feed-lots and fed unifeed ad libitum (maize silage 55 percent, alfalfa 

hay 17 percent, wheat straw 12 percent, beet pulp 9 percent, soya bean meal 1 percent, brewer 

grain 6 percent, 0.76 Milk FU/kg DM), while in D-J-S farms the animals were fed unifeed 

(maize silage, hay, straw, concentrates) in restricted diets: 4.21-3.73-3.83-Milk FU/day between 

400 and 500 days of age and 5.10-4.42-5.25 Milk FU/day between 500 and 650 days of age, 

respectively, on the three farms. 

 

 

 

Experiment 2:Low and high feeding levels 

 



The heifers were housed in open feed-lots, subdivided in two groups, and fed two different diets 

according to standard requirements in order to obtain 450 g (low level group) or 650 g (high 

level group) daily gains respectively (Terzano et al., 1993; Borghese et al., 1994). The 

forage/concentrate ratios were: 4.42:1 - 2.46:1 respectively in the low level and in the high level 

groups; the diet components were: hay (81.4-70.7 percent respectively), soya bean meal 

(10.1-8.7 percent respectively), maize meal (8.5-20.6 percent respectively). 

 

Experiment 3:Intensive feeding versus grazing feeding 

 

The heifers were housed in feed-lots and randomly assigned to intensive feeding or to the pasture 

system: in the intensive system they received maize silage ad libitum (DM 33 percent, crude 

protein 8 percent, crude fibre 21 percent, 0.85 Milk FU/kg DM), plus hay and protein-mineral-

vitamin supplement; the natural pasture botanical composition was: 50 percent grass, 40 percent 

legume and 10 percent other species (DM 20-70 percent, crude protein 14 percent, crude fibre 30 

percent, 0.50-0.85 Milk FU/kg DM) (Terzano et al., 1996). The trial was repeated for two 

consecutive years taking into account that the pasture could be subjected to variability due to the 

different seasons, so the feeding systems are reported as maize silage 1 - pasture 1 for the first 

year and maize silage 2 - pasture 2 for the following year. Experiments 2 and 3 were carried out 

at the same farm (Tormancina). 

Protein requirements (100-150 g PDI/100 kg live weight) were satisfied in all the trials except in 

the grazing one during the dry season 

 

Experiment 4: Maize silage and unifeed versus grazing feeding 

 

The trial was carried out on 27 Mediterranean buffalo heifers, housed in feed-lots, treated against 

helminthes and randomly assigned to three groups at the average initial age of 8.5-9.0 months 

(Borghese et al., 1997). 

1. Maize silage - nine heifers were fed maize silage ad libitum (DM 33 percent, crude protein 8 

percent, crude fibre 21 percent, 0.85 Milk FU/kg DM) plus hay (about 20 percent on fed maize 

silage) and protein-mineral-vitamin supplement. 

2. Pasture - eight heifers were fed natural pasture (50 percent graminaceae, 40 percent 

leguminosae and 10 percent other species, DM 20-70 percent, crude protein 10-21 percent, crude 

fibre 18-35 percent, 0.50-0.85 Milk FU/kg DM). 

3. Unifeed - ten heifers were fed unifeed (DM 43.7 percent, crude protein 15.3 percent, crude 

fibre 22.4 percent, 0.84 Milk FU/kg DM). 



During each trial the animals were weighed monthly in order to evaluate their growth rate; 

starting from about the thirteenth month of age they were tested every ten days by rectal 

palpation in order to determine the presence of follicle and corpus luteum and to assess the 

development of ovaries, cervix and uterine horns. At the same time blood samples were collected 

and plasma progesterone (P4) was assayed by RIA. Heifers were considered to have achieved 

puberty and cyclic ovarian activity when plasma P4 levels exceeded 1.5 ng/ml for two 

consecutive samples with a low value interval. After two cycles, as confirmed by rectal 

palpation, the heifers were mated. 

 

Results of the four trials 

 

The puberty age of all the reported trials (Table 3) shows a large variability depending on several 

factors. The pre-weaning and weaning systems which had influenced the daily gain obtained 

before the trials started could be important in promoting growth and achieving puberty. In fact, 

considering a mean of 40 kg body weight at birth, the animals that had shown a higher daily gain 

before the trial reached puberty in a shorter time. 

Most of the heifers required a body weight of 380-420 kg to achieve puberty. In this case the 

feeding level plays a pivotal role in order to promote weight gain, and body and sexual growth. 

In experiment 1 on the TM farm, where the heifers received 4.5-5.5 Milk FU/d, all the 30 

animals achieved cyclicity before 20 months at a body weight of 421 kg (679 g/d), while on J 

farm, where the heifers received 3.7-4.4 Milk FU/d, the lowest daily gain (472 g/d) was 

registered and only seven animals (24 percent) achieved puberty before two years. On D farm 

(4.2-5.1 Milk FU/d), where a daily gain of 525 g was recorded, 28 heifers out of 30 became 

cyclic and 25 conceived. Contrary to the other farms, where a constant daily gain was recorded 

for the whole trial period, on S farm 300 g daily gains were recorded up until 500 days with 3.8 

Milk FU/d, after 500 days a high compensative increase (740 g/d) was achieved with 5.2 Milk 

FU/d and all 30 heifers became cyclic and conceived, even if at a higher age (658 d) and at a 

lower weight (358 kg) than on the TM farm. On this farm the best feeding efficiency (7.36 Milk 

FU/kg gain) was executed. This trial showed how a proper feeding level may anticipate the onset 

of puberty and affect the incidence of pregnancies. 

In experiment 2 (Table 3) significantly higher daily gains and more favourable ages and weights 

at puberty were achieved with a high feeding level (5.6 Milk FU/day) than with the low level 

(4.4 Milk FU/day). The feed efficiency in the low and high level diets was about the same. These 

results confirmed the feeding level effect on growth and on body and sexual development and on 

the onset of puberty, as noted by other authors in Swamp heifers in Malaysia (Dollah et al., 



1989), in Nili-Ravi in Pakistan (Chaudhary et al., 1983; Asghar et al., 1983) and in Murrah in 

India (Kaur and Arora, 1989). Most of the animals had cyclic ovarian activity when the first P4 

>1.5 ng/ml appeared. Two buffalo heifers showed ovarian disorders; one persistent corpus 

luteum and one luteinic cyst. In this trial, as in experiment 1 at the same farm (TM), the start of 

cyclic ovarian activity was influenced by decreasing photoperiod with the highest concentration 

in the autumn. Nine animals, born between December and May, achieved puberty from the 

following October to February at about 22 months of age (614 d in the high level group, 686 d in 

the low level group), while 15 heifers, born after May were not able to achieve puberty within 

the favourable season of the following year and delayed ovarian activity until the next autumn, at 

an average age of 27 months (796 d in the high level group, 825 d in the low level group). 

Therefore it was also confirmed in this study that the age at puberty is affected by the season of 

birth. 

In Experiment 3 during the course of the first year (maize silage 1 - pasture 1) significantly 

higher (+42 percent) gains were obtained with the intensive system (693 g/d) than by the grazing 

one (488 g/d). In the second year (maize silage 2 - pasture 2) the differences between the 

intensive and grazing groups were notably reduced: 679 (+6.6 percent) versus 637 g/d, certainly 

due to the better conditions of the pasture and the climate of the second year, which permitted 

constant daily gains similar to that obtained with ad libitum feeding. On the contrary the poor 

pasture of a very hot summer (the first year) halted the heifers’ growth, determining even a 

diminution of their body weight which, however, was followed by a prompt recovery of growth 

in the autumn. In both trials, the puberty age was about the same in the intensive and pasture 

groups (Table 3), due to the balancing growths realized by the heifers on pasture, that were able 

to attain the same body and sexual development during the autumn, the season which normally 

promotes the onset of cyclic ovarian activity. Very early puberty was realized by the maize 

silage group (16 months, 23 days before the pasture group) at 402 kg body weight (22 kg more 

than the grazing one, in the first year), while in the following trial, puberty age was delayed until 

20 months with the maize silage and until 19 months in the grazing one, achieving body weights 

comparable to those of the previous year. Feed efficiency was also about the same and more 

convenient in comparison to that of the previous trials characterized by more intensive feeding 

systems. The grazing system was the most convenient in economic terms. All the animals had 

cyclic ovarian activity, as detected by rectal palpation, when the first progesterone >1.5 ng/ml 

appeared and so the animals conceived at a very early age; less than 20 months (first year) and at 

about 22 months in the second year without variations between groups. 

In Experiment 4, seven heifers from the maize silage group (77.8 percent), seven of the pasture 

(87.5 percent), and all ten animals of the unifeed group achieved puberty within two years of age 



(Table 4). Therefore data are reported on 24 animals. All the animals showed cyclic ovarian 

activity, as detected by rectal palpation and by progesterone assay, when the first P4>1.5 ng/ml 

appeared, without following anoestrous period. No persistent corpus luteum nor luteinic cyst 

were found. 

The heifers in this trial achieved puberty between July and October, due to the favourable effect 

of decreasing photoperiod on cyclic ovarian activity by melatonine intermediate action 

(Borghese et al., 1995). Since these heifers were born in the winter (December-March), they 

showed a longer anoestrous period than heifers born in the spring-summer (May-August), which 

had been utilized in other trials; the latter also achieved puberty in the autumn (October-

December) at a very early age (15-18 months), since these animals had been born near the 

autumn, while the heifers of this trial, born in the winter, achieved puberty at 18-20 months. 

Therefore, as in previous trials, the age at puberty is confirmed to be affected by the season of 

birth. 

 The unifeed group showed higher body weight particularly between 498-550 days of age 

(P<0.05). During this period the animals obtained the maximum average daily gain , that was 

more than 1.0 kg/d, but this group demonstrated another period (366-466 days) with a 600-800 

g/daily gain which is similar to the values attained by the other feeding groups. The maize silage 

group was more uniform in the daily gain during the whole trial (600-800 g/d) and consequently 

for body weight trend. Heifers on pasture showed a minimum daily gain at 366 days (600 g/d) 

during winter when the pasture was poor, but later they realized balancing growths of more than 

1.0 kg/d  at 426 days during the spring when the pasture was rich. At the end of the trial all the 

groups demonstrated the lowest daily gain since body maturity was achieved at about 20 months 

of age and 420 kg of weight. The highest average daily gain obtained with unifeed 

(824 g, Table 4) significantly affected (P<0.05) the age of puberty, which was 17.7 months in 

comparison with 19 on pasture and 20 months with maize silage. The heifers on pasture achieved 

puberty with the lowest body weight (386 kg, Table 4) about 38 kg less than the other groups, 

one month later than the unifeed groups and one month prior to the maize silage group. 

The heifers on pasture achieved these reproductive performances with the lowest cost in terms of 

feeding stuffs and management. 

Six heifers on pasture (85.7 percent) conceived at 668.5 days of age, about 100 days after the 

onset of puberty, 47 days after being bull exposed. One heifer did not conceive within the two 

months with the bull. Seven heifers fed maize silage (100 percent) conceived at 697 days of age, 

about 61 days after the onset of puberty, 56 days after being bull exposed. No heifer with unifeed 

conceived in the same period, though they were bull exposed at 582 days of age for two months, 

but it was due to the bull’s fertility. Therefore the pasture system promoted the best 



performances in buffalo heifers, due to the economy of feeding and management, with 

favourable daily gains and an early age at puberty and at conception. 

The conclusion of these experiments is that the best results are obtained by using unifeed which 

guarantees the integration of different feeding stuffs, this means the optimum of crude protein 

(12-16 percent) and crude fibre (20-24 percent) concentration, good mineral and vitamin content, 

good energetic concentrations (0.76-0.84 Milk FU/kg DM), convenient daily gains (680-800 g), 

the best feed efficiency (5.8-7.0 Milk FU/kg daily gain), early puberty (530-600 days) at a 

correct body weight (400-420 kg) and early conception before two years. 

These results are valid for the Mediterranean Italian Breed, but probably they could be extended 

with some variations to all River breeds. 

The requirements average in heifers, commonly used to prepare diets on Italian farms (Borghese, 

2005), is reported in Table 5. 

More recent experiences were carried out in the MEZOO project, financed by Agricultural 

Ministry of Italy on heifers reared in Rome area , until the onset of puberty, randomly assigned 

to two groups: pasture (PS) and intensive feeding (IF: 34.5% maize silage, 31% hay, 13.8 maize 

meal, 10.9% soya been meet, 9.8% wheat flour on DM basis: 14% crude protein and 0.88 

MFU/kg DM); pasture offered throughout the year 45± 12% grass, 12 ± 9% legume, 29 ± 11% 

composite and 14 ± 5% other species with 0.49 ± 0.11 MFU/ kg DM, 14.6% crude protein and 

3.4% crude fibre. The average age at the beginning of experiments was 223 days and the average 

weight was 133 kg (Terzano et al., 2007a). The onset of puberty occurred at the same mean age  

in both the treatments (599 days vs. 610 days for IF and PS groups respectively), but rearing 

systems significantly affected puberty weight (462 kg and 375 kg respectively, P<0.05), average 

daily gain (870 g/d and 620 g/d respectively, P<0.01) and Body Condition Score (7.65 and 6.15 

respectively, P<0.01). The rearing systems affected too many blood nutritional indicators as 

glucose, NEFA, urea, Ast, LDH, Alt (Terzano et al., 2007b), ovarian size and number of follicles 

(Terzano et al., 2007c).  PS group produced during the milk lactation 2019 kg milk yield vs 1780 

of IF group with intercalving 480 and 528 days respectively and calving weight 567 and 572 kg 

respectively. 

In conclusion pasture management is indicated if the farmer has availability of land to reduce 

costs and to increase animal welfare, but high daily gain (about 800 g) link with an early puberty 

(before 2 years) with a correct hormonal and body growth can be guaranteed by a correct diet 

that satisfy the animal requirements. The best welfare obtained in the pasture produced higher 

milk yield and reduced calving interval, recovering the body weight. 

 

 



Table 3. Performances of buffalo heifers during different trials until puberty (Borghese et 

al., 1996). 

 

Ex. Groups N 

Initial 

age 

(days) 

Initial 

weight 

(kg) 

gain/d 

before 

trial (g) 

Puberty 

age 

(days) 

N 

Puberty 

weight 

(days) 

gain/d 

(g) 

DM/d 

(kg) 

Milk 

FU/d 

Milk FU/ 

kg DM 

Milk 

FU/ 

kg 

gain 

1 TM 30 371 274a 631A 598 30 421a 679a 6.5 5.00 0.76 7.36 

 D 30 383 267a 593A 612 28 392ab 525b 6.1 4.65 0.76 8.86 

 J 29 385 235b 506B 624 7 385ab 472b 5.5 4.09 0.75 8.66 

 S 30 372 204c 441C 658 30 358b 538b 6.6 4.61 0.70 8.57 

2 
Low 

level 
12 237 143 435 767 12 388 465b 6.4 4.42 0.69 9.50 

 
High 

level 
12 241 141 419 736 12 410 562a 7.3 5.56 0.76 9.89 

3 
Maize 

silage 1 
6 319 280 752 490 6 402 693a 5.1 4.34 0.85 6.09 

 Pasture 1 4 333 285 736 513 4 380 488b 5.8 3.92 0.67 7.41 

 
Maize 

silage 2 
9 132 107 508 602 9 426 679 5.8 4.93 0.85 7.26 

 Pasture 2 8 138 109 523 569 8 387 637 6.5 4.65 0.70 7.30 

 

Different letters in the same column of the same trial mean significant differences between 

groups for P=0.05 



Table 4. Weight and age at puberty, feeding efficiency in buffalo heifers (Borghese et al., 

1997). 

 

 
Maize silage 

 

Pasture 

 

Unifeed 

 
RMSE 

Initial age (d) 267 260 258 28.236 

Initial weight (kg) 195.8 164.7 197.2 37.919 

Weight at puberty (kg) 425.7 386.6 423.1 38.130 

Age at puberty (d) 603a 569ab 532b 39.361 

Daily gain (g) 684 718 824 0.088 

DM (kg/d) 5.8 6.5 5.7  

Milk FU/d 4.93 4.65 4.80  

Feed efficiency Milk 

FU/kg 
7.21 6.48 5.83  

 

Different letters mean significant differences for P<0.05 



 

Table 5. Average requirements in Italian heifers (Borghese, 2005) 

  

 

WEIGHT (kg) 

100-200 200-300 300-400 400-500 

Dry Matter kg  3.5-4.5 4.5-7 7.9-9 9.5-11 

Crude protein % DM 15-16 15-16 15-16 13 

Neutral Det. Fiber % DM 35 35 38 40 

Mcal/kg DM 1,4 1,4 1,4 1,3 

Calcium % DM 0,6 0,6 0,48 0,45 

Phosphorus % DM 0,4 0,4 0,32 0,3 

vitA UI/kg DM 3000 3000 3400 3200 

vit D UI/kg DM 1100 1100 1300 1200 

vit E UI/kg DM 31 31 34 32 

 

 

 

3. DAIRY BUFFALO COWS 

 

 

3.1. Dry matter intake 

 

As regards dry matter intake (DMI) very variable values are attributed to buffalo. Ranjhan (1992) 

reported DMI equal to 2.2-2-6% LW in lactating cows, the latter according to Bertoni (1992) and 

Verna (1993). In lactating buffalo cows, Di Palo (1992) found values ranging between 2.7 and 3.4 

kg DM./100 kg of LW. Campanile et al. (1997) reported that, with diets characterised by NDF/DM 

ranging between 45 and 49%, DMI/kg corrected milk (ECM: 740 kcal) amounts to 275 g in 

addition to what required for the maintenance (91 g/kg metabolic weight). It means that, despite a 

high presence of cellular walls, DMI results similar to that of dairy cows, when it is referred to 

ECM yield. According to Zicarelli (2001) the intake levels result unchanged also decreasing the 

fibre fraction in the diet or they could be depressed using high fermentable feeds which cause 

increase of glicemic values. As in dairy cow, also in buffalo cow DMI is lower in the first 50 days 

of lactation resulting in live weight loss. However, the lower catabolic activity of buffalo determins 

a reduction of milk production, when nutritive requirements are unsatisfacted. Very recently, 

Bartocci, Terramoccia and Tripaldi (2012) found in dairy buffaloes fed diet with 0.94 UFL/kg DM 

and 15.8% CP/DM, the highest voluntary DMI (equal to 17.4 kg) at 136 days of lactation.  

Buffalo DMI appears more homogeneous during the day than that of bovine, particularly with diet 

containing high level of fiber fractions, likely because of the more extended mastication (Mc 



 

Sweeneg et al, 1989; Kennedy, 1990; Bhatia et al , 1994; Kennedy, 1995). In addition buffalo 

intakes more quickly thanks to better developed incisive (Campanile et al., 1997). These last 

observations and the more fast degradation of the larger particles in buffalo rumen found by 

Kennedy et al. (1993) confirms the results of this author concerning the higher rate of passage in 

buffalo rumen-reticulum of swamp buffalo than of bovine. However, according to Bartocci et al. 

(2003), buffalo shows higher rate of passage only in the caecum-colon, wherease in rumen-

reticulum the feed retention time results higher than in bovine.  

As regards the rumen microrganism activity, Infascelli et al. (1993a, 1993b, 1994, 1995), Di Lella 

et al. (1995) and Kennedy et al. (1993) in in situ trials carried out with the nylon bags technique, 

reported a costantly higher degradation rate of proteins in buffalo than ovines and bovines. Calabrò 

et al. (2004), by the in vitro gas production technique demonstrated a higher organic matter 

utilization for the rumen microrganism growth and synthesis in buffalo than in bovine.  

  

3.2. Energy, protein and mineral requirements  

 

In Italy, the method proposed by the researcher of the INRA (1988) is largely used for estimating 

the energy requirements for milk (UFL, Unité Fourragère Lait = 1700 kcal of net energy) and meat 

(UFV, Unité Fourragère Viande = 1820 kcal of net energy) production.  

According to Zicarelli (1990), Proto (1993) and Di Lella (1996) the buffalo cow energy 

requirements for maintenance is estimated by the following equation: UFL= 1.4 + 0.6*100 kg LW. 

Zicarelli (2001) suggest 15% supplementation in function of the walking which varies according to 

the available space and of hierarchy in the group. Other factors to take in account are the BCS - at 

same weight, the higher is BCS the greater is the maintenance requirement due to the 

predominance of fat in the composition of live weight - and the thermoregulation. Indeed, buffalo 

tropical origins, causes high variation in the endocrine system particularly in cold areas, as 

confirmed by the high values of thyroid hormones found in winter in buffalo cows bred in the 

mountain foothills by Campanile et al. (1993).  

As regards milk production requirements, due to the high variability in fat and protein percentage of 

buffalo milk, the latter is corrected as ECM (Energy Corrected Milk) (740 kcal) by the following 

equation (Di Palo, 1992): Y = 1 + [(X-4) + (Z-3.1)] 0.1155, where: Y = kg ECM; X = fat % and Z = 

protein %, of the examined milk. Field trials (Di Palo, 1992, Bertoni et al., 1993, Di Lella, 1996, Di 

Lella et al., 1997, Romano and Infascelli, 2001) have shown that about 0.5 UFL are required to 

produce 1 kg ECM. However, Zicarelli (2001) suggests value of 0.44 UFL/kg ECM as for dairy 

cows, because at the maintenance requirements should be additioned: the energy for the weight 

recovery (mainly in the second phase of lactation, to reconstitute 1 kg of LW, 4.5 UFL occur) and 



 

the possible increase in live weight; the energy required in not favourable environmental conditions 

(climate, hierarchy, etc.). Amante et al. (2003) in a trial carried out on 15 buffalo farms registered a 

productive energy requirements equal to 0.46 UFL/kg ECM. Infascelli et al. (2003) reported in the 

first phase of lactation an average weight loss equal to 1.6% and 3.8% in primiparous and 

pluriparous buffalo cows, respectively. The energy required for ECM production was equal to 0.44 

UFL. 

Protein requirements for maintenance suggested by Ranjhan (1992) range between 2.54 and 2.84 g 

of digestible proteins (PD)/kg MW, similar to those reported by Proto (1988): 0.6 g PD/kg LW. 

Zicarelli (2001) suggests 700 g CP for buffalo cows weighing 650 kg equal to around 400 g PDI 

(protein truly digestible in the small intestine, INRA system). For the weight recovery this author 

reports a requirements of 300 g PDI, equal to around 500 g CP/kg.  

Concerning the protein requirements for milk production the following amounts are reported: 2.74 g 

CP/g of milk protein (Zicarelli, 2001); 2 g PDI/g of milk protein (Di Lella, 1996).  

As regards the diet protein quality, Campanile et al. (2003) have effected a study aimed to ascertain 

the influence of CP digestibility in the rumen on the quantity and quality of milk production and 

reproductive performance, blood (BU) and milk (MU) urea, haematological profile and vaginal 

mucus urea, ammonia and potassium of buffalo cows. Lactating buffaloes (n = 84), 60 days in milk, 

were randomly subdivided into Group C (control, n = 42) and Group T (fed diet supplemented with 

Aspergillus oryzae, n. = 42). The diet supplemented with Aspergillus oryzae showed in three 

fistulated buffalo a decrease (P<0.01) in protein digestibility in the rumen (79.3 vs 45.9%). No 

differences were registered in productive performance. Nine buffaloes not in oestrus per dietary 

treatment (Groups T1 and C1), 30 days in milk, were used to study the haematological profile and 

to determine milk urea and ammonia in the vaginal mucus. Animals in Group T1 had higher 

ammonia values in blood (P<0.01) but not in vaginal mucus than Group C. A relationship was 

found between MU and BU. MU was influenced by CP intake and dry matter intake. No differences 

between the treatments were observed in reproductive performance and the conception rate and 

calving interval were 37.9% and 41.4% (90 trial-day) and 449 and 419 days respectively in Groups 

T and C. Reproductive performances was not influenced either by high levels of BU or by blood 

ammonia levels, though the latter were higher in group fed diet supplemented with  Aspergillus 

oryzae. 

The results of the latter trial disagree to those reported by Infascelli et al. (1997) which registered a 

significant increase in milk yield after the supplementation with Aspergillus oryzae to the diet (kg 

ECM 30.7 vs 28.1; P<0.01). The different findings could be due to the very high productive level of 

buffalo cows used by these Authors.  



 

In the last years the Cornell Net Carbohydrate and Protein System (CNCPS), has been proposed by 

some researches of the Cornell University (Ithaca, NY) (Russel et al., 1992; Sniffen et al., 1992; 

Fox et al., 1992; O'Connor et al., 1993) to express energy and protein values for ruminant diets and 

their corresponding requirements.  

The CNCPS aims to calculate animal requirements according to many variables (genetic type, 

physiological state, breeding environment, environmental management) and to estimate the yield of 

the absorbed nutrients depending on digestive and metabolic changes due to the quantity and quality 

of the ingested dry matter. Subsequently, it is possible to balance the diet and optimise its use in 

order to reduce metabolite excretion (urea and methane) responsible for increased environmental 

pollution. For this purpose the CNCPS: a) allows feedstuff proteins and carbohydrates to be 

fractionated according to their response to rumen micro-population activity; b) calculates the 

carbohydrates and proteins that are actually demolished in the rumen and the fractions that, on the 

other hand, escape the pre-stomachs almost undamaged, considering the rumen fermentation rate 

and the rate of passage of the feed particles in the rumen-reticulum; c) estimates the net energy and 

the quantity of aminoacids absorbed by the animal at the intestinal level (derived from microbial 

and food protein). 

The CNCPS subdivides feed protein and carbohydrate by chemical composition, physical 

characteristics, rumen degradation, and post-rumen digestibility characteristics. Protein is portioned 

into five fractions: A (non-protein nitrogen, immediately degraded), B1 (soluble true protein with 

fast degradation rate), B2 (true protein with intermediate degradation rate), B3 (true protein with 

slow degradation rate) and C (bound true protein) and four carbohydrate fractions: A (sugars with 

fast fermentation rate), B1 (starch with intermediate fermentation rate), B2 (available cell wall with 

slow fermentation rate) and C (unavailable cell wall). The CNCPS reports dietary energy value as 

net energy for maintenance (ENm), growth (ENg) and lactation (ENl) and the protein value as 

metabolizable protein (MP) calculated by subtracting the nucleic acid content of the bacterial 

protein from the digestible proteins at intestinal level (feed and bacterial origin). Although, as the 

same proponents indicate, the CNCPS need further investigation, the system is so being widely 

used, thanks to the commercialization of computerised rationing programs such as CPM-Dairy 

(1998). 

Thus, Bovera et al. (2000) evaluated, within the framework of researches aiming to optimise ration 

for lactating buffaloes, the productive performance of buffalo cows fed ad libitum with 3 diets 

formulated attributing different energy and protein to produce 1 kg ECM, using the CPM-Dairy 

program. Data obtained from this study indicate a net energy requirements of 3.56 MJ/kg ECM and 

that the adsorbed proteins available for production have a 50% conversion efficiency into milk 

proteins.  



 

Successively, Bovera et al. (2002) effected a research aimed to compare the CNCPS with the INRA 

(1988) methods for expressing dietary energy and protein value and corresponding requirements. 

Trial was performed on buffalo cows that, from the 5
th

 month of lactation, were fed two total mixed 

rations which, given the same intake, should have led to satisfaction of protein requirements though 

with a slight energy deficit or excessive amounts of energy and protein. The authors concluded that 

due to the high variability in the Italian Mediterranean buffalo’s milk production aptitude, it would 

be premature to express a judgement on methods which rest on a common scientific base and do not 

differ substantially. 

On the basis of the results of Bovera et al. (2000), Calabrò et al. (2003) carried out a study on six 

farms monthly registering the production of 10 animals (changing every time) and chosen at 

different lactation days (5 categories): < 2 months (A), 2 - 4 months (B), 4 - 6 months (C), 6 - 8 

months (D), > 8 months (E). NEl and MP requirements were estimated with two methods: 1) using 

CPM-Dairy that considers produced milk, fat and protein content, lactation phase and body 

conditional score as main factors; 2) by applying the theory that to produce 1 kg of energy corrected 

milk, the buffalo needs 3.56 MJ of NEl and to convert into milk protein the absorbed aminoacids 

efficiency is 50%. As regards energy, with method 1 the requirements were satisfactory starting 

from category A (4 out of 6 farms) and category B (5/6 farms); however, a surplus resulted for 

category E (5/6 farms). With method 2 a deficit in category A (5/6 farms) and B (3/6 farms) was 

observed, while the energy requirements were satisfied for all categories except E, where on only 

one buffalo farm had a surplus of energy intake. As regards protein, with method 1 the requirements 

were substantially satisfied for all the categories except E (3/6 farms); with method 2 the MP trend 

was much less favourable than with method 1. Indeed, a protein deficit was observed for all animals 

in categories A and B (5/6 farms). Moreover, on one farm the protein intake never satisfied animal 

requirements. The authors concluded that the use of the CNCPS to characterise diets for lactating 

buffalo and to calculate their requirements led to satisfactory results. By contrast, they cannot say 

the same for method 2, which applies a lower use efficiency of NE and MP for lactation in buffalo 

compared to cow.  

As regards the mineral requirements, it has to be underlined that buffalo milk is richer than bovine 

milk of Ca (g 1.8-2 vs 1.1-1.2) and P (g 1.15-1.3 vs 0.85-0.95). Thus per kg of milk 5.3-5.8 g of Ca 

and 2.2-2.5 of P are required and additioned to maintenance requirements: g 6.5 and 5/100 kg LW 

for Ca and P, respectively. In the dry period, on average 4 months long, the P requirement or better 

the dietary Ca/P ratio is particularly important. A daily 10 g deficit of P or Ca causes a total 

reduction of 1.200 g which represent the 24% of P and 13.3% of Ca contained in the bones. This 

deficit is responsible, together with other factors, of vaginal and uterus prolapse which represent a 



 

more frequent pathology of buffalo cow post-partum. It is always worth to know the percentage of 

the two minerals in forage so as to ensure at least 45 g of Ca and 50 g of P. 

 

3.3. Feeding strategies for milk high quality 

 

In order to guarantee high quality of milk for “Buffalo Mozzarella from Campania” production, the 

Protection Consortium of this cheese has instituted a Technical-Scientific Commission to issue a 

code (CTMBC, 2002) for hygiene and feeding management of buffalo breeding. As regards 

feeding, the Commission, together other general suggestions, has indicated the diet parameters, 

reported in table 6, in function of productive level, the latter expressed as normalised buffalo milk 

(LBN: 8.30% fat and 4.73% proteins)  

 

 

Table 6. Dry matter (kg/d) and chemical-nutritive characteristics (% DM)of diet suggested for 

group feeding (650 kg LW) in function of  productive level. 

 

 LBN (kg/d) 

 <6 6 7 8 9 10 11 12 

DM 13.3 14.2 14.7 15.1 15.6 16.1 16.5 17.0 

ED 0.75 0.79 0.82 0.84 0.86 0.88 0.90 0.92 

CP 13.0 13.9 14.3 14.6 15.0 15.3 15.6 15.9 

NSC 25.0 27.0 28.0 29.0 30.0 30.0 31.0 32.0 

NDF 52.0 47.0 46.0 44.0 43.0 42.0 40.0 39.0 

Ca 0.73 0.78 0.80 0.82 0.83 0.85 0.86 0.88 

P 0.3 0.39 0.40 0.40 0.42 0.42 0.43 0.44 

LBN: normalised buffalo milk (8.30% fat and 4.73% proteins). 

ED: energy density (UFL/kg DM); NSC: non structural charboydrates 

from CTMBF (2002) modified. 

 

 

 

 

 

 

 



 

4. BUFFALO AS MEAT PRODUCER 

 

4.1 Calves 

 

World-wide, the growing request for animal proteins for human consumption has given rise to the 

potential improvement of buffalo meat production. The market interest in buffalo meat has 

progressively increased also in the developed countries, like Italy, due to the negative trend towards 

bovine meat consumption, which has worsened due to the BSE scare. However, until few years ago 

only very young surplus male calves, and buffalo cows or bulls at the end of their productive career 

have been slaughtered. In the first case the quantity of meat was scarce, in the second the poor 

quality gave little market  value to this product. In the following chapters, the results of researches 

effected on buffalo as meat producer as well as concerning suggestions for different growing phases 

will be reported. 

Many researches have been effected in order to substitute buffalo milk with replacers without 

affecting the growth and welfare of calves. According to Arora et al. (1974), complete substitution 

results in a significant reduction in the growth rate. Abou-Hussein and Raafat (1962) found a lower 

(18% less) growth rate in buffalo calves fed bovine milk compared to buffalo milk.  

In Italy many studies have been carried out on milk replacers and on pre-weaning techniques for the 

purpose of producing buffalo meat from young animals. Since 1963, the first systematic research on 

the artificial suckling of the buffalo calf has been conducted at the Zootechnic Institute (today 

Department of Zootechnic Science and Food Inspection, section B. Ferrara, DISCIZIA) of Naples 

University, Faculty of Veterinary Medicine. 

The research was effected on male buffalo calves, after colostrum administration, which were raised 

until the weight of 150 kg. The use either of cattle milk or of a milk replacer was efficient in terms 

of physiological aspects and proved to be very profitable. Compared with buffalo milk, employing 

cattle milk and milk replacer yielded savings of 28% and 60%, respectively. In order to grow 1 kg 

of live weight, the animals required 6772, 7084 and 7875 calories, using buffalo milk, bovine milk 

or milk replacer, respectively. The employed milk replacer contained a higher lipid concentration 

compared to that usually administered to bovine calves. Daily weight gains and slaughter yields 

registered in buffalo calves fed with milk replacer were 0.973 kg/59.28% vs 1.103 kg/59.40% and 

0.987 kg/59.06% obtained in the groups fed with buffalo or cattle milk, respectively (Ferrara et al., 

1964). The chemical and bromatological characteristics of meat were similar in the different groups. 

In addition, the quality was always good: the meat was judged to have very appreciable tenderness, 

flavour and juiciness according to subsequent trials (Ferrara et al., 1969). 



 

Similar results on the growth index of buffalo calves in the first months of life were reported by de 

Franciscis et al. (1970). Employing a milk replacer with a fat/protein ratio similar to that of buffalo 

cow milk, Romita and Dias da Silva (1975) obtained the same daily weight gains in male (kg 0.919) 

or female buffalo calves (kg 0.933) until the final weight of 220 kg, utilizing respectively 1.74-1.71 

kg milk/kg growth. 

Tripaldi et al. (2001) compared the performance of three groups of male and female buffalo calves 

fed acid milk replacers for bovine (group 1, concentration: 12.5%) or for buffaloes (group 2, 

concentration: 18%; group 3, concentration: 22%). Calves, which had free access to hay and 

concentrates, fed milk replacers ad libitum until 4 weeks old; subsequently the amount decreased 1 

litre per week until the 8
th

 week and, starting from the 9
th

 week until weaning (effected when calves 

intook at least 1 kg of concentrate and/or when birth live weight doubled), 3 liters/head/day were 

administered. The trial was divided into three experimental phases: A: ad libitum administration; B: 

rationing of milk replacers; C: beginning of hay and concentrate intake. The initial weights of 

groups were different due to the fact that calves were born during a two-months period and they 

were assigned alternatively to the different groups, also according to sex. The intake of milk 

replacers was significantly higher for group 1 decreasing as its concentration increased; the intake 

of milk powder was the lowest for group 1 and highest for group 2 (0.75, 1.09, 1.01 kg, for groups 

1, 2 and 3 respectively). As reported in table 7, the daily weight gain (DWG) was significantly 

lower for group 1 during the A and B phases, reaching the values of other groups during the third 

phase. In any case, considering the whole trial, group 1 showed the worst results. Group 3 had the 

most favourable DWG even if the differences with group 2 were not significant. The feed 

conversion index (FCI) during the phase A was significantly higher for group 1 (1.86, 1.29 and 

1.19, for group 1, 2 and 3, respectively) and also during the whole trial. The milk replacers for 

buffalo at 22% of concentration showed the best results. 

Table 7. Performance of buffalo calves fed milk replacers for bovine (1) or for buffaloes (2: 18%; 3: 

22%) (Tripaldi et al., 2001). 

 IW WW WA TDWG ADWG BDWG CDWG FCI 

1 49.00a 99.63 94.25a 0.567b 0.659b 0.465b 0.526 2.34a 

2 40.75ab 98.63 76.00b 0.831a 1.160a 0.877° 0.497 1.67b 

3 37.25b 95.75 73.75b 0.891a 1.178a 0.715ab 0.670 1.58b 

 42.33 98.00 81.33 0.763 0.999 0.686 0.564 1.86 

ds 5.791 7.453 9.94 0.1382 0.1937 0.1810 0.188 0.144 

IW: initial weight (kg); WW: weaning weight (kg); WA: weaning age; TDWG: total daily weight gain (kg); ADWG: 

daily weight gain during phase A (kg); BDWG: daily weight gain during phase B (kg); CDWG: daily weight gain 

during phase C (kg); FCI: feed conversion index (DM/DWG) 

a,b: P<0.05 



 

Due to the European Community law (EC Reg. 2821/98) which forbids the use of antibiotics for the 

milk powder preparation, Roncoroni et al. (2001a) carried out research to ascertain the influence of 

milk yeast addition to the milk replacers on growth performance, health and the metabolic profile of 

buffalo calves. The subjects, 7 days old, were divided until weaning into groups R (fed hot milk 

replacer), F (fed hot milk replacers with an additional 20 g/head of lyophilized milk yeast only for 5 

days after colostrum intake) and Y (fed hot milk replacers with an additional 125 ml/head twice a 

day of a yogurt prepared by dissolving the same lyophilized yeast in buffalo milk). The calves of 

groups F and Y showed a lower incidence of respiratory problems, confirming the efficacy of 

probiotics to prevent these pathologies. Group Y showed a higher incidence of naturally resolving 

gastro-enteric pathologies and better hydration of skin and mucosae confirmed by the lowest values 

of hematocritus (Roncoroni et al., 2001b). These conditions positively influenced the growth 

performance of group Y, which was significantly (P<0.05) higher than those of group F (DWG: 

0.75 kg vs 0.61). In any case group Y showed better growth performance also compared to group R 

(DWG: 0.73 kg), demonstrating the efficiency of milk yeast as an alternative to antibiotics. 

Failla et al. (2001), aiming to obtain high quality meat from buffalo calves fed only milk until 

slaughtering, compared two types of milk replacers: the first containing 60% of skimmed milk 

(group R), the second based on cereals and soya (group V). The milk replacers were fed for 3.5 

months at 18% concentration (phase C), subsequently for 2.5 months at 20% concentration (phase 

F).As reported in table 8, during the first phase group V showed significantly lower intake of milk 

replacers, due to its lower palatability, resulting in 30% of DWG. Even if the subsequent DM intake 

of group V was higher, the total DWG was higher for group R. The dressing percentage, and the 

conformation and fat scores were higher for group R, which also showed more favourable carcass 

composition. On the other hand group V showed significantly higher incidence of fore quarter 

(table 8). 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 8. Milk replacer intake, growth and slaughtering performance, carcass composition 

(Failla et al., 2001). 

 C Milk C DWG F Milk F DWG T DWG FCI 

R 164.27 a 0.917 a 168.34 1.007 a 0.954 a 1.96 b 

V 127.96 b 0.641 b 191.18 0.876 b 0.782 b 2.19 a 

 Carcass kg Dressing % CS FS 

R 112.9 a 52.28 a 6.1 a 5.6 a 

V 89.9 b 51.30 b 5.4 b 4.4 b 

 Fore quarter% Meat % Subcut. Fat % Interst. fat % Bone% 

R 48.9 b 60.35 7.05 a 6.45 23.33 b 

V 50.2 a 60.14 5.26 b 5.83 25.25 a 

C Milk: intake during C phase (kg DM); C DWG: daily weight gain during C phase (kg); F Milk: intake during F phase 

(kg DM); F DWG: daily weight gain during F phase (kg); T DWG: total weight gain (kg); FCI: feed conversion index 

(kg DM/weight gain); CS: conformation score; FS: fat score 

a,b: P<0.05 

 

 

 

5.2 Weaning 

 

Usually bovine calves are fed milk up to 55-60 days; starting from 30-40 days, the amount of milk 

is halved and the calves are fed once a day or with diluted milk, in order to encourage the intake of 

solids. The latter practice should not be adopted before the calf has begun to intake the starter 

concentrate. However some farmers wean bovine calves less than 4 weeks old, mixing the 

concentrate with the milk.  

Salama and Mohy El Deen (1993) showed that, by feeding buffalo milk (10% body weight), buffalo 

calves consuming 0.7 kg DM of solids/head/day could be weaned at 56 days of life.  

Ferrara and coll. (1964) studied the pre-weaning of buffalo calves administering alfalfa hay and a 

pellet concentrate, starting from the third week of age. The results showed a significant intake of 

solid feed starting from the 40th day of age, only rapidly increasing intake until complete weaning 

was achieved by the second month of life. The buffalo calves raised until 6 months of age reached 

an average weight of 175 kg with a daily gain of 0.816 kg. For each kg of growth 2.70 UF were 

administered, giving a slaughter yield of 50.6% . 



 

Nour and Tag El -Din (1991) conduced an experiment on 24 male buffalo calves divided into two 

groups fed with different starter (cooked and uncooked). Each group was divided into two sub-

groups, the first starter supplement with 3.5 g of protected methionine and the second starter fed 

without methionine. The results showed that the cooked starter increased the daily gain and feed 

efficiency more than the uncooked. The addition of protected methionine significantly increased, 

daily gain (g 430 vs g 400 in the first group; g 410 vs g 340 g in the second group) in every case. 

Palladino et al. (1993), effected two subsequent studies: in the first trial, the effects were evaluated 

of two intake levels (g 825-842 vs g 935-936 of DM) of acidified milk replacer and of two 

administration periods of buffalo milk (<10 vs 20 d) on the intake and growth rate of 53 buffalo 

calves (also fed with hay starting from the 15th d and with concentrate from the 30th d) from 10 to 

60 days of age. Dry matter intake depended on the dry matter content of acidified milk replacer and 

not on that of hay plus the concentrate. Feeding costs were higher for calves fed for 20 d with 

buffalo milk than for those that had the highest level of acidified milk replacer DM intake; the latter 

also showed a higher weight gain (g 670 vs g 614). In the second trial the effects were assessed of 

weaning begun at 45 d (with a reduction of 31% of acidified milk replacer DM). In the 10-60 d age 

period, this technique decreased daily feeding costs but did not reduce the cost of weight gain. Dry 

matter intake until 45 d of age depended on DM of the acidified milk replacer; in the 45-60 d period 

the calves given less acidified milk replacer showed a daily intake similar to that of the controls. 

Between 60 and 80 d of age the subjects that were weaned gradually transformed dry matter better 

than subjects weaned brusquely at 60 d. 

Di Lella et al. (1998), in a trial aiming to verify the influence of the feeding programme on growth 

dynamics of young buffalo bulls, divided 24 seven-days-old buffalo calves old according to a 2 x 2 

factorial design: two weaning ages (63 d vs 84 d); two weaning concentrates (CP 17% vs 14%; 

starch 37% vs 29.6%, as fed). The calves of groups A and B, weaned at 63 d, received until 42 d 6 

l/head/d of acidified milk replacer, in the ratio of 180 g/l of water. Subsequently, the replacer 

amount was gradually decreased, administering the same volume. The animals of groups C and D 

received, until 56 d 8 l/head/d of the same milk replacer, but in the ratio of 140 g/l. Also in this 

case, leaving the volume unchanged, the replacer was gradually decreased. Roughly chopped alfalfa 

hay and weaning concentrate were available from the fifth week; corn silage was administered 

starting from 70 d. After weaning, the animals were fed ad libitum hay and corn silage; the 

concentrates were administered in the amount of 12 kg/d/group. The weaning age did not influence 

performance. By contrast, the weaning concentrate strongly affected the growth dynamics in the 

first 6 months: in this phase the concentrate with higher protein and starch content had better 

results. However, in the subsequent period (6–16 months) because of compensative growth, 

improved performance was obtained using concentrates with less favourable characteristics. These 



 

observations suggest that concentrate with higher protein and starch content have to be administered 

during the weaning, when the calves are destined to be slaughtered at lower weights compared to 

those reached in this trial (400 kg); otherwise it could be opportune to administer the protein-poor 

concentrate in order to contain feeding costs.  

Esposito and Di Palo (1997) reported a comparison between two groups of buffalo calves, both 

weaned at 60 days that, starting from 45 days, received 0.617 kg DM of milk replacers + hay and 

starter concentrate ad libitum (group T1) or 0.416 kg DM of milk replacers + hay and starter 

concentrate in a ratio of 25:75. In the 10-60 day period the DWG of group T1 was significantly 

higher (LW at 60 days: 75 kg vs 64 kg). In the post-weaning period (60-80 days) the DWG was 

higher for calves of group T2 (0.701 kg vs 0.471 kg) since they where able to intake 1 kg of starter 

concentrate for the 60
th

 day while group T1 reached the same level of intake on average 5 days 

later. However, it was not advisable to decrease drastically the milk supply at 45 days, because 

buffalo calves of group T2 were in any case underweight and needed a long time to overcome the 

shortfall occurring during the first 60 days of life. Although the drastic reduction of milk 

administration at 45 days allows an increase of concentrate intake, inadequate rumen development 

can result in a less efficient feed utilization with clear deficiency signs such as shaggy hair and/or 

disharmonious body development.  

Cutrignelli et al. (2003a) carried out a study on 14 buffalo males divided into two groups, aimed to 

bring forward the weaning age and thus reduce the administration of milk replacer. Subjects of 

group A (weaned at 30 d) from birth were housed in individual boxes and fed until 15 d according 

to husbandry practice: colostrum in the first day, 4 l/head/d of milk replacer, in the ratio of 200 g/l 

of water subdivided into two meals a day. From the 16th day of life the milk replacer administered 

was gradually reduced by 1 litre every 5 days. From the second week the subjects received chopped 

(1-10 cm long) rye-grass hay and weaning concentrate (M1: CP 14.5% and 0.91 UFV/kg as fed). 

From 51 d of age, animals were trensferred ia a collective box and the weaning concentrate was 

replaced by starter one (M2: CP 14.9% and 0.9 UFV/kg as fed). Group B was reared as follows: 

housed in individual boxes for the first 3 weeks of life, subsequently in a collective box. The 

animals received 4 l/head/day of milk replacer until 35 d, after which the quantity was gradually 

reduced by a litre every 5 days to be weaned completely at the age of 50 days. When the subjects 

were removed into the collective box they began to receive M2 concentrate and rye grass hay ad 

libitum.. From the age of 51 days both groups were raised in the same way. Daily individual 

consumption (g/d) of M1 concentrate for the A group varied considerably (1-15 d: 96.61  88.69; 

15-31 d: 226.4  95.26; 31-51 d: 834.63  237.81). In the subsequent growth stage, the hay and M2 

concentrate daily consumption for group A were 3.02 and 9.51 kg/d, respectively. Hay consumption 

in group B was slightly higher (3.41 kg/d) than that of group A, although group B recorded a much 



 

lower concentrate intake (6.89 kg/d). Group A live weights and weight gains in the different periods 

were lower than those in group B, although the differences never being statistically significant. In 

the first 3 months of age all the subjects had low weights and weight gains, due to the scarce quality 

of hay. Successively (Cutrignelli et at., 2003b), they showed a compensatory growth and the 

performances were improved (DWG in the period 180-210 d of age: 963  158 g vs 839  109 g/d , 

for  group A and B, respectively). 

In the light of the above research, the weaning of buffalo calves should depend on live weight; 

according to Zicarelli (unpublished data) the best moment is when the calf reaches 75 kg LW. This 

means that feeding costs for raising buffalo are higher than those for bovine calves. The amount of 

hay and concentrates consumed before 45 days appears insufficient to significantly reduce the 

intake of milk replacers, which is more expensive. Ideal management comprises the formation of 

groups of 8-12 weaned calves of the same age and weight with at least 3 m2/head of space and fed, 

until 3 months old, 1-1.5 kg of starter concentrate plus unifeed and long hay ad libitum. The 

chemical composition of the unifeed (consisting of corn silage, hay and concentrate) should be the 

following: CP 150 g, NDF 400 g UFL 0.9, on dry matter basis. Between 3 and 8 months of age, the 

administration of starter concentrate can be suspended and the young buffalo can be fed 3.6 kg DM 

of the above described unifeed plus hay ad libitum.  

An innovative method to obtain “biologic” young buffalo bulls could be the cow-calves system 

adopted in Brazil (Campanile et al., 2001). The utilization of dairy cow at the end of her productive 

career to wean two buffalo calves should be financially more favourable. This should produce 

economically more favourable results also compared with to the administration of milk replacers, 

thanks to the compensation for the nurse by the EU. Because of sanitary reasons (inter-species 

transmission of infective diseases) the system should be utilised in stalls outside dairy farms.  

 

5.3. Buffalo young bulls 

 

In Italy, many researches have been effected in the University Federico the 2
nd

, Naples, aiming to 

individuate the best age and weight for slaughtering, whose results are summarized in table 9 

(Ferrara and Infascelli, 1994).  

Buffaloes reached the average weight of 338 kg in 1 year; between 6 months -1 year the daily 

weight gain was 0.904 kg, the slaughter yield was 52.70% and the meat/bone ratio was 4.50. 

Compared with bovine calves at the same age, buffaloes presented a strong negative influence of 

hooves and, particularly, of skin (2.8% and 13.5%, respectively). Both castrated and unalterated 

subjects were utilized to produce buffalo weighting over 400 kg feeding rations rich in cereals and 

poor in crude fibre (nutritive value: 1.84 UF/100 kg of live weight). The weight of 440 kg was 



 

reached around 16 months of age with an average daily gain of 0.883 kg for the entire vs 0.851 kg 

for the castrated. To grow 1 kg of liveweight the entires consumed 5.59 UF while the castrates 

consumed 5.67 UF. The slaughter yield was higher for the castrates (57.83% vs 56.77%) due to the 

lower weight of the hooves and, particularly, of the skin. Hence, the castration seems to cause a 

"refinement" for buffalo as it does for bovine.  

 

 

Table 9. Meat production by buffalo young bulls differenet for age (months: m) and weight.  

 

  DWG  

(kg) 
UF/kg DWG 

Slaughtering 

weight (kg) 
Dressing (%) 

6-12 m  0.904 4.67 320.7 52.70 

4-16 m NC 0.883 5.59 421.3 56.80 

 C 0.851 5.67 405.6 57.88 

18-30 m NC 0.519 13.00 616.6 55.90 

 C 0.519 13.90 611.3 55.30 

30-42 m NC 0.201 37.07 683.2 58.90 

 C 0.216 34.67 688.0 60.00 

 NC: not castrated; C: castrated. 

DWG: daily weight gain (kg)  

 

Many trials were carried out also by the Istituto Sperimentale per la Zootecnia (Animal Production 

Research Institute), Monterotondo, Roma, Italy, on water buffaloes and Friesian bovine males, 

under the same feeding and environmental conditions, and at different slaughter ages in order to 

compare the meat performance and these were also referred to the Second International Congress on 

Buffalo Livestock. Six trials were carried out on 116 males: 58 Mediterranean Italian buffaloes and 

58 Friesian bovines which were fed milk substitutes and concentrates and slaughtered at 20, 28 and 

36 weeks, or fed milk substitutes, hay and concentrates and slaughtered at 36, 52 and 64 weeks of 

age. The Friesians showed better performances than the buffaloes, the latter realized the following 

daily gains at 20, 28, 36(1), 36(2), 52, and 64 weeks of age: 795, 807, 746, 963, 930, 949 g/d 

(Romita et al., 1982), and the following respective net dressing (the net dressing is about 4.5 percent 

more than the normal dressing because it is the ratio carcass/net live weight, without stomach and 

intestine contents) percentages: 59.6, 58.2, 57.6, 55.3, 57.0, 56.6 percent (Romita et al., 1982). 

These trials proved that buffaloes could be bred until 15 months of age following an early weaning 

with good performances and a similar body growth trend in comparison to Friesians. The head and 



 

skin of the buffaloes were always heavier than that of the bovines, which showed higher intestine 

length and circumference; the carcasses were heavier in the bovines at all ages, but buffaloes 

showed a significantly higher percentage of meat on the carcasses at 20, 28, and 36(1) weeks of age. 

However at later ages these differences disappeared with the fattening increasing in buffaloes. In 

particular, buffaloes showed significantly more subcutaneous fat and less intermuscular and 

intramuscular fat at 36(2), 52, and 64 weeks of age, so the meat percentage on the carcass transpired 

as similar (62-64 percent) in both species (Gigli et al.,1982). 

As in the previous trials the buffaloes were fed hay and concentrates. In the 1990s the buffalo 

fattening was effected by using maize silage because of the lower cost/UFC (Meat Feed Unit). Gigli 

et al., (1994) fed 24 male Mediterranean Italian buffaloes with maize silage ad libitum, 0.9 kg/d 

soybean meal 50 percent CP, 0.1 kg/d vitamin mineral nucleus (group A) in comparison to 24 

animals fed the same diet (group B) with 50 percent maize silage of the quantity fed to group A. 

Eight animals from each group were slaughtered at 10, 14 and 18 months respectively: the buffaloes 

fed ad libitum realized a similar growth  to the previous trials with about 970 g/d gain up until 14 

months, reduced to 798 g/d at 18 months; the lower feeding level strongly affected the animal 

growth rate; the conversion ratio (feed intake/gain) increased with increasing age as did the net 

dressing percentage with values of more than 60 percent. Conformation and fatness scores also 

increased with the age of the animal as did the subcutaneous and intermuscular fat percentage on 

the carcass, and consequently the meat percentage on the carcass decreased. The carcasses of the 

animals of group B registered lower fat and more meat than the group A buffaloes. 

Di Lella et al. (1998) compared the performances of 3 groups of male buffaloes fed isoenergy and 

isoprotein (UFV kg DM 0.84, CP 14.5% between 6 and 12 months; UFV/kg DM 0.81 and CP 

12.1% after 12 months of age) diets constitued by different ingredients. The best DWG (kg 0.887) 

were obtained for subjects fed diet with at least 50% of corn silage; however when large amount of 

this feed is not available, the authors suggest to utilize ammonia treated straw, due to the high cost 

of hay. 

In order to increase the knowledge about buffalo growth, charactetised by periods of very scarce 

weight gain followed by compensatory phases, Infascelli et al., (2001) carried out research on 12 

six-month-old male buffalo, equally divided into group A (111.0 ± 6.9 kg LW) and B (116.7 ± 7.6 

kg LW). Group A was fed 100 g DM/kg MW of diet (CP/DM 14.1%, UFV/kg DM 0.84) based on 

rye-grass silage, rye-grass hay and concentrate. Group B received the same diet, but every 2 months 

the DM was alternatively 20% more or less than group A. From 300 kg LW until the end of trial 

(477 d of age), group B received diet (CP/DM 14%, 0.88 UFV/kg DM) obtained by varying the 

proportions of feeds. Between 180-238 d of age, group B showed a higher daily weight gain (DWG: 

g 480 ± 0.46 vs 510 ± 0.34, for A and B); however the conversion index (CI) was worse due to the 



 

higher amount of DM and UFV intake. In the interval 238-303 d, with a decreasing DM intake, 

group B showed lower DWG and worse CI. In the following interval, notwithstanding the increase 

in the DM intake, group B had similar results. On the contrary, between 380-415 d, group B had 

more favourable CI (UFV/kg weight gain 5.195 vs 4.452 for A and B) with slightly lower DWG (g 

1143.0 ± 0.28 vs 1023.0 ± 0.14, for A and B). Group A showed the best results for the period 180-

415 d, even if differences were not significant. Increasing the energy density of the diet in the 

interval 415-477 d slightly improved the total (180-477 d) DWG of group B, however less than that 

of group A (855.2 ± 0.58 vs 769 ± 0.25). Consequently, the total CI of group B was worse than that 

of the interval 180-415 d. Considering the whole trial, the buffalo growth curve showed a 

progressive increase in DWG, reaching its peak at 303 d of age (180 kg LW) until 415 d (300 kg 

LW). Successively the CI considerably worsened.  

In order to evaluate the influence of diet nutritive level on the performances and on meat quality of 

buffaloes weighing 400 kg L.W. (Amante, 2003) twelve Murrah female buffaloes were equally 

divided in two groups fed diets with high (H group: 6.95 kg of DM; 0.83 UFV/kg DM, 12.6% CP) 

and low nutritive level (L group: 5.43 kg of DM; 0.66 UFV/kg DM, 14.1% CP) for 29 weeks. 

Group L showed a BCS significant (P<0.05) decrease starting from the seventh week; significant 

differences of BCS were recorded between groups along all the experimental period (4.25 vs 3.38, 

for group L and H, respectively; P<0.01). Group H at the end of trial showed an increase of 50 kg 

LW, while the live weight of L group resulted unchanged, notwithstanding the energy intake in this 

group was not sufficient to meet the maintenance requirements suggested for buffalo in temperate-

continental areas (UFV: 1.4 + 0.6*q LW). According to the author the energy requirements for 

maintenance result lower in tropical climate areas; in addition it is possible that in conditions of diet 

energy deficience, when the protein requirements are met, the nutrients utilization results more 

efficient (Campanile et al., 2001). At slaughtering, the dressing percentage resulted significantly 

higher for group H (54.9 vs 49.3%; P<0.05) while the meat chemical characteristics were 

superimposable between groups.  

More recently, Mahmoudzadeh et al (2007) carried out a study using 27 heads of 15 month buffalo 

male calves with initial live weight of 287 kg. The animals were individually housed and randomly 

allocated into 9 treatment groups of three animals each. Three levels of energy with three levels of 

crude protein were formulated to provide 90, 100 and 110% requirement equivalents for 900 g 

expected body weight gain. Dry matter intake was not significantly different between treatments 

while average daily gain ranged from 503 to 951 g/animal, being significantly (P<0.05) higher 

when animals received medium energy diets. The dressing yield as well as the meat percentage was 

not affected by the type of the diet, but abdominal fat was significantly higher in medium energy 

diets (P<0.05). The authors concluded that the optimum fattening performance of 15 month old 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahmoudzadeh%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract


 

buffalo male calves may be obtained by providing around 10.42 MJ/kg of dietary metabolizable 

energy and about 10.22% of crude protein. 

More recent trial were carried out by MEZOO Project, financed by Agricultural Ministry of Italy in 

Galluccio farm of Buffalo Beef Company on 60 buffalo calves with initial weight 183.2 kg and fed 

by unifeed in intensive system in open feedlots: 30 animals fed maize silage (MS), hay and 

concentrates; the other 30 fed ballooned alfalfa hay silage (BA), hay and concentrates according 

iso-energetic (0.90 Meat FU/kg DM) and iso-proteic (15%CP on DM) diets. Until 380 kg live 

weight the animal daily gain was 1.13±0.15 and 1.12±0.11 in groups MS and BA respectively with 

gains until 1.40 kg/d in the second month of trial, the feed efficiency was 43.83±0.77 and 

45.31±0.77 MJ/kg respectively and PG/kg was 938.8±16.7 and 989.5±16.7 without significant 

differences between groups (Borghese et al., 2011). From 380 kg to the slaughtering weight (440 

kg, fattening period) similar diets for energy (0.90 Meat FU/kg DM) and protein (14.96% on DM), 

but with more NDF and stearch, were maintained in the two groups, managed indoor on fissured 

floor:  daily gains were 0.86±0.14 and 0.81±0.15, feed efficiency 7.38 and 7.07/kg gain, 6.61 and 

6.36 Meat FU/kg gain, 2.22 and 2.13 CP/kg gain, dressing percentage 52.19±0.65 and 51.60±0.51 

respectively in groups MS and BA, without significant differences between groups (Borghese et al., 

2010).  

According these results appropriate diets can guarantee good gains and the best as carcasses and 

quality meat,  well appreciated by the consumer from a dietetic point of view. In our opinion, in 

order to further promote buffalo meat production and safeguard the consumer, a regulation 

providing only commercialization of subjects grown in the range of physiological weight gain 

should be prepared. The animal register of births could represent a good way of verifying if the 

slaughtering weight agrees with the fore mentioned weight gains.  
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1. LACTATION CURVE 

 

Milk production during whole lactation is a continuous physiological function which describes the 

rate of milk secretion with advancement in lactation (Dongre et al., 2011).  

The lactation curve in dairy species can be seen as the graphical representation of milk yield during 

the time. 

There are many factors which affected the lactation curve in dairy species: breed, genetic basis, 

season and period of calving, age at calving, environmental factor and health status (specially on 

mammary gland). 

The typical shape of lactation curve has two characteristic parts: a rapid increase from calving to a 

peak period in early stage of lactation and a gradual decline from peak of yield  to the end of 

lactation (Leon-Velarde et al., 1995). 

The most important phase is the persistency of the lactation: persistency of milk production is the 

ability of animal to maintain milk production at high level after peak production, or usually refers to 

the rate of decline in daily yield after the peak of lactation (Togashi and Lin, 2004). Random 

regression model was applied for the analysis of test day record and to study the genetic persistency 

of the first lactation milk yield of Indian Murrah buffaloes (Geetha et al., 2006); these Authors 

found that heritability of test day milk yield varied from 0.33 to 0.58 in different test days. 

Chaudhry et al. (2000) calculated persistency of lactation in 2 390 lactation records of Nili-Ravi 

buffaloes, with 87% persistent buffaloes;  environmental, season of calving, parity and lactation 

length had a significant effect on the trait. Persistency was 9% heritable with a repeatability of 13%. 

mailto:antonio.borghese@email.it


Correlation with lactation length was positive: buffaloes with greater lactation length were more 

persistent. 

The Mediterranean Italian breed was very much studied for lactation curve. In figure 1 the lactation 

curves after the first, the second and the third calving are reported. The average production was 2 

160 kg in the first lactation, 2 348 in the second lactation and 2 356 in the third one. Is clear that the 

buffalo potential production is observed in the second lactation (Coletta and Caso, 2008).  

In all the 3 lactations we have similar curves, with the production peak on the 40
th

 day, in the 

second and third lactations, while in the first lactation it is shown on the 50
th

 day and with a longer 

duration. 

 

 

 

Figure 1. Effect of parity on lactation curve in Mediterranean Italian breed (Coletta and Caso, 

2008). 

 

The effect of age and calving season on lactation curves in Mediterranean Italian buffaloes was 

demonstrated too by Catillo et al. (2002), as it is shown in figure 2. 



 

Figure 2. Effect of parity on lactation curve in Mediterranean Italian breed (Catillo et al., 2002). 

(◆ = < 3 years;      < age  4 years; ▲ =  < age  5 years; x =  < age 6 years). 

 

Lactation curves were different for the first and later parities with lactations of different duration 

also in Nili-Ravi buffaloes (Khan and Chaudry, 2000), who found a lactation length of about 289 

days for an average milk yield of 1 984 kg as about 59% of the lactations had length shorter than the 

standard lactation of a 10 months. The same Authors found different lactation curves according the 

parities (figure 3, Khan and Chaudhry, 2001). These Authors found 10% of atypical lactations, with 

the first calves having the highest frequency. 

 

 

Figure 3. Effect of parity on lactation curve in Nili-Ravi breed (Khan and Chaudhry, 2001). 



 

According Penchev et al. (2011), the highest peak yield belongs to the buffaloes with the  highest 

calving age, by 0.719 kg higher as compared with the earliest calvers (figure 4). In the latest age at 

calving the relative decline from second to third months is twice faster as compared with the earliest 

class. From month 3 to 4 the drop is even better pronounced (16% vs. 5.6%) while after that point 

the differences are negligible until the end of 

lactation.

 

Figure 4. Different lactation curve in the cases of early and late calving for the Murrah Bulgarian 

buffalo cow (Penchev et al.: 2011). 

 

2.  MILK EJECTION AND MILK FLOW CURVE. 

 

Milk production and milk flow profiles are important parameters to be recorded and evaluated. In 

fact they give various advices on milking management (Thomas et al, 2005).  

The milk flow curve is typical for each animal and must be recorded singly. 

The portable milkmeter Lactocorder® (WMB AG – Balgach, web site) is the normally used 

instrument to relieve real time milk flow curves and their parameters, electrical conductivity of milk 

and it is used too to collect a sample for the qualitative analysis. Milk flow curves have been well 

studied in the cattle (Weis et al, 2004; Bruckmaier, 2005; Tancin et al, 2006), partially in sheep and 

goat (Dzidic et al., 2004; Bruckmaier et al., 1994; Boselli et al., 2009) and a relatively recent 

approach is the introduction of this method in buffalo (Boselli et al., 2004; Thomas et al., 2003; 



Bava et al., 2007; Di Palo et al., 2007; Borghese et al., 2007 a,b; Rasmussen et al., 2008; Boselli et 

al., 2005, 2008, 2010, 2011b, c) and in donkey (Boselli et al., 2011 a).  

The graphic representation of milk flow curve can be showed by different phases: 

- the first is the increasing phase (milk letdown time and incline time), represented by the time 

elapsed between the attachment of the milking clusters and the time until constant milk 

flow; 

- the second is the plateau with a constant milk flow (peak of milk flow is generally in this 

phase); 

- the third is the decreasing phase and represents the time from the plateau phase until the 

detachment of the milking cluster at stop of milk flow; 

- an eventual fourth phase may be the stripping yield, preceded by blind phase. 

Graphical representation in milk ejection is visible through flow curves. They are typical and 

characteristic for each dairy species: cattle, buffalo, goat and donkey (see fig 5, 6, 7, 8).  

 

 

 

 

 

 

 

 

 

Figures 5. - Typical milk flow curve of dairy cow (Holstein Friesian breed). 

 

 

 

 

 

 

 

 

 

 

Figures 6 -Typical milk flow curve of buffalo (Mediterranen Italian breed). 



 

 

 

 

 

 

 

 

 

 

 

Figures 7 -Typical milk flow curve of goat (Saanen breed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 8 - Milk flow curve of donkey (Amiata breed, one milking for day). 

 

Specifically, milk flow curves and other parameters are influenced by anatomical (Thomas et al, 

2004; Ambord et al., 2009), physiological (Thomas et al, 2005), environmental factors (Pazzona, 

1989; Dogra et al., 2000, Thomas et al, 2005; Caria et al., 2011; Caria et al. 2012 in press ) and 

health status (Boselli et al., 2004) 



Buffaloes are characterized by longer teat and teat canal, and particularly by stronger muscular 

resistance of teat wall, than in cow: it is necessary an high vacuum level for opening the teat canal 

and beginning milk ejection (Thomas et al., 2004; Ambord et al, 2009), even if the teat canal 

becomes shorter by an adequate stimulation (Ambord et al., 2010).  

In a recent trial , we verified that the manual stimulation at different times provoked the increasing 

of released oxytocin and of the intra-mammary pressure and finally the increasing of cisternal teat 

largeness and the reduction of teat canal length (Borghese, 2012, figure 9 and 10). 

 

  

 

Figure 9 (left) 10 (right). Ultrasound cross section of fore teat before (left) and after (right) 

about 90 seconds of manual stimulation. 

 

Buffalo species is characterized by smaller cisternal fraction than in cattle. The cisternal milk 

fraction is immediately available while the alveolar fraction needs an oxytocin stimulation to 

release. In Mediterranean Italian buffaloes it have been observed a higher cisternal fraction of total 

milk than in Murrah breed (respectively 7.6%, as reported by Ambord et al, 2009, and 4.9%, as in 

Thomas et al., 2004, for different parity, number and stage of lactation). 

In buffalo management, the milking room and the milking machine are really a critical point and the 

characteristics of milking vacuum and milking pulsations are strictly connected with milk flow 

observations (Pazzona, 1989; Dogra et al., 2000 Caria et al., 2011; Caria et al. 2012). 

Animal general health, with particular regard to mastitis, influences milk composition and milk 

flow parameters. In buffalo, Somatic Cell Count is a good indicator of subclinical mastitis (Pyorala, 

2003; Thomas et al., 2004; Rosati et al., 2008). 

These differences characterize the milk flow curves in buffalo species and result in different 

relieved parameters as the total milking time and milk yield. 

Figures 11 to 21 give some examples of different milk flow curves. 

 



 

Figure 11. Normal milk flow curve including over-milking. 

 

Figure 12. Bimodal curve (with cisternal fraction) in a high producing buffalo (Borghese et al 2007 

b) 

 

 

 

 

Figure 13. Slow milk ejection with a long plateau time caused by a tight teat canal 



 

 

Figure 14. Milking with a high peak flow but short plateau. 

 

 

 

 

 

 

 

 

 

 

Figure 15. Milking with a double profile. 

 

 

 

Figure 16. Buffalo with no milk ejection until oxytocin was injected. 



 

 

 

 

Fig.17.  Milk flow curve recorded with AMS: type 0 (failure milking). 

 

 

 

Fig.18 – Milk flow curve recorded with AMS: type 1 (incomplete milking). 

 



 

 

Fig.19  – Milk flow curve recorded with AMS: type 2 (complete milking). 

 

 

 

Fig.20 – Milk flow curve at quarter level (fore left) (Borghese, 2012). 

 



 

 

Fig.21 – Milk flow curve at quarter level (hind left) (Borghese,  2012). 

 

Figure 11 shows a normal milk flow curve, but from a farm where over-milking was applied often. 

Visualisation of the long phase of over-milking must oblige the milkers to change the milking 

routine and to solve this problem, applying the automatic detachment. 

Milking of the cisternal fraction is shown as the first curve in figure 12 and known as a bimodal 

curve, which is not frequent in buffaloes, because of the small proportion of the cisternal fraction.  

Figure 13 is a curve from a buffalo with very low flow rate probably due to a tight teat canal, which 

is seen frequently in Italian buffalo herds.  

Most buffaloes need at minimum 8 minutes of milking time, but exceptions can be seen for 

buffaloes with a high peak flow rate and a short plateau time (Figure 14). The reducing of milking 

time and of over-milking is an economic factor as the introduction of animals with similar milking 

time could be useful for the milking room plane organization. Anyway the applying of the 

automatic detachment is a must to avoid over-milking.  

Figure 15 showed a milk flow curve with a double profile, due to the partially milk emission 

disturbed or due to the repositioning of milking cluster. This problem has to be resolved by serious 

attention of the milkers. 

Figure 16 is a milk flow curve of a buffalo not responding to stimulation during teat preparation 

until oxytocin was injected. This buffalo provoked an economic loss because of 6 minutes of wait 

and for the damage to the teat, extremely stimulated. 

Figure 17, 18, 19, showed different  curves obtained during the milking with Automatic Milking 

System (AMS, picture 1). The first is classified as failure (no attachment of cluster), the second as  

incomplete (partially attachment of cluster only two quarters) and the third as complete one, 

perfectly attachment of cluster (figure 19 ) (Boselli et al., 2011 b). These data show as AMS system 



could not be applied to all the dairy buffalo herd, as it needs very regular udder conformation with 

symmetric and perpendicular teats.  In figures 20 and 21 milk flow curves at quarter level are 

shown: the rear quarter produced higher milk quantity, showing higher maximum flow and higher 

plateau (Borghese, 2012). 

 

 

Picture 1. AMS applied in Mediterranean Italian buffalo. 

 

In Mediterranean Italian breed, Borghese et al (2007a) found a mean time from stimulation to milk 

letdown of 133±14 second (s), with no difference between morning and evening milkings. Boselli et 

al. (2004) refer mean values of 105 s. versus 99.6 s. in the morning and in the evening respectively 

to reach the plateau phase. They calculated a peak flow of 1.32 kg/min in the morning versus 1.22 

kg/min in the evening. Mean decline time of 110 s. in the morning versus 137 s. in the evening 

where calculated. Average flow rates were 0.86 kg/min in the morning and 0.77 kg/min in the 

evening.  

In Murrah buffaloes, Thomas et al. (2004) found the time until milk let down of 69 s. versus 154 s. 

in two groups with a different concentrate feeding during milking. Time until a milk flow of 500 g 

was 195 versus 329 sec in the morning and 224 versus 383 s. in the evening, which highlights the 

importance of concentrate feeding during milking. In the same experiment peak milk flow was 1,18 

and 1.13 kg/min in the morning versus 1,05 and 0,93 kg/min in the evening respectively for the 

groups. Dogra et al. (2000) found an average milk flow rate of 0.92 kg/min. Thomas et al. (2006) 

calculated mean flow rates of 0.49 kg/min, 0.18 kg/min and 0.10 kg/min among groups of dairy 

Murrah buffaloes submitted to different regimes of concentrate integration and manual pre-

stimulation or not respectively. 

Electrical conductivity can be measured simultaneously with the milk flow using the Lactocorder®. 

Conductivity is related to udder health, somatic cells count and mastitis onset. Boselli et al. (2005) 



found mean values of 4.11 mS/cm in milk of Mediterranean Italian buffalo. The correlated with 

somatic cell count was r = 0.37 (Pearson P<0.001) and indicates possibilities to use electrical 

conductivity in mastitis detection. 

General udder health and particular teat pathologies may influence milk production in quantity, 

quality and milk ejection parameters. Other differences in the milking response are strictly 

connected with the quarters’ milk distribution (Weiss et al., 2004; Rodrigues Amaral and Corrêa 

Escrivão, 2005) as reported in other milking species (Bruckmaier et al., 1994). 

The general health of animals and good livestock conditions are very important in milk production. 

Moreover, the milking machine is a very critical factor for the milk flow rates because of the 

characteristics of milking vacuum, milking pulsation and pulsation frequency, and other technical 

characteristics connected to the milking equipment (Pazzona, 1989; Dogra et al., 2000). 

Caria et al (2011) compared the effects of milking at low vacuum (36 kPa) and medium vacuum (42 

kPa) on milk emission characteristics and milking system performances. The results showed that the 

low vacuum level did not influence both milk yield and milk ejection time.  

While in another study Caria et al. (2012) verified the milkability at different vacuum levels (37, 

40, 43, 46, 49 and 52 kPa): it is shown that  the Mediterranean Italian buffalo is suitable to 

mechanical milking at different working vacuum levels. Milk yield was not influenced by the 

working vacuum level and resulted satisfactory also at lower levels; the vacuum levels of 37 and 40 

kPa showed the best milkability conditions, at which plateau phase was longer than decline phase 

and lag time was not affected by vacuum level. 

 

3. INNOVATION IN BUFFALOES MILKING TECHNONOLOGIES  

 

A recent study analysed the principal milk flow traits and milk yield recorded in Mediterranean 

Italian buffaloes from 104 different herds, raised in the Latium Region during 2005-2010 (Boselli et 

al, 2011 c). This study showed that 88.86% of milk is ejected in 4.24 min (main milking time), as 

8.49% is ejected in 1.98 min (milk let-down) corresponding to the cisternal milk fraction as 

observed in a previous work (Ambord et al, 2009). Only 2.65% is the milk ejected in the stripping 

phase. 

These results suggest to apply a premilking udder stimulation to reduce milk let-down time 

increasing the average milk flow and reducing total milking time. These results suggest too the 

detachment of milking cluster to reduce the blind phase with the following advantages: a) reducing 

the total milking time and consequently worker’s time,  b) improving the farmer’s income and the 

milk quality thought the mastitis incidence decreasing.  



About the introduction of AMS in buffalo, the preliminary results of recent study showed that there 

is a considerable variation in milk ejection and consequently in milk flow curves for the buffalo 

milked in AMS with forced system, in comparison with the conventional one.  

The differences are the following: better pre-stimulation allowing a positive endogenous releasing 

of oxytocin, with reduced milk letdown phases; independent milk ejection for each teat, with 

optimal milking of all the quarters, with the reduction of over-milking; better milking hygiene 

during dairy routines, limiting the incidence of mastitis and with low value of somatic cell count; 

negative effects, because of failed or incomplete milking (17% of total), that limit the potential 

capability and efficiency of AMS; frequent air flow, which could cause alteration of milk 

composition (Boselli et al., 2011b). 
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1. MILK COMPOSITION 

 

During the last years a positive trend of buffalo milk yield and quality was registered in Italy, and 

the improvement in buffalo milk production is, above all, due to the new feeding criteria, the 

changed diets, rearing conditions and the selective breeding (Di Palo, 2002; Zicarelli, 2004). 

Buffalo milk is characterised by an elevated fat and protein content, both higher than those of cow 

milk. The average fat and protein content recorded in milk of the Italian buffalo cows, officially 

registered by the Italian Breeders’ Association (AIA, 2011) was respectively, 8.49 and 4.65%. Due 

to particularly high fat content, the fat: protein ratio is about 1.7-1.8. The total dry matter content of 

buffalo milk is about 17-19% of which lactose accounts for about 4.5-5.00% (Ganguli, 1974; 

Castagnetti et al, 1996). 

 

1.1 Fat 

In Indian studies resulted that the size of the fat globules in buffalo milk was bigger (4.15-4.60 µm) 

than in cow milk, whereas their number was generally less in buffalo milk (Ganguli, 1974; Sindhu 

and Singhal, 1988). On the contrary, a study of Martini et al. (2003) demonstrated that the fat 

globules of Italian buffalo milk were characterised by an average diameter of 2.80 µm and that they 

were smaller than those of cow milk, which had an average diameter of 3.0-5.0 µm (Alais, 1984). A 

major frequency (91%) of fat globules ranged from 2.1 to 4.0 µm, considered as medium size, and 
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the occurrence of this size globules was positively related to insatured fatty acids (Martini et al., 

2003). 

Regarding to the fatty acids it is difficult to report the average composition of buffalo milk because, 

as in other species, this composition is affected by animal factors such as genetics and stage of 

lactation as well as feed factors (Palmquist et al., 1993). Ganguli (1974) reviewed that in buffalo 

milk fat were found a higher content of butyric, palmitic and stearic acids and a lower content of 

caproic, caprylic, capric and lauric acids respect to the cow milk. In more recent works (Galvano et 

al., 1982; Tripaldi et al., 1997; Tzankova and Dimov, 2004) in buffalo milk it was observed a lower 

content of capric and lauric acid and a higher content of stearic acid if compared to cow milk 

(DePeters et al., 1995). 

Among the liposoluble compounds it is to underline that buffalo milk does not contain the ß-

carotene, in fact the buffalo milk fat is colourless, while the vitamin A content is higher than that of 

cow milk (El Rafey, 1962). 

 

1.2 Protein 

The buffalo milk contains a higher casein concentration. The casein index (casein content/protein 

content %) is higher than that of cow and goat milk (Alais, 1984). It varied from 81 to 85% 

(Tripaldi et al., 1997) and the average value found recently in milk samples of Italian buffalo was 

83.9%. High correlation was found between protein and casein content (r = 0.93) (Giangolini et al., 

2005). According to Altiero et al. (1989) and their prevision equation of Mozzarella cheese yield, 

the weight of protein content of buffalo milk is about three time that of the fat content. 

Composition of buffalo whole casein is homologue with bovine casein (Addeo et al., 1977). Weight 

of four components in buffalo milk differs from those of bovine casein and respectively, αs1-casein: 

30.2 vs 38.4%; αs2-casein: 17.6 vs 10.5%; ß-casein: 33.9 vs 36.5; κ-casein: 15.4 vs 12.5 (Addeo, 

1979). Then the buffalo casein shows a higher content of αs2-casein and κ-casein than that of 

bovine casein and vice versa for αs1-casein and ß-casein. 

From some studies on protein structure of Italian buffalo milk resulted that this species is less 

polymorphic than the bovine one. This was attributed to either the lack of cross-breeding of Italian 

animals with foreign water buffaloes, or to the insufficient resolution power of elelectrophoretic 

methods used for studying the casein polymorphism (Chianese et al., 1996). A following study on 

buffalo milk from Venezuela detected two variants of ß-casein, called A and B, that were different 

for two amino-acid substitutions. Besides three altered patterns at the level of each αs1 and αs2-

casein was showed. No κ-casein polymorphism was detected (Chianese et al., 1996). Further 

investigations demonstrated that αs1-casein presented ten amino-acid substitutions. The two ß-



casein variants, A and B presented four and five amino-acid substitutions, respectively (Ferranti et 

al., 1998). Recent investigations on Italian buffalo milk detected a novel α-lactalbumin variant, that 

differentiated from one another by a single amino-acid substitution (Chianese et al., 2004) and a 

novel variant of αs1-casein that could differ by one amino-acid substitution and was labelled αs1-

casein C (Chianese et al., 2005). 

Regarding to urea content, the values recorded in buffalo milk are higher than that of dairy cow, as 

reported in recent studies (Campanile et al., 1998; Sarubbi et al., 2000; Di Francia et al. 2003; Roy 

et al., 2003). 

The routine methods to determine fat, protein, casein, urea and lactose content are based on 

interferometry FTIR (Fourier Transformed InfraRed analysis, Fig. 1). 

 

 

 
Figure 1. Milkoscan FT 6000 and Fossomatic 5000 apparatus for analysis of chemical 

characteristics and somatic cell count. 

 

1.3 Minerals 

According to Albonico et al. (1969) the total mineral content of buffalo milk varied from 0.72 to 

0.88%. Devendra (1980) reported a content of 0,86%, value that is higher than that of bovine milk, 

0.80%, (Alais, 1984). It is to underline the higher content of calcium of buffalo milk (0.18-0.23% vs 

0.11-0.15% of bovine milk), magnesium (0.016-0.024% vs 0.010-0.015%) and phosphorus (0.13-

0.15% vs 0.09-0,10%) (Albonico et al.,1968; Walstra and Jenness, 1984). The ratio of calcium to 

phosphorus of buffalo milk was 2.26 vs 1.96 of cow milk (Puri and Parkash, 1965). The mean value 

of chloride content was 0.696 mg/ml (Giacinti et al., 2005). 

  



2 Renneting ability 

Milk utilization is very variable and in all country, except Italy, buffalo milk is used also for liquid 

consumption (Renaud, 1993; Borghese et al., 2000). When it is assigned to cheese making it is 

important to achieve milk which is able to produce high yields and good quality cheese. To evaluate 

the renneting ability, the lactodynamographic analysis is utilized (Fig.2). The examined parameters 

are: clotting time (r), curd firming time (k20), curd firmness at 30 minutes from rennet addition (a30) 

and A2r (curd firmness at 2r). It is to make allowance that milk with better renneting ability is 

characterized by a brief clotting and curd firming time and by an elevated curd firmness. 

The average values found in a monitoring carried out in Italy (Bartocci et al., 2002) were 15.06 min 

of clotting time, 3.25 min of curd firming time and 47.79 mm of curd firmness. These data are in 

agreement with those of other Authors (Matassino et al., 1991; Castagnetti et al., 1996; Tripaldi et 

al., 1997). If we compared buffalo with cow milk (Fossa et al., 1994), we can observe that cow milk 

has a higher clotting and curd firming time (19.0-19.6 min and 9.8-12.7 min) and a lower curd 

firmness (23.8-18.1 mm). 

The Indian studies reported that the buffalo milk coagulates faster than the cow milk (Puri and 

Parkash, 1962) hypothesizing as a partial explication the higher susceptibility of buffalo κ-casein to 

chymosin action. This result was confirmed by Addeo et al. (1984). The elevated curd firmness of 

buffalo milk is probably due to the high casein content of this species milk. In fact addition of the 

casein to the milk caused a curd firmness increase: an addition of 10% of casein caused an increase 

of 15% of curd firmness (Amram et al., 1982). The casein effect on the curd strength appeared to be 

more important than the effect of calcium ion increase and pH decrease (Storry and Ford, 1982). 

It was observed that a part of the individual milk buffalo samples did not coagulate in 30 minutes 

from rennet addition. This quota varied between 12 and 6% of total samples (Esposito et al. 1997; 

Tripaldi et al., 2002). The not-coagulate samples were characterized by higher average days in milk, 

178 vs 132 d, higher somatic cell count, 385,850 vs 203,260/ml, and higher pH, 6.87 vs 6.70, 

respect to the samples having a better renneting ability (Tripaldi et al., 2002).  

 

 



 
Figure 2. Formagraph instrument for lactodynamographic analysis 

 

3.SUB-CLINICAL MASTITIS MARKERS 

 

Somatic cell count (SCC) are recognized worldwide as a measure of udder inflammation (Smith, 

2002). Indeed, the increase in leucocytes in milk and in the mammary gland, as a response to the 

invading pathogens or to their metabolites or toxins, leads to an increase in SCC. Therefore, SCC 

are used to assess udder health status, suitability of the milk for human consumption and to define 

premium/penalties on milk price (Reichmuth, 1975; Harmon, 1994). 

Tripaldi et al. (2003) reported a mean SCC of 221 000 cell/ml that ranged from 50 000 to 375 000 

cells/ml in individual samples. This could be attributed to the level of management of these 

buffaloes. SCC of single herds with Mediterranean buffaloes range from 169 000 cells/ml (Esposito 

et al., 1997) to 309 000 cells/ml (Tantillo et al., 1997). The mean SCC observed on 37 Italian farms 

from 1997 to 2000 was 191 000 cells/ml (Terramoccia et al., unpubl. data). In a study carried out on 

14 623 bulk milk samples from 1996 to 2011, the mean value was 255 147 cells/ml (Giangolini G. 

et al., unpubl. data). The SCC observed in Surti, Murrah and Lankan buffaloes varied from 50 000 

to 375 000 cells/ml, that is on average 140 000 cells/ml (Silva and Silva, 1994). 

Table 1 shows the distribution of mean values for the different buffalo milk component, which 

showed large variations in the range for the different components (Piccinini et al., 2006). 

Differential SCC (DSCC) analysis did not confirm the high level of epithelial cells reported by 

Dhakal et al. (1992), but the values observed for the different cell types were very similar to those 

reported for cow milk and in other studies on buffalo milk (Silva and Silva, 1994; Zecconi and 

Smith, 2003). Polymorphonuclear leucocytes (PMN) were the most prevalent cells identified in 

milk with mean values of 47%, while lymphocytes accounted for 33% and macrophages for 18%. 



These results are confirmed by those obtained in another study (Tripaldi et al., 2010), where the 

mean values observed were 49% of PMN, 38% of lymphocytes and 13% of macrophages. 

Inflammation of the mammary epithelium has the following effects on milk production: reduced 

milk yield, reduced synthesis of milk components synthesized by tissue cells (fat, casein and 

lactose), increased passage of blood component to milk (albumin and immunoglobulin) (Anderson 

and Andrews, 1977; Kitchen, 1981; Verdi et al., 1987). In table 2 was showed as milk yield, 

composition and coagulating properties vary according to different classes of SCC in buffalo milk. 

From results of recent studies somatic cell count is confirmed to be a valid indicator of udder 

inflammation in buffalo as in dairy cows. A value of 200 × 10
3
 cells/ml should be used as the 

threshold value for early identification of an animal affected by subclinical mastitis. In addition to 

its association with significantly decreased milk yield, a TSCC value above this threshold value was 

associated with changes in milk composition and coagulating properties (Piccinini et al., 2006; 

Tripaldi et al., 2010). 

Another indicator of sub-clinical presence of mastitis was chloride content. In table 2 we can 

observe that the chloride values are significantly higher when SCC increases. Moreover if chloride 

content increases, a decrease of milk yield and a worsening of milk composition and coagulating 

properties resulted. A positive and significant correlation between chloride content and clotting time 

and negative and significant correlation with curd firmness was found by Giacinti et al. (2005). 

 

 

Table 1. Mean values, standard deviation and ranges for the different milk components in 

water buffalo quarter milk samples (Piccinini et al., 2006). 

 

Milk component Units Mean Std.Dev. Range 

SCC cells/ ml 131,826 6.17 1,000-8,912,509 

PMN % 46.97 29.88 0.00-100.00 

Lymphocytes % 33.09 21.47 0.00-88.00 

Macrophages % 18.48 20.02 0.00-88.00 

NAGase Log10/ ml 1.82 0.45 0.11-3.88 

 γ-globulins % 4.60 2.48 0.30-14.00 

Lactoferrin % 3.49 1.81 0.40-11.39 

Albumin % 6.51 2.16 1.29-17.70 

Lactalbumin % 24.00 4.92 11.60-37.50 

Lactoglobulin % 6.51 2.16 1.29-17.70 

 

 

 



 

Table 2. Estimated mean values for yield, components and coagulation properties of buffalo 

milk according to the three SCC classes (Tripaldi et al., 2010). 

 

SCC (×10
3
/ml) <100 100 - 200 > 200 

milk yield (l/morning 

milking) 
5.79 ± 0.21a 5.14 ± 0.45ab 4.73 ± 0.33b 

fat (%) 7.35 ± 0.15 ns 7.23 ± 0.31 7.55 ± 0.23 

protein (%) 4.52 ± 0.05 ns 4.47 ± 0.10 4.38 ± 0.08 

casein (%) 3.65 ± 0.06 ns 3.63 ± 0.12 3.53 ± 0.09 

lactose (%) 4.87 ± 0.03a 4.80 ± 0.07b 4.64 ± 0.05b 

chloride (mg/ml) 0.650 ± 0.039b 0.862 ± 0.0862ab 0.882 ± 0.068a 

pH 6.66 ± 0.01 ns 6.67 ± 0.02 6.69 ± 0.02 

r (min) 19.82 ± 0.75 ns 20.75 ± 1.50 22.39 ± 1.16 

k20 (min) 2.05 ± 0.16b 2.21 ± 0.31ab 2.72 ± 0.24a 

a30 (mm) 43.57 ± 1.32 ns 40.67 ± 2.67 32.23 ± 2.06 

a2r (mm) 50.40 ± 0.77 ns 50.13 ± 1.56 48.42 ± 1.21 

a, b: P ≤ 0.05 

 

 

 

4. TOTAL BACTERIAL COUNT (TBC) 

It was reported that often buffalo raw milk delivered to cheese farms contained a high number of 

total germs (Galiero et al.,1996; Amante et al.,2001). In a study conducted from 1996 to 2012 were 

analysed 20 036 samples by automatic equipment (Fig. 3), the mean value of TBC was 575,440 

CFU/ml (Giangolini G. et al., unpubl. data). Supino et al. (2004) and Han et al. (2007) found lower 

values, respectively 169,824 and 389,045 CFU/ml. 

The limit observed in European Countries (Reg CE 853/04) concerning the bacterial count is 

1,500,000 CFU/ml; for milk destined to manufacture of products from raw milk the limit is 500,000 

CFU/ml. 

In Italy the price of buffalo milk is not in agreement with fat and protein content and somatic cell 

and bacterial count, that is generally applied for cow milk, but a poor hygiene of milk could be one 

of the many factors affecting the shelf life of Mozzarella, which is fresh cheese. During the 

Mozzarella processing a thermic treatment of curd could be occurred to decrease the bacterial 

count, but it is not known if the shelf life of the finished product varies according to the number and 

the type of germs present in the raw milk. 

The routine methods to determine bacterial count are based on flow cytometry (Fig. 3). 



 

 

Figure 3. Bactoscan FC apparatus for TBC analysis  

5. AFLATOXIN 

Aflatoxins (Afs) are a group of mycotoxins produced by mycetes of the Aspergillus genus (Bennet 

et al., 2003). Four types of aflatoxins have been identified in feeds: AF-B1, AF-B2, AF-G1 and AF-

G2. Aflatoxin B1 (AFB1) is considered one of the most potent known natural hepatic-carcinogen for 

mammals. The major metabolite of AFB1 is aflatoxin M1 (AFM1), which is detectable in the urine, 

blood, milk, and internal organs of animals ingesting AFB1-containing feed. AFB1 bio-

trasformation in tissues is mediated by cytocrome-p450 an enzyme mainly present in the liver 

(Hussein et al., 2001). AFM1 has been categorised as a class 2B, possible human carcinogen. All the 

mammals that ingest AFB1, excrete small amounts of the hydroxylated metabolite AFM1 in their 

milk (Wood 1991). In the case of cow’s milk, the percentage excreted is 1-3% of that ingested 

(Veldman et al. 1992). The concentration of AFM1 in animal milk is related to the dose of AFB1 

ingested with the diet and is affected by milk yield, stage of lactation, the duration of the period of 

ingestion and other factors such as breed, health status and mammary alveolar cell membrane health. 

Studies in different experimental conditions showed carry over values between 1% and 3% for the 

cow (Masoero et al., 2007), and lower values for the buffalo (Pietri et al., 2003; Giangolini et al., 

2012), sheep (Battaccone et al., 2009; Giangolini et al 2011a) and goat (Giangolini et al 2011b; 

Ronchi et al., 2005). 

The European maximum admissible limit for AFM1 in milk is 50 ng Kg 
-1

 (Commission Regulation 

EC No. 1881/2006) while the limit established by the Codex Alimentarius is 500 ng Kg 
-1

 (Codex 

Alimentarius Commission, 2001).  



The results of different trial conducted in Italy have been showed that the carry-over of AFM1 

ranged from 0.17% to 0.22% for intake (AFB1) of 208 μg/d per capo (Pietri et al., 2003). This 

results it is similar to  those obtained by Giangolini et al., (2012), from 8 Mediterranean Italian 

buffalo where the carry-over of AFM1 ranged from 0.129% to 0.279% for intake (AFB1) of 217 

μg/d per capo. During the plateau phase the amount of excreted AFM1 was 73.80% of total excreted. 

In the same period a high correlation between casein and AFM1 (r = +0.37; P <0.01) and AFM1 and 

urea (r = +0.31; P <0.01) was observed. A field study conducted in Latium region (Italy) on 677 

samples of buffalo raw milk, showed that the 98.8% of samples is under the law threshold (0.05 

ng/kg) (Amatiste et al., 2005). 

 

6.SOME FACTORS AFFECTING BUFFALO MILK QUALITY 

 

6.1Lactation stage and other factors 

During lactation milk components showed the following trend: fat percentage increased sharply in 

the first three months of lactation in Italian Mediterranean buffaloes then the increase is less evident, 

protein percentage decreased from calving to the second month of lactation, then increased steadily 

until to end lactation, fat/protein ratio had the same trend as fat (Pilla and Moioli, 1993). Sangwan 

et al. (1988) observed the same trend for fat and protein content in buffaloes raised in India, which 

reaches the lower values during the 2nd month and then increased until to the end of lactation. On 

the contrary Bertoni et al. (1993) found that fat and protein content did not show the great reduction 

during the 2nd and 3rd month as in dairy cows and these results are in agreement with those of Shah 

et al. (1983) regarding to the fat content in Nili-Ravi buffaloes. 

Fat percentage appeared to be influenced mainly by stage of lactation and reached the lowest values 

in the summer months and the highest in winter; protein percentage was influenced mainly by milk 

yield and month of the year and reached the lowest values in the summer months and the highest in 

winter (Pilla and Moioli, 1993). No effect of age at calving and season of calving could be observed 

on fat and protein concentration (Catillo et al., 2002). 

Biswajit et al. (2003) suggested that for proper interpretation of milk urea values, parity, milk yield 

and body weight should be considered. In fact on Murrah buffaloes milk urea content increased 

significantly when milk yield increases, decreases with the increasing parity and is negatively 

related to body weight. The stage of lactation had no effect on milk urea concentration. A 

significant (P<0.05) negative correlation was observed between milk urea concentration and 

somatic cell count (Ghosh et al., 2003). 

Matassino et al., (1996) found that buffalo milk protein polymorphism and calving number affected 

clotting properties. Moreover it was observed that milk yield, composition and acidity and lactation 



stage affected coagulating properties (Matassino et al., 1991). According to Esposito et al. (1997) 

the lactodynamographic parameters are affected by protein content, somatic cell, bacterial count, 

milk acidity and lactation stage. 

 

6.2 Feeding 

Among non-genetic factors, feeding is considered the principal one affecting milk yield and milk 

composition. 

In a recent experimental study (Bartocci et al., 2006) it was shown that higher energetic and protein 

content (0.94 Milk FU/kg DM and 158.3 g/kg of crude protein) of lactating buffalo diets affected 

positively and significantly milk yield, but negatively and significantly both fat and protein content 

respect to the diets with lower energetic and protein content (0.85 Milk FU/kg DM and 144.4 g/kg 

of crude protein). Also renneting ability was affected negatively and significantly by higher 

energetic and protein content of diets. In agreement with these results, Singh and Barsaul (1988) 

observed a decrease in milk fat when dietary energy increased and Shukla et al. (1972) relieved a 

decrease in fat content (from 7.4 to 6.6%) when the percentage of concentrate in the diet increases 

from 21 to 44%. 

On the contrary, in two investigations on some commercial herds where diets with different 

energetic levels were administered, respectively, 0.78-0.82 vs 0.70-0.72 Milk FU/kg DM, (Bertoni 

et al., 1991) and 0.82 vs 0.77 and 0.73 Milk FU/kg DM (Bartocci et al., 2002), milk protein and fat 

content resulted significantly higher with the higher energetic levels of diets. Milk from buffaloes 

fed with rations with a higher energetic content also had better renneting ability. 

The different effect of diets were probably due to the different energy/protein ratio and to the 

genetic potential of the buffaloes used in the trials (Bartocci et al., 2006). 

The composition of milk fatty acids was affected by the energetic level of diet. The short chain fatty 

acids are mainly present when the energy availability is larger, otherwise, the long chain fatty acids 

prevail when food energy is smaller. The last condition favours fat mobilization and a higher long 

chain fatty acids content in blood, then in milk. The same trend was observed for the dairy cow 

(Grummer, 1991). 

The addition of whole seeds, as sunflower and flaked soybeans, to standard rations, substantially 

modified the fatty acids profile. The concentrations of short and medium chain fatty acids decreased 

while those of long chain fatty acids increased, especially C18:0 and C18:1. Diet with sunflower 

seeds resulted in the highest Conjugated Linoleic Acid (CLA) content and in the lowest omega 6 to 

omega 3 fatty acids ratio (Di Francia et al., 2005). According to Masucci et al. (2005) the CLA 

concentration in the buffalo milk fat varied greatly (from 0.51 to 1.05% wt total fatty acids) and it 



can be increased through nutritional manipulation (use of whole seeds, fresh grass, protected 

vegetable fats). Fernandes et al. (2005) found that the association of pasture with wet brewer grain 

increased the CLA content respect to the grazing animals. 

The comparison of diets with different protein concentration resulted in a higher milk non protein 

nitrogen or urea content if dietary protein was higher (Tripaldi et al., 1997; Campanile et al., 1998; 

Sarubbi et al., 2000). In a survey covering some buffalo herds the average milk urea content 

observed was 40.8 mg/dl (Di Francia et al., 2003). According to these Authors the higher urea 

content in buffalo milk compared to that of the dairy cow could be justified by higher amino acid 

catabolism and/or more efficient renal urea reabsorption (ASPA, 1999). Moreover Di Francia et al. 

(2003) suggest that milk urea can offer an useful indication to monitor efficiency of nitrogen 

utilisation in commercial buffalo herds. 

It was also observed that very low dietary protein can affect urea content and milk freezing point 

(Campanile et al., 1998). In fact the increase of dietary protein level caused an increase in urea 

content and the stabilization of the milk freezing point (-0.54 vs -0.52°C), which proved to be above 

the contractual level with lower dietary protein. 

 

7. ITALIAN DAIRY PRODUCTS  

More traditional and famous cheese from buffalo milk is mozzarella. The European Community 

recognized it as PDO 

 

 
 

“Mozzarella di Bufala Campana” 

 

and recently PDO label was assigned also to  

 

 
 

“Ricotta di Bufala Campana”. 

 



Mozzarella process originates from regions of South of Italy, where buffalo species has reared for 

some centuries. The “origin” area of PDO Mozzarella di Bufala Campana and Ricotta di Bufala 

Campana includes some regions of South and Centre of Italy. 

Other traditional cheeses from buffalo milk (Fig.4) are included in an official list. This list is 

updated and published every year on Italian gazette (MIPAAF, 2011). In succession the updated list 

of buffalo dairy products: 

o bocconcini alla panna di bufala 

o burrata di bufala 

o burrino di bufala 

o caciocavallo di bufala 

o cacioricotta di bufala 

o caciotta di bufala 

o caciottina di bufala di Amaseno  

o provola di bufala semplice e affumicata 

o scamorza di bufala. 

These products are sold on local markets, but a greater spread is possible particularly when, in the 

cold season, mozzarella consume is reduced. 

In the last years some innovative buffalo products were appeared on the Italian market. These are 

mainly soft cheeses whose process are similar to that of cheeses from bovine milk such as 

Stracchino, Taleggio and others. Among the innovative products also buffalo yogurt should be 

included. 

 

Figure 4. Some traditional cheeses from buffalo milk (Zottola, 2012) 

 

 
 



 

7.1 “Mozzarella di Bufala Campana”  

 

Below is traced the process of Mozzarella di Bufala Campana. 

 

Milk pasteurization 

“Sieroinnesto” addition 

Coagulation 

Curd cutting 

Curd acidification 

Curd grinding 

Stretching 

Molding 

Cooling in water 

Salting 

Maintenance in storage liquid 

 

Traditionally mozzarella was made only with raw milk, but the need to increase the shelf-life of 

cheese, especially if it is designed to foreign markets, force to submit milk to thermal treatment of 

pasteurization. 

Good part of particular sensorial characteristics of mozzarella are due to “sieroinnesto” utilization. 

It is a natural starter obtained from whey of mozzarella process acidified at room temperature. In a 

study on microbiological characteristics of “sieroinnesto” were identified 700 microbial strains, first 

lactic acid bacteria, coliforms and yeasts. The “sieroinnesto” addition during mozzarella process is 

crucial for curd acidification and typical flavor formation (Mauriello et al., 2003). Moreover it was 

found that the typical flavor of “sieroinnesto” varied according to their geographical location 

(Mauriello et al., 2003). 

Stretching phase (Fig. 5) is the crucial step of all kind of cheeses that in Italy are called “pasta 

filata” cheeses, that includes mozzarella. Stretching processing consists in submitting curd to an 

elongation in presence of hot water (90-95°C). Casein aggregates are bonded and they form long 

chains (Addeo et al., 1996). The stretching ability depends on pH value and colloidal calcium 

phosphate content of the curd. The pH value of curd affects both yield (fig. 6) and chemical 

characteristics of mozzarella (tab. 3). The optimal pH to submit buffalo curd to stretching is 4,8-4,9. 

At this pH values, mozzarella has higher content of fat and dry matter because the protein network 

is firmer and better able to retain higher fat percentage during stretching phase (Altiero et al., 1984). 

The ideal temperature of buffalo curd during the stretching phase is comprise between 65 and 75°C, 

when, as showed in figure 7, the maximum elongation of curd was obtained. The stretching phase, 

as molding phase, could be performed manually or by machine. 

 

 



Figure 5. Stretching phase of buffalo mozzarella (Zottola, 2012) 

 

 
 

 

Figure 6. Effect of curd pH at stretching phase on cheese yield at 0 time and after 13 hours in 

12% brine. Wm = weight of mozzarella; Wc = weight of curd (Addeo et al., 1996). 

 

 
 



 

 

Table 3. Composition of buffalo mozzarella performed by curd stretched at different pH 

(Altiero et al., 1989) 

 

curd pH 5,02 4,82 4,64 

dry matter (%) 50,1 54,0 49,2 

fat (%) 26,0 29,0 24,0 

defatted dry 

matter (%) 
24,1 25,0 25,2 

calcium 

(mg/100g) 
350 314 293 

total calcium/ 

defatted dry 

matter (%) 

1,45 1,26 1,22 

 

 

 

Figure 7. Elongation of buffalo curd according to the curd temperature (Addeo et al., 1996). 

 

 



 

Milk composition affects curd characteristics, particularly it was observed that fat/protein ratio 

affects curd stretchability. In the figure 8 it is showed that the curd obtained by the whole milk 

melts at lower temperature and elongates more than the curd obtained by the skimmed milk. In the 

presence of lower fat content, the protein network is more interconnected and so less appropriate to 

stretching processing. 

 

Figure 8. Elongation of mozzarella obtained from whole milk (triangle) and skimmed milk 

(circle) (Addeo et al., 1996) 

 

 
 

 

The milk fat/protein ratio affects also mozzarella structure, particularly its elasticity, that increases 

when this ratio decreases (Addeo et al., 1996). The different fat/protein ratio of buffalo and dairy 

cow milk affects cheese texture of mozzarella from milk of two species. Buffalo mozzarella is more 

soft and juicy than bovine mozzarella and, as we can see in table 4, has a higher fat content and 

fat/protein ratio. 

 

 

 

 

 

 

 

 



Table 4. Chemical characteristics of buffalo and bovine mozzarella (INRAN, 2012) 

 

 moisture 

content (%)  

fat content  

(%) 

protein content 

(%)  

fat/protein ratio  

(%) 

buffalo 

mozzarella  

55,5 24,4 16,7 1,46 

bovine 

mozzarella  

58,8 19,5 18,7 1,04 

 

 

7.2 “Ricotta di Bufala Campana” 

 

The «Ricotta di Bufala Campana» DOP (Fig. 9) is made with whey derived by cheese processed in 

the “origin” area. The fresh whey is heated at more than 85°C to favor whey protein denaturation. 

During the whey heating it is admitted to add a maximum of 6% of buffalo milk and/or not more 

than 5% of buffalo cream. This kind of dairy product is characterized by a high biological quality of 

protein, due to high sulfur and essential amino acid content (Quaglia, 1994; Hinrichs, 2004). 

 

Figure 9. Ricotta processing 

 

 
 

 

 

 

 



8. DAIRY PRODUCTS FROM OTHER COUNTRIES  

 

As shown in different chapters of this book, buffalo milk is the starting material to create a lot of 

different products, many of them linked to historical tradition of each country: in Bulgaria the most 

appreciated and old product is yogurt (Bacillus bulgaricus was discovered in this country), as in 

Romania typical cheeses Vladease and Braila are commonly used; very simple cheese are produced 

in Macedonia (figure 30, chapter 3); Serbia too produces a fresh cheese (figure 33, chapter 3) 

Greece products are yogurt, white cheese, butter, kaimaki, cream, similarly to Egypt where we find 

yogurt, cream, butter, ghee and cheeses produced with addition of cow milk: Domiati, Karish, Mish, 

Rhass (Borghese, 2005). Germany organized in Saxony a rich quality market with mozzarella and 

other cheeses, yogurt and creams. 

In table 5 are listed some buffalo dairy products originate from European and non-European 

countries. In the list are included industrial and home-made products. The kind of coagulation 

performed is mainly acid or acid-enzymatic. Most of cheeses are preserved in the brine at various 

salt concentration. Some of these products have some technology peculiarities. For example, in 

Domiati from Egypt and Akkawi from Syria a higher amount of salt is added to milk. In Syria is 

made Al Karish whose technology is similar to Italian ricotta. Respect to water content they are 

classified mainly soft and hard cheeses. 

In Asian countries the most quantity of milk is used for direct consumption after skimming, fat is 

used to produce butter, ghee (boiled butter) and the cream. Dry milk, condensed milk, milk 

replacers are very used in national market and for export, as different industrial utilizations (figure 

5, chapter 4). 

The National Dairy Research Institute of India formulated different foods, as whey-based lassi and 

flavoured drink, weaning foods based on whey/skin milk, soy butter milk softy, malted milk food, 

whey based soups and low fat spreads. New functional dairy products such as probiotic cheese and 

dahi, sport drinks, low cholesterol ghee, ice cream, burfi for diabetics, health food for cardio 

vascular people have also been developed (NDRI, 2009). Industry equipment and bio-preservative 

formulation for enhancing the shelf life of paneer have also been developed. Paneer is a cottage 

cheese, used in several vegetarian curry dishes in India and in other countries. 

Therefore India is a great potential producer of animal protein and food availability for human 

needs, involving many East Asian countries importing milk and meat. 

Different similar food products are available too in Pakistan (figure 22, chapter 4). 

In Indonesia typical  milk processing are adopted to conserve milk in the villages without electricity, 

causing the following products: sagon puan, from milk, sugar and egg (figure 33, chapter 4); sugar 

puan, from milk and sugar; curdle, obtained by precipitated curd; penjem, milk soft rice and cassava; 



dadiah, milk put and naturally coagulated in bamboo cane (figure 36-40, chapter 4) and sold in the 

market (Borghese and Sodikin, 2008).   

In Turkey the milk production of the water buffalo is renowned and favoured particularly for the 

production of the famous  Turkish desserts. This was one of the highest motivations for farmers to 

keep and raise water buffaloes near big cities. A semi-hard cheese called “peyaz peyneri” is made 

from buffalo milk. Ayran is a drink with water and buffalo yogurt. 

In Iran and Iraq a lot of milk products are very appreciated by people: yogurt, churned yogurt, fresh 

cream, fresh cheese, butter, ghee, ice-cream, rice pudding, dried whey, sweet and cake (figure 67, 

68 chapter 4). 

In Azerbaijan the Ital Fromage industry produces very appreciated cheese particularly mozzarella 

with advanced techniques and modern machines (figure 71,72, chapter 4); mozzarella cheese is 

produced in the capital Baku and it is possible to find it in the five stars Hotels, together with the 

red sturgeon caviar as a luxurious food. This is an example of a local rich market. Other products 

are butter, sour cream, kaymak (which is an ethnic product similar to sour cream), yogurt, cottage 

cheese and ayran. 

In American countries the buffalo livestock was imported to produce work in sugar cane plantations 

and after to produce meat in large pasture fields, particularly flood areas where cattle cannot survive; 

now, according consumer demand, selected buffalo dairy cows have been created to produce milk 

for processing as in Italy; mozzarella and other cheese are very appreciated. 

Brazil imported Murrah and Mediterranean Italian semen for this purpose and many farms created 

cheese industry and a vivacious market.  

In Argentina the Salamandra farm, 70 km from Buenos Aires, developed a semi-intensive system 

with feeding-stuff integration for milk purpose; the milk is processed to produce mozzarella with 

the same name of the farm, milk sweet and ice cream (Zava, 2011). 

In Trinidad different milk products are available in the market: yogurt, butter, ghee, mozzarella, 

queso blanco, soft cheese and dahi (figure 12, chapter 5) and paneer (cottage cheese), very used in 

Indian vegetarian dishes.   

 

 

 

 

 

 

 

 

 

 



Table 5. List of dairy products from other countries (Borghese et al., 2000 modified) 

 

Type of cheese Country of origin Principal characteristics 

White brine cheese Bulgaria Buffalo milk; ripening in brine 

Domiati Egypt Buffalo or cow and buffalo milk; salting of 

milk; ripening in brine 

Karish Egypt Skimmed buffalo or cow milk after 

acidification of cream 

Mish cheese Egypt Skimmed milk naturally acidified; ripening 

in brine 

Rahss Egypt Buffalo or cow and buffalo; pressed and hard 

cheese 

Fresh cheese Iraq Skimmed buffalo milk; soft cheese 

Madhfoor or Dhafayer Iraq Acid coagulation; ripening in brine 

Braila cheese Romania Buffalo milk; ripening in brine 

Vladeasa/Bucedis/Homoaod Romania Buffalo or cow and buffalo milk; ripening in 

brine 

Alghab/Hama cheese Syria Buffalo or cow and buffalo milk; acid-

enzymatic coagulation 

Akkawi Syria Buffalo or cow and buffalo milk; salting of 

milk; ripening in brine 

Al Karish Syria Thermo-acid coagulation of whey from 

Alghab processing 

Beyaz peyneri Turkey Buffalo or buffalo and sheep/goat milk; 

ripening in brine 
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1. INTRODUCTION  

 

1.1. Buffalo meat market  

The buffalo meat market is underdeveloped in Europe. However, in Italy we are recently very 

interested in breeding the male buffaloes for meat production.  This has led to a detectable 

enhancement  of their somatic development and to an improvement of carcass and meat quality. So, 

buffaloes are actually reared under favourable environmental and food conditions and, as reported 

in graphs 1 and 2, its aptitude to meat producing  is more and more accepted, recognized and 

appreciated. The Italian production occupies more than 90% of the total production in European 

Organization. 

Due to the lack of demand,  male calves have been a real problem for the farmer, so far. Moreover, 

the lack of knowledge about the actual potential that buffalo meat has, has relegated the 

consumption of this dish in the Italian areas historically suited to the rearing of this species. 
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The buffalo meat is quite popular in some South American countries as Argentina, Brazil, 

Venezuela, Colombia and in some Mediterranean areas, including Egypt, Bulgaria, Turkey and Iran. 

Anyway statistical data on its consumption are not very reliable, because in some countries, such as 

in Argentina, is sold as beef. In the Arab areas this meat is usually sold in the markets, accounting 

for 4-5% of total meat sold, while in Eastern Europe the incidence is around 2%. 

 

 

 

 

 

1.2. Aptitude to meat production 

 

The relatively low yield at the slaughterhouse which is found in this species (Gigli et al., 1982) 

would confirm the hypothesis that buffalo is a minor  importance species for meat production. 

Nevertheless, some studies (Ferrara et al., 1993; Gigli et al. 1996, Failla et al. 1997a,b) pointed out 

a good production efficiency and a good aptitude to meat production for buffalo bulls when 



 

 

compared with some cattle bulls not specialized for meat production, even though buffaloes  show 

an excessive fatness tendency when older than 14 months. 

So, buffalo meat could represent a considerable economic and nutritional source in all those 

countries where it is used only for the milk production, which is why it is necessary to study 

methods for buffalo meat production and buffalo meat quality improvement. 

Many studies are being conducted on methods of breeding, to achieve maximum body development 

and the best ratio between meat and fat content.  Some trials compared cattle and buffalo (Borghese 

et al., 1982, Romita et al., 1982, Abdallah et al., 1982, Failla et al 1997b), on the base of their 

production and highlighted a good aptitude of buffalo to produce meat that was similar to Friesian 

bulls ( Gigli et al., 1993). 

The first quality parameter which is taken into account for estimating the aptitude to the production 

of meat is the evaluation of the conformation and fatness of the carcass according to the SEUROP 

system. The characteristics of the carcass are influenced obviously by the level of nutrition as well 

as by the age. At 18 months of age, 75% of subjects evaluated in several experimental trails  

showed a conformation score equal to R if fed ad libitum and 50% R- if fed with a low energy level 

(Gigli et al., 2001, table 1, fig.1), whereas at 14 months we noticed only 37.5% with a R-score for 

animals fed ad libitum and 37.5% of subjects with a R- score for those fed on a low level. The fat is 

higher in animals fed a high level diet for all considered ages and buffaloes accumulate fat primarily 

in the subcutaneous layer making the fat itself easily separable (Abdallah , 1982; Dimov and Peeva, 

1994; Failla et al., 1997a). 

Table 1.  Carcass evaluation (Gigli et al., 2001) 

Age months Conformation Fatness 

6 O+ 1+ 

10 R- 2 

14 R- 3- 

18 R 3+ 

SEUROP Evaluation  

 

 

2. CARCASS COMPOSITION  

 

 

The feeding, the energy concentration of diet and age at slaughter influence the carcass 

composition.  

With the same energy supplied in the diet, the tissue composition of the carcass changes in relation 

to the type of aliment provided (Table 2). Considering the experiment conducted by Gigli et al. 



 

 

(1996) , it is possible to note that a lower roughage diet such as those based on corn silage produces  

 

 
Figure 1. Carcass of  young bull with conformation R and fatness 2+ . 

 

 

fatter carcasses, compared to a diet of hay. Grazing animals appear thin with a lower percentage of 

fat because of exercise that involves the activity of grazing. 

The animals fed with high energetic diet showed lower percentage of meat (-3.2 p.p.) and higher of 

fat (+2.5 p.p.) (Table 3) obtaining a lower quality of carcass compared to the lower energetic diet. 

Also the main anatomical regions (Table 4) have a different development depending on the type of 

finishing, The implement of the diet with greater energy concentration produces a greater 

development of the thoracic- abdominal regions, while regions dorsal-pelvic appear more developed 

in animals with a diet less concentrated. 

 

 

 

 



 

 

 

 

Table 2.  Tissue Carcass composition in buffaloes reared with different 

roughages  ( Gigli et al., 1996) 

Groups Meat% Subcutaneous 

Fat% 

Intermuscular 

Fat % 

Bone%
2
 

Maize silage 57.6  6.86 a 7.36 14.48  

Hay  61.7  4.22 b  5.97 13.69  

Pasture 60.2 3.55 c 5.48  14.05  

s.d. ** **  * ns 

RMSE 1.13 0.758 0.519 1.070 

NOTE :Percentage on side weight  (other tissues are not reported). 

The three rations have a supplementation of maize grain and proteic  concentrate   

Significant differences for*=P<0.05, ** P<0.01, *** P<0.001 between groups. 

 

Table 3. Carcass composition in buffaloes of 16  months of age 

reared with two finishing diets  ( Gigli et al. 1996) 

 Meat % Bone % Total Fat % 

High energetic diet  59.71 17.32 20.82 

Low energetic diet  62.90 17.37 18.36 

 *** n.s. ** 

M S E  1.978 0.858 2.452 

NOTE: Percentage on side weight  (other tissues are not reported). 

 

Table 4. Carcass dissection ( Gigli et al., 1996 ) 

 Trimmed 

side weight 

kg 

Neck 

% 

Thoracic 

limb % 

Dorsal 

region 

% 

Abdominal 

region % 

Pelvic limb 

% 

High energetic 

diet  

 

105.8 8.1 15.86 20.20 22.33 33.51 

Low energetic 

diet  

105.1 9.96 14.65 27.17 14.08 34.14 

 n.s. *** *** *** *** a 

M S E  9.11 0.490 0.643 0.981 1.014 1.106 

NOTE: Percentage on trimmed side.  



 

 

  

 

Compared to beef cattle, the buffalo has a greater capacity as thoracic and abdominal, involving a 

privileged development of the muscles breast and thorax. As regards the percentage of the muscles 

of the thigh and sirloin, there are no significant differences for the sirloin (6.12% vs. 6.07%), while 

the thigh is less developed in buffaloes (28.77% vs. 27.34% ) (Gigli et al., 1993). 

One of the significant parameters that change the composition of the carcass is definitely the age of 

the animal. 

Growth is an increase in size and in weight with age and development involving changes in body 

composition, and it is of great economic significance. Accurate knowledge of growth rate of carcass 

cuts and tissues is important to decide the right moment for an animal to be slaughtered, to obtain 

optimum carcass with desirable conformation. 

Generally, from birth to maturity, muscles have a higher growth speed than bone, while at last 

development stage the fat deposition, which is one of the main factors determining carcass 

acceptability and value, becomes prevalent. High nutrition levels have often been shown to increase 

fat proportion in carcass, while they seem to have relative influence on  proportions of various 

muscle groups. 

Animal development is generally quantified using the allometric equation by Huxley (1972). This 

equation describes the relationships between a body component and the whole body itself during 

growth. A detailed study of  buffalo carcass composition (tissues and different cuts) describe the  

relative growth in terms of allometric relationship. 

The slope of resulting regression (b) is called allometric growth ratio. If b=1 the tissue is growing at 

the same rate of whole (isoauxesis), if the b>1 the single tissue  is growing faster than the whole 

(tachiauxesis), if b< 1 the tissue is growing slower than the whole (bradiauxesis).  

Muscle comprises a high percentage of the body at birth, then begins to decrease as the fattening 

phases proceeded. Fat becomes the major influence on carcass composition later in the life of the 

animal. Bone has very little effect on carcass composition during growth. 

During an examination of growth, it is evident there is a tendency for the distal extremities or 

appendicular skeleton to complete the growth cycle first, followed by proximal and axial parts. The 

pattern in which  bones and limbs develop is referred to as centripetal growth  characterized by the 

early development of  bone at the extremities with waves of growth moving to the center of the 

body. Besides growth begins at the extremities  and moves to the center of the animals, there are 

waves of growth moving along the vertebrate column from the posterior to the anterior of the 

animal. 

Dorsal regions and neck (Table 5) showed isoauxesis, pelvic limb showed bradiauxesis and 



 

 

abdominal regions tachiauxesis in both groups, while thoracic regions had bradiauxesi in a trial 

with different energy levels (Failla et al., 1997a); meat (Table 6) had a growth similar to side, since 

it showed an allometric coefficient not different from 1 in both groups, also if b coefficient of high 

energetic  diet was significantly lower than the other group’s one (0.960 vs 1.006). Therefore, the 

animal reared with low energetic diet showed more miogenesis tendency at later age if compared to 

high diet. Bone showed bradiauxesis in both groups, because this tissue has a precocious 

development. Different nutritive levels produced different skeletal development causing less mature 

animals. Total fat and, particularly, subcutaneous fat, confirmed precocity in high energetic diet 

group . In fact, even if subcutaneous and total fat generally showed tachiauxesis if compared to 

side,  significant differences were found between  diets, while growth speed of intermuscular fat 

(having b coefficient significantly (P<0.05) lower than subcutaneous fat but greater than 1) was 

similar for both groups. 

 

 

Table 5. ‘b’ coefficient of regions compared to total size ( Failla et al.,1997a ) 

 Hight energetic diet  

± s.d. 

Low energetic diet ± 

s.d. 

Significant 

differences 

Pelvic limb 0.889±0.009 a 0.909±0.012 a n.s. 

Thoracic limb 0.919±0.012a 0.962±0.013 ** 

Dorsal region 1.077±0.014 1.075±0.017 n.s. 

Abdominal region 1.225±0.012 a 1.157±0.016 a *** 

Neck 0.924±0.028 0.959±0.039 n.s. 

NOTE: a=different by 1; 

 

 

Table 6. ‘b’ coefficient of tissues compared to total size ( Failla et al., 1997) 

 Hight energetic diet  

± s.d. 

Low energetic diet 

± s.d. 

Significant 

differences 

Meat  0.960±0.012 1.006±0.016 * 

Bone  0.690±0.016 a 0.772±0.018 a *** 

Subcutaneous fat 1.799±0.056 a 1.587±0.079 a ** 

Intermuscular fat  1.542±0.053 a 1.339±0.064 a ns 

Total fat 1.655±0.044 a 1.442±0.064 a ** 

 



 

 

 

 

3. MEAT QUALITY  

 

The quality of a food can be simply analyzed according to 2 points of view: that of the researcher 

and that of the consumer. The researcher will investigate various factors influencing the properties 

inherent and / or expressed of the product itself, in order to reach and meet the demand of quality of 

the consumer. The latter, in turn, based on its culture, on its "taste", according to the official 

definition (ISO 8402), identify the set of properties and characteristics of the product that may give 

to the same the attitude to satisfy his needs (expressed or implied). Quality, therefore, is not an 

attribute of the product, but a multifactorial and complex feature determined by the composition of 

the tissues that constitute it, by its organoleptic characteristics (color, tenderness, smell, taste), 

technological (pH, water retention), as well as sanitation properties and it is influenced by genetic 

factors (species, genetic type, sex, etc..), environmental factors (nutritional status of the animal, 

carcass processing, storage conditions and cooking of the product) and by their interaction. 

1. Fiber types 

 Muscles can be  classified as red if they had more than 40% β- red fibers (SO) and white if they 

had more than 40% of α-white fibers (FG), all other muscles were classified as intermediate. This 

arbitrary classification, reported by Kirchofer et al. (2002), determined that nine of twelve muscles 

from the round were white and only three (vastus medialis, vastus lateralis, and sartorious) were 

classified as intermediate. In contrast, muscles of the chuck were evenly dispersed between red (10 

of 26), intermediate (9 of 26), and white (7 of 26).  

The studies on growth and distribution of fiber types in the buffalo, from what we know, are still 

few. 

Among Caput longum tricipitis brachii (CLoTB), Longissimus dorsi (LD) and Semimembranosus 

(Sm) of 12 buffalo muscles, LD and Sm showed the same percentage of fast fibers, although  the 

Sm had more fibers with  oxido-glycolytic  metabolism (+4% ), and the same percentage of slow 

fibers (28%), higher than CLoTB (26%) (Barone et al., 2005). Furthermore, the FG fiber was larger 

than SO type of  about 60% in Sm muscle, 50% in LD and 44% in CloTB (Figure 2). Such 

differences could be explained by the likely increased activity of CLoTB, which is mostly used as 

an extensor of the forearm compared to LD and Sm. 

 

 



 

 

Longissimus dorsi muscle  

Caput longum tricipit brachii muscle  

 

  Semimembranosus muscle  

 
Figure 2. ‘ Combined’ Acid m-ATPase+SDH technique showing three fiber types in buffalo 

muscles (Barone et al., 2005). 

 

 

Matassino et al. (1997) investigating the structure of three buffaloes muscles [gluteobiceps (Gb), St 

and LD] have found that the FG and SO fibers are more developed in St muscle, which also shows a 

greater variability and a significantly higher percentage of fast fibers. Correlations between muscle 

fiber size and quality characteristics of meat (hardness, free water, chewiness and shear force) lead 

the Authors to exclude the existence of a unique relationship between muscle’s metabolism and 

rheological characteristics of the meat.  

The comparison between Italian Friesian cattle and  Italian buffalo of the same age (28 and 36 

weeks) showed a more rapid postnatal growth in buffalo and better  quality of meat: tender, lighter, 

with higher nutritional value (Matassino et al., 1978) 



 

 

Comparing  percentage of fiber types of LD and St of buffaloes of different age  with Marchigiana 

and Chianina bulls of 22-24 and 14 months of age, it is evident that there is an increase of slow 

fibers types when buffalo grow up (Matassino et al., 1997). 

 

2. Tenderness 

Quality traits defined by sensory analysis include tenderness, color, juiciness, flavour, overall 

palatability.  Tenderness is usually the primary parameter of satisfaction for consumers (Miller et al. 

1995). Its value  is dependent on the physico-chemical state of the muscle proteins, whether they are 

proteins of connective tissue, myofibrillar and sarcoplasmic. The proteolysis may be considered in 

itself a good indicator of the increases of tenderness which is realized in a cut of meat during the 

aging period, but, in agreement with Anderson et al. (2012), without the support of the information 

coming from the pH, from connective tissue and muscle fibers is of little predictive value.  

Many in vivo factors affect  the quality of buffalo meat, the most important are breed, age, feeding 

level, management system and environmental condition (Borghese, 2005). 

Matassino et al. (1984) comparing  27 Italian Friesian cattle with  27 Italian water buffaloes of 8.5, 

12 and 15 months of age, showed that by  increasing the age the buffalo meat is more tender and 

with a higher value of springiness while the bovine meat has a less value of adhesiveness, 

cohesiveness and total moisture release. 

Spanghero et al. (2004) on 10 month buffalo bulls compared with  Italian Simmental cattle reported  

higher tenderness in the former  (shear force: 46.3 vs. 68.8 N).  The overall acceptability and 

flavour of raw meat did not differ significantly between species, even if the tenderness of beef was 

perceived as being significantly better than buffalo meat.  Consumers rated differently the two types 

of cooked meat, giving higher hedonistic scores to the products from buffalo. In both kinds of meat 

preparations (raw and cooked), the tenderness was the sensory attribute which allowed better 

discrimination between the two types of meat. Moreover, the flavour developed during cooking 

affected consumers’ appreciation, making both meats more palatable; in particular, the flavor 

acceptance rating of buffalo meat increased more  than beef.  

More recently, Neath et al. (2007) found that buffalo meat is more tender than that obtained from 

Brahman cattle of the same age (2 years), same gender (females) and subjected to the same diet 

(50% fresh grass and 50% mixed concentrated). They measured the tenderness during 14 days of 

postmortem storage and found that buffalo Longissimus thoracis (LT) had a significantly lower 

shear force than cattle LT at 2, 4, 7, and 14 d postmortem, and no significant difference in the rate 

of tenderization during this period. Buffalo semimembranosus (SM) was also significantly more 

tender than beef SM, with one exception being the shear force value at 2 d postmortem, which was 

due to an outlier in the cattle group.  



 

 

About the effect of feeding pattern and ration composition during finishing, two diets were 

compared by Failla et al. (2007), on 14 male buffaloes subdivided in two groups.  The first group 

fed alfalfa hay (61% of DM), barley grain and protein, mineral and vitamin supplement (AH), while 

the second group fed maize silage (65% of DM), barley grain and protein, mineral and vitamin 

supplement (MS). The diets had the same protein and energy concentrations (6.00 UFV/kg DM, 798 

g of PDI/kg DM), while they differed in DM (on average 7.78 kg/day and 6.79 kg/day respectively 

for AH and MS) and in starch content (on average 1.75 kg/day and 2.30 kg/day respectively for AH 

and MS). The animals were slaughtered at 16 months of age and at 3 hours from slaughter the 

longissimus thoracis muscle was removed and stored at 2+1 °C until 14 days, to evaluate the effect 

of aging times on meat quality. Shear force value was higher for the animals fed on alfalfa hay 

during whole aging period (from 5.78 kg to 3.32 kg for AH and from 4.70 kg to 2.63 kg for MS). 

Diet affected  aging performances, particularly for tenderness and also if the MS meat showed 

lower shear force, it appeared more degraded and not very bright. 

Lapitan et al. (2008) compared ten crossbred cattle and 10 crossbred water buffalo, with an average 

age of 22 months (18–24 months). The animals fed similar diet, which consisted of 85% Napier or 

Para grass and 15% concentrate mixture on a dry matter basis, for 180 days before slaughter. In 

regard to carcass and meat quality, the crossbred water buffalo was comparable or slightly superior 

to the crossbred cattle in tenderness, sensory score of color (P < 0.01) and flavor (P < 0.05). These 

results clearly indicate that at a younger age and even under high roughage-based fattening rations, 

crossbred water buffalo are able to produce good quality meat, which will be no  inferior to that of 

crossbred cattle in the Philippines. 

Some years ago samples of cooked muscle of Swamp buffalo, Hereford, Angus, Friesian and 

Charolais cross steers were sheared and scored by a taste panel for tenderness, flavour, juiciness and 

palatability (Charles 1982). The cattle fed commercial pellets from 9 months of age to slaughter at 

12,15 and 18 months. The buffaloes were fed one of four regimens: all pellets, all hay, 3/4 pellets 

and 1/4 hay or 1/4 pellets and 3/4 hay from 13 to 22 months of age to slaughter at 20 to 34 months. 

There was little difference between the buffaloes and the cattle in shear-force or taste panel scores. 

Age at slaughter had no significant effect on the quality traits measured in either the buffaloes or the 

cattle. The feeding regime did not influence the tenderness, flavour or palatability of buffalo muscle 

but the high pellet diets increased juiciness. 

The effect of stage of maturity (8, 12 and 16 months), level of nutrition (100, 115 and 130% of both 

energy and protein) and muscle type, on the quality of some selected muscles: longissimus dorsi 

(LD), biceps femoris (BF), triceps brachii (TB) and semitendinosus (ST), from male buffalo calves 

was evaluated by Sekhon and Bawa (1996). The LD muscle gave higher values for pH, acidity and 

glycogen contents while ST gave higher values for Warner Bratzler shear force. A significant 



 

 

increase in shearforce values was observed with increase in level of nutrition. The shearforce values 

which are an indicator of toughness/tenderness increased with the stage of maturity. The 8–12 

month old male buffalo calves reared on 130% level of nutrition had the best fresh meat quality 

indicated by the various parameters evaluated. 

Most of the experimental work that have investigated on meat quality were carried out  on 

Longissimus and Semitendinosus muscles, and the results obtained were used to draw inferences on 

the whole carcass. But this usage, considered incorrect by Matassino et al. (1984) and Shakelford et 

al., (1995) does not take into account the fact that the tenderness varies between muscles and within 

the muscles as shown by Belew et al. (2003).    

Barone et al. (2000) have shown that the cooking results in a flattening of the quality parameters of 

the buffalo meat: the significant differences between muscles in the raw value of hardness, shear 

force and chewiness become insignificant once the meat has been cooked at both water bath that 

with microwaves. Furthermore, the cooking determines a slight increase of hardness if the value is 

already high in raw meat but does not induce a significant increase if the initial value is very low.  

Vasanthi et al. (2007) about the effect of cooking temperature (80–100 °C) and time (30–60 min) on 

collagen solubility of Semimembranosus muscle in carabeef buffalo, report  that pressure cooked 

meat furnish maximum tenderness scores with lowest shear force values compared to the meat 

cooked in water baths at different temperatures. However, they  concluded that cooking of buffalo 

meat at 100 °C for 45 min improved collagen solubility and tenderness to the same extent as 

pressure-cooking, respect to cooking in the oven at 80, 90 and 100 ° C. They supposed that such 

results could be due to the completion of collagen shrinkage within few minutes of heating. 

 

3. Colour 

Although nutritional value as well as  texture and smell are important qualities of meat, the most, 

and probably the first important trait valued by consumers when they buy meat remains the bright 

red colour. It is the appearance that determines how consumers primarily perceive quality, which 

significantly influences purchasing decisions. The colour of meat depends largely from the amount 

and state of myoglobin (Mb), the pigment of the muscles. The conversion of Mb to oxymyoglobin 

(OxyMb), responsible of the cherry red colour, is caused by covalent binding of molecular oxygen 

to the free binding sites of heme, while Metmyoglobin (MetMb) is formed by the oxidation of heme 

iron from the ferrous to ferric state, under anaerobic conditions.  

 

 



 

 

 
Dosi et al. (2006) have determined the main structural and functional properties of buffalo Mb. 

After the muscle surface is exposed to the air, the changes in colour start to appear in a process 

called blooming or oxygenation (Lindahl 2003; Mancini and Hunt 2005).  

Colour stability is important in meat quality assessment. Ficco et al., (2010) studying the effect of 

packaging and aging time on shelf-life of buffalo meat compared to yak and beef meat, found that 

the increase of the lipid oxidation during storage time occurred in all species considered, but was 

higher in buffalo stored in MAP that showed the highest malonaldehyde content (0.37, 1.75 and 

2.90 mg/g at the three times), while in VP packaging did not show significant difference compared 

to the others. An important storage time effect was evident in colour parameters for all species. 

Metmyoglobin was increased during time particularly for buffalo meat and pigment oxidation, 

measured by MetMb percentage, was higher in meat stored in MAP than in VP (17.5 % vs 15.2 %).  

The results of Barone et al. (2005) show that vitamin E integration (600 IU, 1500 IU) determines 

higher colour stability on buffalo meat respect to control group (without vitamin E in finishing 

period). Total colour difference observed between time 0 (the end of ageing) and after 2, 4, 6 or 8 

days was lower in vitamin E samples and higher in control samples, showing meat less dark in 

buffaloes with vitamin E integration. These results were confirmed by the lower metmyoglobin 

level during all considered observation days on vitamin E samples, and higher percentage of 

oximyoglobin and deoximyoglobin. Moreover muscles discolor at different rate: more rapid Sm, 

less CLoTB.  
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Figure 3. 3-6: perceptible difference and acceptable quality, 6-12: high colour difference; poor 

quality at 0, 2,4,6,8 days.
 

 



 

 

Zicarelli et al (2005) on the same animals observed that  the slices of the subjects treated with 1500 

I.U. of vitamin E were judged saleable, as well as those of the subjects treated with 600 I.U. of 

vitamin E, whereas the slices of the control group were considered at the end of their shelf-life. 

Eleven days after slaughter the slices of the subjects treated with 1500 I.U. of vitamin E were still 

judged saleable, whereas those of the subjects treated with 600 I.U. of vitamin E were considered at 

the end of their shelf-life. The slices of the subjects belonging to the control group were considered 

not saleable (Figure 3). The cost of the treatment with 1500 I.U. of vitamin E was 0.86 € and 0.30 € 

respectively for kg of meat and of live weight. 

 

 

4.  Nutritional characteristics 

Very good investigations, conducted mainly in Australia, Bulgaria, Italy, Thailand and Trinidad, 

show in an univocal way that the daily gain, the percentage of dressing and of the first cuts and the 

organoleptic  characteristics are quite similar and sometime also better than those of bovine cattle. 

The best slaughter time is at 14-16 months of age when the live weight is of 350-380 kg with a 52-

58 percent of dressing. 

Many studies  have reported that buffalo meat, when the animal is properly bred to obtain meat, 

such as bovine beef, has some particularly interesting nutraceutical features (Cutrignelli et al., 1996; 

Campanile et al., 2001a,b; Di Luccia et al., 2003; Infascelli, 2004; Infascelli et al. 2005). The  

nutritional values is better than other kinds of meat, with lower calories content than bovine meat, a 

low saturated fat content, a high protein level and a large percentage of iron (table 7). 

 

 Table 7. Nutritional features of buffalo meat (100g) compared to other kinds of meat, available in 

Italian market (Di Francesco, 2010). 

 Protein          Fat  
(%)                (%) 

Cholesterol  
(%)  

Iron  
(%)  

Calories  
(Kcal)  

BUFFALO  24.0  1.5  35  2  130  
BOVINE  22.0  19.0  80  1  280  
HORSE  22.1  7.0  60  4  140  
LAMB  26.0  15.0  92  0  241  
CHICKEN  29.0  3.0  80  0  152  
OSTRICH  24.0  2.0  63  0  105  

 

Giordano et al. (2010) refer that water buffalo meat, in comparison with ground cow meat, has a 

lower energy yield (131 kcal vs 289 kcal every 100 g of cooked meat) and a higher concentration of 

protein (26.8 g vs 24.1 g), but a lower concentration of lipid (1.8 g vs 20.7 g), especially saturated 

fatty acids (0.6 g vs 8.1 g), and rather similar iron content (2.1mg vs 2.4 mg).  



 

 

Buffalo meat have a lower concentration of total saturated fatty acids than beef, but higher level of 

stearic and oleic, two fatty acids neutral to human serum cholesterol, and, moreover, of linoleic 

acid, an essential fatty acid (Ferrara and Infascelli, 1994; Huerta-Leidenz et al.,, 1997). Di 

Francesco ( 2010) remarks that in buffalo meat  the impact of saturated fat is always lower (45-

40%) than unsaturated fatty acids (56-60%), while in bovine beef, this ratio is reversed. Currently, 

considerable attention is given to the role of monounsaturated fatty acids (MUFA), and in particular 

to the linoleic acid, because able to reduce oxidation of low density lipoproteins (LDL) cholesterol 

(Parthasarathy et al., 1990). Higher saturated fatty acid percentage in 10-month buffalo bull than 

Simmental beef was found by Spanghero et al. (2004), who supposed that this result was linked to 

its greater intramuscular lipid content, but the same behaviour was observed by others researchers in 

Italian Mediterranean Buffalo meat (table 8) with some differences according the diets. 

    

Table 8. Satured and unsatured fatty acids in Italian Mediterranean Buffalo meat. 

 

 

 Triacylglycerols of buffalo intramuscular lipids varies essentially according to the age of animals 

and to a lesser degree according to the energy level of the feed according Di Luccia et al.,( 2003), 

who reported fatty acids in relation to the muscle within the diets (table 9).  

 

 

 

 

 

 

 

 

 

 

 

 

Reference Muscle SFA MUFA PUFA SFA/UFA Note

Spanghero et al. (2004) LT+St 41.58 36.23 23.18 0.724

Infascelli et al. (2005) LT 38.40 37.30 24.30 0.62

Romano et al. (2007) LD 54.46 45.58 1.19 1500 IU vit E

Romano et al. (2007) LD 51.22 48.27 1.06 600 IU vit E

Romano et al. (2007) LD 52.37 47.72 1.09 Control group

Di Luccia et al. (2003) LD 53.48 41.49 4.37 1.17 Diet H

Di Luccia et al. (2003) LD 51.17 41.26 6.70 1.07 Diet L



 

 

Table 9. Mean value of saturated fatty acids (SFA), monounsaturated (MUFA), polyunsaturated 

(PUFA), unsaturated (UFA) and ratio SFA:UFA in relation to the muscle within the diet: H=maize 

silage ad libitum, 0.9 kg/d soybean meal,  0.1 kg/d mineral vitamin supplement; L= 50% of maize 

silage of H group, same level of soybean meal and supplement (Di Luccia et al., 2003) 

 

 
 

 

  

 
A group of geometric and positional isomers of linoleic acid (Conjugated linoleic acid,CLA) to 

which anticancerogenic, antidiabetic, and antiatherogenic effects, as well as effects on immune 

system, bone metabolism, and body composition are attributed received many attention in the last 

years. Meat from ruminants has higher levels of CLA than meat from non-ruminants. The highest 

CLA concentrations were found in lamb (4.3–19.0 mg/g lipid) with slightly lower concentrations in 

water buffalo (1.83 mg/g fatty acids) and in beef (1.2–10.0 mg/g lipid)  (Schimd et al., 2006).  

Buffaloes, compared to cattle, have larger ruminal capacity, slower rumen motility, higher retention 

time of the ruminal contents and better digestion (Shultz et al., 1977). These aspects of rumen 

physiology could explain  in part, according to de Mendoza et al. (2005), the differences in content 

of CLA and its isomers found between the species.  Regardless of  genetic differences, also effects 

of age is important in CLA level as shown the data reported in Table 10.  

Romano et al. (2007) found significant effect of  level of  vitamin E supplementation: diet H (1500 

IU), diet L (600 IU) and Diet Z (control group) on CLA content of 3 buffaloes muscles: 

Semimembranosus for diet L has shown an higher content than Triceps brachii  and Longissimus 

dorsi (table 11).  

 

Muscle

CLoTB Gb LD St Sm

Diet H

SFA 45.55 46.88 53.48 45.43 44.59

MUFA 45.19 44.36 41.49 47.26 43.93

PUFA 8.13 7.53 4.37 6.45 11.38

UFA 53.33 51.89 45.86 53.71 55.31

SFA /UFA 0.85 0.90 1.17 0.85 0.81

Diet L

SFA 45.43 44.62 51.17 43.78 45.46

MUFA 40.61 45.04 41.26 43.48 39.85

PUFA 12.42 9.09 6.70 12.25 14.31

UFA 53.03 54.13 47.96 55.73 54.16

SFA /UFA 0.86 0.82 1.07 0.79 0.84

Σ CLA   0,45a 0,51b 0,32c 0,48a 0,46a 0,57b 0,91a 2,02b 1,58c  

SFA   54,46a 51,22b 52,37c 50,31 50,26 50,99 48,56a 50,08b 49,61b  

UFA   45,58a 48,27b 47,72c 49,90 49,42 48,89 51,49a 49,98b 50,52b  

SFA/UFA  1,19a 1,06b 1,09c 1,01 1,02 1,04 0,94a 1,00b 0,98b  



 

 

Table 10. Effect of species on total lipids content (g/100 g fresh meat), LA and CLA isomers 

content (mg/g intramuscular lipids) in longissimus dorsi muscle at post-weaning ages (De Mendoza 

et al., 2005) 

Species  

Fatty acid   Buffalo (n=51)  Cattle (n=48)  Buffalo (n=16) Cattle 

(n=17) 

Post weaning   7 months 

C18:2 c9,c12    12.86±0.37  13.87±0.38  18.74±0.69  15.32±0.69  

C18:2 c9,t11    1.27±0.04  1.01±0.04  2.66±0.06  2.01±0.06  

C18:2 t10,c12    0.56±0.002  0.47±0.02  0.95±0.04  0.68±0.04  

Total CLA    1.83±0.06  1.47±0.06  3.61±0.06  2.70±0.06  

CLA:C18:2 c9,c12   0.10±0.004  0.07±0.004  0.14±0.008  0.14±0.008  

Total lipids    1.60±0.04  1.40±0.04  1.38±0.06  1.27±0.06 

 

Giordano et al. (2010), comparing recent consumers of water buffalo meat vs subjects who had 

never consumed water buffalo meat and long-standing consumers of the same kind of meat, suggest 

that a larger consumption of water buffalo meat could confer significant cardiovascular benefits, 

while continuing to provide a substantial proportion of the recommended daily allowance of 

protein. From baseline to follow-up, recent consumers of water buffalo meat change their intake of 

water buffalo meat from none to 600±107 g per week, with ensuing reductions in cow meat 

consumption from 504±104 to 4±28. At the end of the study, recent consumers of water buffalo 

meat showed a significant decrease in total cholesterol and triglycerides levels, lower pulse wave 

velocity, as well as a more blunted response to oxidative stress from baseline to follow-up in 

comparison with subjects who had never consumed water buffalo meat. The Authors concluded that 

water buffalo meat could be recommended as a safer and healthier alternative to cow meat, whereas 

continuing to provide a substantial proportion of the recommended daily allowance of protein. 

In conclusion, buffaloes have a high capacity for adaptation and are efficient production animals 

across broad climatic zones. This is the principal motivation able to explain the increasing interest 

in the world regarding buffalo breeding especially in tropical countries. The good feed conversion 

efficiency of buffaloes and the relatively low maintenance requirements are attributes which make 

them ideal in low-input, low-cost production systems (Zicarelli, 1994, Kandeepan et al., 2009). 

 

 

 

 

 



 

 

Table 11. Effect of dietary vitamin E content on the CLA, and triglycerides composition of Italian 

Mediterranean buffalo meat (Romano et al.,2007) 

LD    TB   Sm 

Fatty acids %   H  L  Z  H  L  Z  H  L  Z 

C12:0    0.03  0.09  0.05  0.22  0.40  0.42  0.24  0.28 

 0.32 

C14:0    1.40  1.51  1.64  2.03  1.b  2.0  1.26  1.35 

 1.49 

C14:1    1.48  1.16  1.29  0.6 0.74  0.59  0.29  0.62 

 0.43 

C15:0    0.29  0.26  0.31  0.29  0.45 0.54 0.42  0.51  0.56 

Iso/ante C16:0   0.25  0.13  0.25  0.18  0.21  0.29  0.17  0.20 

 0.22 

C16:0    25.88 23.13  24.44  23.73  23.17  23.81 25.50  25.84

 25.40 

C16:1cis   2.18 2.68  2.55  2.91 2.41 2.4  2.54  2.14  2.20 

C17:0    1.52  1.98  1.48  1.73  1.52  1.14  1.04  1.05  

1.28 

iso/anteiso C18:0  0.33  0.49  0.36  0.36  0.77  0.69  1.58  1.45  1.40 

18:0    23.15  22.31  22.83  20.03  19.32  20.32 17.00  17.60  17.10 

C18:1t    0.70 0.95  1.09  0.87 1.13  1.25  1.24  1.13  

1.26 

C18:1n-9cis   32.52  34.76  35.47  32.88  31.26  32.00  33.76  

32.53  32.80  

others C18:1   0.97  0.62  0.54  0.72  0.25  0.63  1.20  1.24 

 1.36 

C18:2    5.28  5.59  4.86  9.78  10.17  9.09  8.86 8.41

 7.43 

C20:0    0.36  0.24  0.17 1.18  1.80 0.88  0.54  0.44  

0.50 

C18:3 n3 e n6   0.85  1.15  0.76 0.68  1.59  1.29  1.24  1.26 

 1.51 

CLA 9c-11t;9t-11c;7t-9c 0.45  0.51  0.32  0.48  0.46  0.57  0.91 1.02 

 1.57 

cis 11.14 C20:2   0.42  0.25  0.21  0.44  0.28  0.27  0.16  0.45 

 0.67 

C22:0    0.51  0.64  0.45  0.32  0.29  0.44  0.55  0.88  

0.80 

C22:1    0.72  0.56  0.61  0.54  1.13  0.79  1.27  1.19 

 1.28 

C24:0    0.74  0.46  0.38  0.23  0.53  0.38  0.26  0.48 

 0.54 

Σ CLA    0.45  0.51  0.32  0.48  0.46  0.57 0.91  2.02  1.58 



 

 

5. Cured products made with buffalo meat 

 

Some products obtained from buffalo meat have an important diffusion in the Italian 

market (look also at chapter 3); here some typical products in the south Italy are 

reported. 

 

 “Naples” salami. 

We prepared three different salami types. Two of them being composed of buffalo 

meat only, and the other containing about 5 %  of pork meat. Salami were made 

according to “Naples” handcrafted methods. The salami were regular and attractive 

shaped and had a normal and smooth covering of mold. The texture of salami resulted  

quite soft although slightly higher in the mixed pork one. When cut, the lean was rich 

red colored, but a bit darker in those containing only buffalo meat. Anyway all three 

types appeared slightly darker than the regular salami of pork. The mixed meat salami 

presented a white and shiny fat while the fat of full buffalo salami  was ivory and 

opaque. Slices were dry and enough homogeneous both for manual and mechanical 

cutting, for all three salami types. 

 

Buffalo Bresaola 

Delicate dry salt meat obtained from  first quality thigh cuts with a soft flavour resulting from the 

special salting and the long ripening, obtained by 100 % buffalo meat, salt, pepper and natural 

flavoring.  

 

Spicy buffalo sausage 

Hooked spicy sausage wrapped in natural gut. Ripening lasts at least 30 days, obtained by  85 % 

buffalo meat, 15 % pig lardon, salt, pepper, spices and natural flavouring 

 

Salame schiacciata di bufalo 

Flat buffalo sausage (schiacciata di Paestum) 

Middle grain flat sausage with lardon core wrapped in natural gut. Light and pleasant taste.  In this 

salame the pig lardon is only about 10% . 
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Buffalo breeding presents great differences in the world due to climatic conditions and to 

production purposes. This arouses different welfare problems that can vary from the absence of 

primary needs to the support of the productivity increase related to management techniques 

improvement and genetic progress. In particular, buffaloes can be managed under domestic 

conditions for multipurpose in agriculture production: draught power, meat and manure. In this kind 

of management buffaloes are allowed grazing according to season and weather conditions and 

welfare problems are mainly related to climatic and health conditions since buffaloes are well suited 

to poor feeding management. In spite of a tropical origin, buffaloes are quite sensitive to extreme 

climatic conditions. In fact they are easily stressed when temperature and humidity are high (Than 

and Chang, 2007). Facing climatic unfavourable situations (high or low temperature), not only do 

buffalo’s reactions involve physiological and metabolic answers, but also behavioural ones. 

Buffalo’s coping behaviour under high temperature conditions, can be expressed only in presence of 

two fundamental elements: water and shade. In presence of water, wallowing has two fundamental 

purposes for buffaloes: cooling to regulate body temperature and protection from parasites 

(Cockrill, 1974). The first one is performed during the daytime hottest hours; the second at night-

time. The most efficient ways to lower buffaloes' body temperature and respiration rate apart from 

wallowing, are represented by showering followed by shading. Under these conditions, buffaloes 

always show lower body temperature, respiration rate and pulse rate compared to cattle. Water 

excretion rate through urine in buffaloes is higher than in cattle as buffaloes have a grater 

dependence on external water because of their evolutionary adaptation to wet environments (Koga 

et al., 2004). Therefore the conductive heat loss used in buffalo heat dissipation is more effective in 

hot-humid climates than the evaporative one and makes buffaloes withstand high temperatures by 

virtue of their wallowing behaviour during the hottest part of the day, remaining in muddy water for 

several hours (Koga and Chaiyabutr, 2006). In extreme cases, showering of the buffaloes for three 

minutes twice a day has proven to be effective in eliminating the excessive heat. Other thermal 
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ameliorating measures include sprinkling, splashing, body wetting with small quantity of water and 

providing cool drinking water. The protection against thermal stress can also be provided by 

cooling devices as fans and air coolers. Furthermore ventilation, both mechanical and natural, 

assists in removing from the environment excessive moisture, carbon dioxide, dust, noxious gases 

and airborne infectious organisms, and replacing these with fresh air. For the same reason, in hot 

humid climates it would be better to avoid walls as they may lead to inadequate ventilation, thus 

favouring bacteria and mold growth. Shade has a large impact at high temperatures on buffalo 

physiological responses and is necessary even in warm climate conditions (Botigeli Sevegnani et 

al., 2007; Zava, 2011). It is considered the best cooling system due to the fact that it helps animals 

without needing great water volumes or expensive types of housing (Roncoroni et al., 2008). 

Anyway it is important to avoid that buffaloes walk in the hot sun (Sastry, 2003) as during exposure 

to direct solar radiation rectal temperature values and respiratory rate are increased probably due to 

the dark body, lesser density of sweat glands and the thick epidermis which reduces evaporation 

(Gudev et al., 2007). Weather conditions greatly influence animals' health and production. Sudden 

changes in temperature, either rise in T max or a fall in T min, cause a short to long term decline in 

buffalo milk yield and shorten lactation period. In high temperatures buffalo milk production 

reduces from 10 to even 50% (Rane et al., 2003). In particular high yielding buffaloes require a 

high feed intake to maintain high milk production, thus increasing metabolic heat. These animals 

need more cooling facilities in feeding, watering and milking places, that could be simply 

represented by trees or roofs. In hot periods, lactating cows increase milk somatic cell count and 

mastitis incidence since the lower food intake causes vitamin A, vitamin E and selenium to 

decrease, and the greater cortisol levels inhibit leukocytes functions (Jacobsen, 1998). Temperature 

rise may negatively impact reproductive functions increasing the incidence of silent oestrus and 

short oestrus (Upadhyay et al., 2010). In fact heat stress in buffaloes (32°C) has also shown to 

influence endocrine system and reproductive performances increasing ß endorphines and lowering 

progesterone levels, leading to a delayed ovarian activity till 70 days post partum, to a shorter 

duration of oestrus and to a greater incidence of silent heats and anestrus (Hussein et al., 1997). 

Reproductive efficiency is impaired by stress in male buffaloes, too. Swamp buffaloes have shown 

a decrease of 50% in testicular weight and temporary sub-fertility or infertility after exposure to 

capture stress (McCool and Entwistle, 1989).  

Considering hygienic-sanitary welfare indicators, in countries characterized by traditional rearing 

systems some infectious and parasitic pathologies have not been eradicated, yet (Fagiolo et al., 

2005). On the other hand, intensive breeding is characterized by eradication of the main infectious 

diseases but the emergent problems are represented by conditioned pathologies. In particular, the 



Mediterranean and most of all the Italian Buffalo has been converted from a rustic triple-purpose 

animal, to a dairy purpose one. In order to improve the production, intensive techniques and 

mechanization of farm activities have been introduced, mostly inspired to dairy cattle farming. 

Actually milking is quite always performed by machine milking without the calf; housing systems 

often do not contemplate grazing but loose housing with or without cubicles; diets present high 

energy and protein concentration and are often distributed as total mixed ration.  

About the housing features, the design, location and construction of a feedlot and/or a paddock 

should take account of topography, climate, age and size of animals, space and feed requirements, 

and labour and management skills available. Yard design should avoid sudden changes in level, 

poor lighting, narrow passages and awkward or 90° turns. Yards should be of strong construction 

particularity around areas of confinement as buffaloes are much more capable of destroying yards 

than cattle of a similar size. Facilities should permit adequate restraint of buffaloes requiring 

inspection or treatments. Races and crushes should be constructed to permit efficient handling of 

buffaloes without unnecessary danger to animals or handlers. Head restraint facilities should be 

constructed to allow quick release and to avoid the risk of choking.  

The use of goads, made of cane, leather or plastic pipe, for the handling and moving of buffalo 

should be limited to an absolute minimum necessary to complete the procedures. The use of 

patience and reward in handling buffalo are the greatest principles.  

Adequate provision should be made for cleansing, drainage and waste disposal. Floors of yards, 

sheds, pens and loading ramps should have a surface that minimises slipping (eg. a roughened or 

grooved finish) but still allows easy regular cleaning. Yards should have sufficient slope to provide 

effective drainage. 

Passageways, races, entrances and exits should be designed to take full advantage of the highly 

developed social behaviour and movement patterns of buffalo. Well-designed yards will take 

advantage of the natural behaviour of buffalo to follow a leader and encourage the free movement 

of animals through the facility. Effective visual barriers and visible passageways and gateways will 

assist easy working of buffalo. Holding yards should be designed to minimise stress or injury and 

allow all animals held to lie down or exercise. 

Tethering or hobbling must not be accepted as normal husbandry procedures. Where these are used 

it is essential that the collars, ropes and similar materials used for tethering or hobbling buffalo 

should be constructed and used so as to avoid inflicting injury and pain. Tethered animals must be 

under constant supervision. Anyway, buffalo kept under intensive management in sheds, lots, or 

yards should be inspected at least twice daily, fed at least daily and have continuous access to water. 

Specific care is needed to detect and feed shy feeders (SCARM, 2003). 



The sudden changes in rearing techniques have aroused a general concern about buffaloes welfare, 

the more because the domestication occurred quite recently in this species (5000 years ago) 

compared to the domestication of Bos taurus and Bos indicus (10000 years ago), and the traditional  

breeding  has always been extensive in humid environments. Research on buffaloes’ welfare is at 

the very beginning but some results have already been achieved. The influence of transport on 

buffaloes welfare has been confirmed (Kanchev et al., 1997) but the research have also been 

focused on housing systems. Odyuo et al. (1995) have studied buffaloes behavior in intensive 

management system, verifying that it reflects the cattle one. Space allowance effects were evaluated 

in a study on weaned female buffalo calves. It did not reveal any influence on immune responses to 

phytohemagglutinin and ovalbumin nor on cortisol response to exogenous ACTH. Behavior only 

(outstretched legs, proportions of idling and lying, non-agonistic and agonistic interactions, 

response to open field test) was affected by space allowance (Napolitano et al., 2004). Similar 

results were obtained in lactating buffalo cows when given access to an outdoor yard provided with 

pool (Terzano et al., 2000; Tripaldi et al., 2003). Recent studies also evidenced a positive effect on 

milk production (De Rosa et al., 2009). Machine milking impact on buffaloes welfare has been 

evaluated through the observation of behaviours considered as indicators of acute stress and their 

correlation with oxytocin administration (Cavallina et al., 2008). Buffalo welfare has been related to 

products quality in a European research project (De Rosa et al., 2007) as the importance of animal 

welfare research strongly relies on the growing interest of consumers in breeding techniques and on 

the rapid development of European rules in this field. Among welfare indicators, very important are 

the direct ones, relieved directly on animals, as the behavioural and the physiological. Particular 

remark has to be given to immunological and pathological parameters since disease is the higher 

expression of distress. Immunological indicators are reliable as they are not influenced by sampling 

methods and they are useful as deeply involved in pathology prognosis (Fagiolo et al., 2010). 

Generally, welfare problems can be managed only thanks to good management practices. 

Management is represented by a wide array of practices including breeding, feeding and nutrition, 

sanitation, exercise, disease diagnosis and prevention (Sharma et al., 2006) that are more or less 

connected one to the other as well as to buffaloes productive performances (Thomas, 2004). 

In buffaloes, conditioned pathologies are mainly represented by increased calves morbidity and 

mortality due to diarrhoea (nutrition or hygiene deficiencies) or to inflammation and injuries at 

prepuce, teats or navel, subsequent to cross sucking (poor environments and milk provided few 

times per day). Buffaloes are highly social animals with strong instincts. Consequently mother and 

young relationships are closely bonded and the buffalo usually becomes more stressed when 

separated from the dam than the calves of cattle. Because of their intelligence and social habits 



stress can be alleviated by keeping them in groups of five or more animals together with an older 

domesticated animal. 

In adult buffaloes, conditioned pathologies can be represented by an increase in vaginal and uterine 

prolapses that seems to be associated to unbalanced feeding during the dry period and could be also 

predisposed by the nutritional management during the first months of life. Metabolic diseases, so 

common in milk bovines, are rarely seen in buffaloes that show more commonly a reduction in 

fertility. Foot problems rarely cause lameness in buffaloes but claw overgrowth and corkscrew can 

be observed. Skin lesions and injuries to the udder due to the presence of horns, are more frequent 

in the primiparous. Machine milking, apart for injuries due to structural deficiencies, can finally 

cause the presence on animals of iatrogenic abscesses consequent to oxytocin injections.  

Farmers should be aware of the importance of management and stockmanship as means to control 

animal welfare and health. 

 

METABOLIC WELFARE INDICATORS 

Biochemical adaptations support the animals facing climatic and feed resources changes and 

fluctuating nutrient supply.  

 

Glucose - In all species glucose is used by various tissues and organs for free energy production. 

Blood glucose levels depend on the nutritive values of the diets, on social or environmental stress 

conditions as well as on physiological phases.  

According to Bertoni et al. (1994a), the buffalo metabolic response to lactation shows a different 

pattern compared to other ruminants, as also demonstrated by the low incidence of metabolic 

disorders. It is well known that early lactation is characterized by a negative energetic balance, less 

intense in buffalo than in bovines: plasma glucose concentrations are lower during the catabolic 

phase of lactation, and are higher during the anabolic phase of lactation when energy intake is equal 

or superior to the energy release (De Rosa et al., 2001). Several researches on buffaloes during the 

dry milk period and lactation indicated that, among energetic metabolism indicators, serum glucose 

levels were very constant (Bertoni et al.,1994a; Satriani et al., 2001). Several authors (Setia et al., 

1992; Campanile et al., 1997; Montemurro et al., 1997) reported that nutritional status plays a major 

role in determining variations of the circulating glucose concentration levels. 

 

Triglycerides - The values of serum triglycerides are usually considered as indicators of good nutrition, 

increasing with high-fat diets (Bertoni, 1989), in the presence of an altered regulatory mechanism of the 

lipid metabolism or due to degenerated hepatic function. Buffalo cows show higher triglycerides 



values during pregnancy (Zicarelli et al., 1986) and in the dry period (Bertoni et al.,1994b) than during 

lactation. Serum triglycerides concentrations increase during lactation and show a positive 

correlation with milk fat levels (Zicarelli, 1986). It is well known, in fact, that the NEFA which are 

released at early lactation following intense fat mobilization, are used by liver for the synthesis of 

the triglycerides only if the balance between energy absorbed in the diet and that emitted due to 

production is not especially negative. However, serum triglycerides increase in buffaloes under 

different environmental conditions (low temperatures and season) (Satriani et al., 2001).   

 

Non esterified fatty acids (NEFA) - The energy balance is the main determinant of the 

concentration of NEFA in blood that reflects the degree of adipose tissue mobilization. As a matter 

of facts, animals adapt to negative energy balance by mobilizing energy from adipose tissue in the 

form of NEFA. Other factors have an important influence on plasma NEFA concentration 

(impending parturition, stress, previous nutritional history, etc.). Buffalo cows in early lactation 

have higher energy requirements that cannot be supported by dietary intake. As a result, the cow 

must utilize body fat as a source of energy. Buffalo fat mobilization begins towards the end of 

gestation (Campanile et al., 1997; Grasso et al., 2004) and in early lactation plasma concentrations 

of NEFA are high, but never reach the levels found in the cow.  

 

Cholesterol – The values of serum cholesterol are usually considered as an indicator of good 

hepatic lipoproteins production used as carriers of triglycerides, synthesized from NEFA (NEFA—

AcilCoA—glicerphosphate—tryglicerides). Total cholesterol and HDL-fractions indirectly reflect 

the degree of exogenous energy availability and the hepatic functionality: its levels rise owing to a 

moderate negative energetic balance: lactation, low temperatures and high thermal ranges 

(Campanile et al., 1994). The higher concentration of cholesterol with the advancement of age is 

probably a physiological adjustment to meet growth requirements. The cholesterol decline in 

buffaloes under heat could be related with the decreased feed intake in hot environment (Gudev et 

al., 2007).  

 

Beta-hydroxybutyrate - Acetoacetate, beta-hydroxybutyrate (BOHB), and acetone are collectively 

called ketone bodies. They come out from fat metabolism cycle in order to produce energy. Under 

normal physiological conditions, the production of ketone bodies occurs at a relatively low rate 

whereas if the concentration of ketone bodies exceeds in blood the result is an excessive metabolic 

acidosis. Blood acidification is dangerous, chiefly as it impairs the ability of hemoglobin to bind 

oxygen. Beta-hydroxybutyrate is stable, and it is usually present in higher concentrations than the 



other ketones, it is a more sensitive test to use when monitoring for ketoacidosis and it is stable in 

whole blood for up to 48 hours at room temperature. 

In buffaloes, Campanile et al. (1997) found an increase in BOHB blood levels when a greater 

quantity of protein was fed in the diet, because of a “relative” energy deficiency. In buffalo calves it 

is lower until weaning (1.3-2.4 mg/dl) (Cavallina et al., 2003). 

 

Free radicals and antioxidants 

 

Free radicals - Free radicals arise normally during metabolism and sometimes are purposefully 

created by the body’s immune system’s cells to neutralize viruses, bacteria and parasites. This has 

been detected in the buffalo species, too (Singh et al., 1997). However, environmental factors such 

as pollution, radiation and herbicides can also spawn free radicals. To prevent free radical damage 

the body has a defence system of antioxidants. 

 

Antioxidants are molecules which can safely interact with free radicals and terminate the chain 

reaction before vital molecules are damaged.  

The principal micronutrient antioxidants are vitamin E, beta-carotene, and vitamin C. Additionally, 

these mechanisms depend on the nutritional status of antioxidant minerals, especially copper, zinc, 

iron, selenium, silicon, and manganese. The nutritional status of cattle in different regions of the 

world is often characterised by a lack of these minerals; therefore, there is a great potential for 

changes in the activity of defence mechanisms against free radicals (Kleczkowski et al., 2003). 

These micronutrients must be supplied in the diet as, in buffaloes, vitamin A, beta-carotene and 

selenium proved to enhance in vitro phagocytic and kill activities of polymorphonuclear leukocytes 

isolated around parturition (Ramadan et al., 2001).  

The most important enzymatic mechanisms which protect an organism against oxidative stress are 

superoxide dismutase (SOD), peroxidase (Px), e.g. glutathione peroxidase (GSH-Px) and ascorbate 

peroxidase, catalase and glutathione reductase. Their activity depends on many trace elements. 

Normally, those mechanisms allow the body to handle free radicals, but if antioxidants are 

unavailable, or if the free-radical production becomes excessive, damage can occur. New and re-

occurring metabolic and infectious diseases of cattle emerge when there is a disproportion in the 

balance between reactive oxygen species and the antioxidative enzymatic barrier (Kleczkowski et 

al., 2004).  

 

 



Proteic metabolism 

 

Total protein, albumin, globulin - Unlike lipid metabolism, protein metabolism is not markedly 

influenced by the energy-protein content in diets or by different environmental conditions. When 

the protein level of the diets is high, animals enhance gluconeogenesis by amino acids from protein 

degradation; on the contrary, when the protein level of the diets is low, animals reduce production 

(meat and milk) and afterwards enhance hepatic protein synthesis and the production of microbial 

protein. Heat exposure cause plasma total protein firstly to increase then decreasing, as a 

consequence of the initial haemoconcentration followed by haemodilution (Gudev et al., 2007).  

 

Urea - The concentration of urea in the blood reflects the degree of protein catabolism. The values 

of serum blood urea are considered to be an indicator of total protein intake and its determination 

with creatinine is important in order to exclude renal damage. 

Serum blood urea levels are influenced not only by renal function but also by external factors. In 

fact, when the protein level of diets is excessive or when the energy/protein ratio is very low an 

insufficient ruminal protein synthesis follows; a high quantity of ammonia is formed and absorbed 

through the ruminal wall into the portal blood and is converted to urea in the liver. This, in the long 

run, may cause hepatic failure and degeneration causing infertility, mastitis, puerperal collapse, 

lameness and steatosis. When the scarcity of protein is heavy and lengthened, the protein synthesis 

is reduced and changes in haematochemical parameters and in productive and/or reproductive 

functions follow. The values of serum urea are also considered as indicators of stress conditions as 

they rise after a too high protein degradation under the stimulus of adrenalin and cortisol hormones 

(Maianti et al., 1990). In buffaloes serum urea levels rise during lactation, whether by high protein 

intake or by tissue protein mobilization.  

Furthermore, it would seem relevant to evaluate the protein/energy ratio in order to obtain a correct 

diet. In buffalo such a ratio can be increased: diets with a high protein concentration, in fact, 

determine less harmful effects in buffalo compared to that in bovine milk cows. Buffalo cows make 

better use of ingested nitrogen than bovine cows, even if there is a carbohydrate deficit, since 

buffalo ruminal milieu is more favourable to the growth of microrganisms using non proteic 

nitrogen (Langer et al., 1969). Serum and milk urea levels are also affected by the crude protein/non 

structural carbohydrate (CP/NSC) ratio in buffalo cows.  

Serum blood urea is influenced by the days in milk (Campanile et al., 1997; Grasso et al., 2004), by 

the diet (Campanile et al., 1997) and by the season (Satriani et al., 2001). Enhanced urea level in 

hot conditions could be due to negative effects on rumen activity (Gudev et al., 2007).  



Blood serum enzymes activity 

 

The high variability in the blood activity of serum enzymes suggests considering age, physiological 

conditions and lactating period in establishing reference values (Pizzuti and Salvatori, 1993). 

 

Asparagine aminotransferase (AST or GOT) - This enzyme is present in greater concentrations 

in the muscles and heart as opposed to the liver, and increases in serious cases of prolonged fasting 

and infectious, infestious and nutritional liver disease. It also can be referred to muscular cells 

damage and tissue changes related to the neonatal phase in buffalo calves (Campanile et al., 1997). 

In buffalo heifers near to puberty, values of 216 U/l have been found (Borghese, 1994). Finally in 

adult buffaloes AST varied from 120 to 145 U/l in the dry milk and lactating period, respectively; 

higher levels were measured at 30 and 190 days of lactation (Bertoni et al., 1994a). In the early 

months of lactating, De Rosa et al. (2001) detected values ranging from 143 to 160 U/l. Decreasing 

metabolism is linked to lower AST haematic concentrations, while thyroid hormones, particularly 

T4, induce a greater emission of the enzyme increasing mitochondria membrane permeability 

(Campanile et al., 1997). 

 

Alanine aminotransferase (ALT or GPT) - In ruminants, ALT is present in small quantities in the 

liver and in various tissues, particularly in the muscles. It is in fact referred to, together with AST, 

as an index of muscular integrity. In buffalo heifers Borghese (1994) found values of 60 U/l, in 

adult buffaloes at different pre- post- partum time intervals, Pizzuti and Salvatori (1993) found ALT 

values ranging from 176 to 219 U/l. In the early months of lactation, De Rosa et al. (2001) detected 

values ranging from 83 to 116 U/l. ALT and AST, together with hemoglobin, increased in autumn, 

in buffaloes fed at pasture until early autumn. Decreasing metabolism is linked to lower ALT 

hematic concentrations, while thyroid hormones, particularly T4, induce a greater emission of the 

enzyme (Campanile et al., 1997).  

 

γ–glutamyltransferase (GGT) - GGT is present in various tissues in the kidney, pancreas, 

mammary gland, liver and so on. In water buffalo mature females, the enzyme GGT was 

significantly higher compared to that in immature females (Canfield et al., 1984). This has been 

verified by Borghese (1994) who found values of 24.7 U/l in buffalo heifers, and by Bertoni et al. 

(1994a), who recorded, in adult buffaloes, a GGT variation from 29 to 35 and 41 U/l in the dry milk 

period and 30 and 230 days of lactation, respectively. In the early months of lactation, De Rosa et 

al. (2001) detected values ranging from 37 to 52 U/l. It is an important index in liver diseases as it is 



the first serum enzyme that increases even in mild liver disease. GGT decrease during the growth 

period has been recorded from 35 U/l (at 30 days) to 18 U/l (at 50 days of age). This progressive 

lowering in GGT and  γ-globulines values, after the increase due to absorption during the colostral 

phase, is an index of good liver and kidney function (Campanile et al., 1997). 

 

LDH - This enzyme comes from the myocardium, skeletal muscles, liver, kidneys, pancreas, red 

blood cells and the lungs. In adult healthy buffaloes, LDH values (U/l) ranging from 1272 to 1741 

and from 713 to 1047, have been found in different housing and seasonal conditions (Terzano et al., 

2000; Fagiolo et al., 2004). Lower values have been found for calves: 1325 UI/l (Cavallina et al., 

2003). 

Higher-than-normal levels may indicate: intestinal ischemia (blood deficiency) and infarction 

(tissue death); liver disease (for example, hepatitis); muscle injury; muscular dystrophy; neoplastic 

(new abnormal tissue formation) states; pancreatitis; pulmonary infarction (tissue death); heart 

attack; hemolytic anaemia; hypertension. In the neonatal phase, the growth and changes that involve 

a turbulent synthesis activity, are responsible for the progressive increase of the LDH serum levels 

in buffalo calves. In adult buffaloes, higher LDH values are a proof of hepatic sufferance induced 

for example by acidosis (Campanile et al., 1997).  

 

Alkaline phosphatase - ALP is an enzyme made in the liver, bone, and the placenta and is 

normally present in high concentrations in growing bone and in bile. Alkaline phosphatase is 

released into the blood during injury and during such normal activities as bone growth and 

pregnancy. Abnormally high blood levels of ALP may indicate disease in the bone or liver, bile 

duct obstruction, or certain malignancies. However, higher values are found in buffaloes during the 

first 40 days of life due to the more intense bone remodelling. An increase of ALP during early 

lactation in buffaloes is proof of fast parathyroid activation (Campanile et al., 1997). Pizzuti and 

Salvatori (1993) found differences in the ALP mean values of buffaloes at various distances from 

partum, increasing in the advanced phases of pregnancy and decreasing before parturition; they 

ranged from 159 to 228 U/l. Terzano et al. (2000) reported ALP values ranging from 200 to 650 

U/l, in adult buffaloes under different housing conditions. 

 

Micro  and macro elements  

 

The body uses over 80 minerals for its maximum function. Every living cell depends on minerals 

for its proper structure and function. Nutritionally, minerals are grouped into two categories: bulk or 

http://www.nlm.nih.gov/medlineplus/ency/article/000205.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001154.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001190.htm
http://www.nlm.nih.gov/medlineplus/ency/article/001144.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000195.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000195.htm
http://www.nlm.nih.gov/medlineplus/ency/article/000571.htm
http://www.nlm.nih.gov/medlineplus/ency/article/003083.htm
http://www.medterms.com/script/main/art.asp?articlekey=3266
http://www.medterms.com/script/main/art.asp?articlekey=4179
http://www.medterms.com/script/main/art.asp?articlekey=4918
http://www.medterms.com/script/main/
http://www.medterms.com/script/main/art.asp?articlekey=10672


essential minerals, also called macro minerals, and trace minerals or micro minerals. Macro 

minerals such as calcium and magnesium are needed by the body in larger amounts. Although only 

minute quantities of trace minerals are needed, they are nevertheless important for good health. 

Micro minerals include boron, chromium, iron, zinc, and many others. Essential trace elements 

range from metals to non-metals.  

During the buffalo dry period, even minimum but long-term deficiencies can cause damage that will 

influence the health state of the following lactation (Campanile et al., 1997). 

 

Ca - Most calcium in the body, about 90 percent, is in the bones, where it can be reabsorbed by 

blood and tissue, but about one percent is used for nerve impulses and muscle contractions 

(including the heart, kidney, and other organs). It helps in normalizing blood clotting action, to 

metabolize the body's iron and it is more effective when combined with: vitamins A, C and D. 

Buffalo calcium blood levels show limited variability during lactation and dry milk period (Bertoni 

et al., 1994a); higher levels have been found in the last month of pregnancy and lower ones at the 

end of the lactation period (Montemurro et al., 1997). A seasonal variation has been evidenced with 

higher values during the winter. Ca/P ratio is maintained at 1.4-1.6 (Montemurro et al., 1995a). 

Campanile et al. (1997) found constant values of about 10 mg/dl, confirmed by Terzano et al. 

(2000) who found 8.87-10.63 mg/dl of Ca blood levels in adult buffaloes. In buffalo species 

calcium excesses could alter the Ca/P ratio during the dry milk period, inducing parathyroid 

hypoactivity which would cause magnesium to increase and calcium to decrease at the beginning of 

the lactation due to a non immediate calcium mobilization by the bones. The altered Ca/Mg ratio 

favours utero-vaginal muscular release, responsible for uterus atony and eventually uterine prolapse 

(Campanile et al., 1997). 

 

 

P- Phosphorus is the second most plentiful "essential mineral" in the body and is a key component 

of DNA, RNA, bones, teeth, and many other compounds required for life. It plays an important role 

in the energy metabolism of cells, affecting carbohydrates, lipids and proteins. Phosphorus also 

stimulates muscle contraction and contributes to tissue growth and repair, nerve-impulse 

transmission, central nervous system health, and proper heart and kidney function. Phosphorus 

deficiency during buffaloes’ dry milk period is responsible for the most frequent causes of vaginal 

and/or uterine prolapse in this species. If the diet is deficient in P before calving, calcium levels 

decrease upon calving while phosphatemia is normal (Campanile et al., 1997). On the other hand, 

diets rich in silage and/or concentrates (> 59 %), have been associated with high P and Cu hematic 



values and subclinical metabolic acidosis, that is frequently connected with uterine prolapses and 

endometritis (Campanile et al., 1997). Phosphorus levels in buffaloes have been found to be quite 

stable at 6 mg/dl (Campanile et al., 1997). An increasing trend has been evidenced starting 

from the pre-partum period (6.3 mg/dl) to 160 days of lactation (7.9 mg/dl) (Montemurro et al., 

1997). 

In water buffalo mature females, inorganic phosphate was significantly higher compared to that of 

immature females (Canfield et al., 1984). Buffalo heifers showed higher P blood levels in winter 

(Montemurro et al., 1995a). Buffaloes suffering from post-parturient haemoglobinuria showing a 

decrease in the reduced glutathione content in the red cells, also exhibited severe 

hypophosphataemia (Chugh et al., 1998). 

 

K - Potassium is the third most abundant mineral in the body, after calcium and phosphorus. 

Potassium works closely with sodium and chloride to maintain fluid distribution and pH balance 

and to augment nerve-impulse transmission, muscle contraction, and regulation of heartbeat and 

blood pressure. Potassium is also required for protein synthesis, carbohydrate metabolism, and 

insulin secretion by the pancreas. It works with sodium to regulate the body's water balance. 

Deficiencies are rare in ruminants while excesses in the diet can reduce Mg, Ca and P digestion. 

Low blood levels have been observed in cattle fed with high concentrate levels and have also been 

associated with stress conditions. In buffaloes physiologic values range from 4 to 5 mmol/l (Bertoni 

et al., 1999). 

 

Na - Sodium is one of the three main electrolytes in the body. All body fluids - including blood, 

tears, and perspiration - contain sodium. Together with potassium and chloride, sodium maintains 

fluid distribution and pH balance; together with potassium, sodium also helps in the control of 

muscle contraction and nerve function. Blood levels are strictly controlled as a result of the adrenal 

hormone aldosterone, so alterations are usually only possible in cases of homeostasis problems. 

Buffaloes haematic values are 144-146 mmol/l during the dry milk period and 143-147 mmol/l in 

early lactation (Bertoni et al., 1999).  

 

Mg - Magnesium is essential for the conversion of vitamin D to its biologically active form which 

helps the body absorb and use calcium. The highest magnesium concentration is found in the tissues 

that are most metabolically active including the brain, heart, liver and kidney. Magnesium is a key 

substance in the proper functioning of nerves and muscles. It is also required for the healthy 

maintenance of bones. Mg deficiency is well known as grass tetanus, while the excess during post 



parturition collapse seems to be caused by renal failure. Physiologic values in buffaloes are 1.1-1.3 

mmol/l in the dry milk period and 1.2-1.4 mmol/l during lactation (Bertoni et al., 1999).  

 

Fe - Iron mainly works in the red blood cells haemoglobin, which transport oxygen from the lungs 

to the body's tissues, including the muscles and the brain. Iron is also a component of myoglobin, a 

similar protein in the muscle, that stores and provides oxygen during muscle exertion and is found 

in the part of the cell involved in energy production and as a co-factor for several enzymes. The diet 

of ruminants usually provides enough iron and it is well utilized in digestion (Bertoni et al., 1999). 

Iron deficiency generally occurs during the growth period or when intakes fail to replace the iron 

loss associated with blood losses. Excessive amounts of phosphates, calcium, zinc and manganese 

can also inhibit iron absorption. Because iron strengthens the immune function, its deficiency may 

also increase susceptibility to infection. Cavallina et al. (2003) found mean iron blood levels in 

buffalo calves at one and three months of age of 96 and 143 mmol/l, respectively (unpublished 

data). In lactating buffaloes Fagiolo et al., (2004) found seasonal differences in iron blood levels: 

higher in winter than in summer (150.07-61.81 mmol/l) though not significantly. Iron blood level 

analysis can be altered by different factors, it is sometimes preferable to evaluate it indirectly by 

means of haemoglobin and packed cell volume. 

 

Se - Selenium is an essential non-metallic element, important for the function of several proteins. 

Together with vitamin E, it is extremely important in preventing free radical damage to cell 

membranes. 

Selenium also supports the immune function and neutralizes certain poisonous substances such as 

cadmium, mercury, and arsenic. Selenium proved to enhance phagocytic activity in buffalo 

polymorphonuclear leukocytes starting from parturition up until three weeks post-partum (Ramadan 

et al., 2001).  

Animals grown for the purposes of meat production, in areas with soil deficient in selenium, 

develop "white muscle disease." Selenium was not detectable in many pregnant buffalo cows 

suggesting that the prevention of myodistrophy in buffalo calves must be effected in the prenatal 

period (Pizzuti and Salvatori, 1993). 

Symptoms of selenium deficiency include muscle weakness and pain, inflammation of the muscles, 

fragile red blood cells and degeneration of the pancreas.  

Animals grazing on plants that have accumulated selenium show acute or chronic selenium 

poisoning. Chronic selenium toxicity (alkaline disease) is characterized by muscle degeneration, 

rough coat, laboured breathing and cardiovascular failure. Selenosis induced in male buffalo calves 
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was associated with an increased activity of the erythrocyte glutathione peroxidase (GSH-Px) and 

signs of selenium toxicity (Deore et al., 2002).  

 

Zinc - Zinc is an extremely important mineral for many body functions and a part of every cell in 

the body. In various proteins, enzymes, hormones, zinc contributes to many body processes such as: 

bone development and growth, development of the testicles, skin integrity, appetite, aiding enzymes 

in digestion and energy metabolism, cell respiration; wound healing; the liver's ability to remove 

toxic substances from the body; immune function and the regulation of heart rate and blood 

pressure. Zinc is a co-factor for many enzymes, which means that it is necessary for the proper 

functioning of these enzymes. Zinc is a critical nutrient of immunity, being involved in so many 

immune mechanisms including cell-mediated and antibody-mediated immunity, thymus gland 

function and thymus hormone action. When zinc levels are low, the number of T cells is reduced 

and many white blood functions critical to the immune response are severely lacking. Like vitamin 

C, zinc also possesses direct antiviral activity, including activity against several viruses. Zinc 

deficiency may be associated with long-term hypo-nutrition, higher requirements during pregnancy 

or diseases of the intestine such as paratuberculosis. Excessive zinc interferes with the function of 

copper and iron. 

 

Hemogram (CBC) 

 

This test evaluates the number and status of red blood cells, white blood cells, and platelets. It 

screens for anaemia, leukemia, polycythemia, and other disorders that affect blood cells. Buffalo 

haematological values are comparable with those found in adult cattle (Ciaramella et al., 2005). 

 

PCV –It measures the amount of space (volume) that red blood cells occupy in the blood. The value 

is given as a percentage (%/vol) of red blood cells in a volume of blood. PCV is higher in heifers 

than in adult buffaloes (Ciaramella et al., 2005). It has been shown seasonal difference in lactating 

buffaloes, proving to be higher in the summer than in the winter (Fagiolo et al., 2004). 

 

Haemoglobin - Haemoglobin is the major substance in red blood cells. It carries oxygen and gives 

the red colour to blood cells. The haemoglobin test gives information about the blood's ability to 

carry oxygen throughout the body. Haemoglobin concentration (Hb) is reported as grams of 

haemoglobin per decilitre of blood (g/dl). In lactating buffaloes, Hb was found to be higher in the 

summer (13.62 g/dl) than in the winter (11.37 g/dl) (Fagiolo et al., 2004). 
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Mean Corpuscular Volume (MCV) – MCV measures the average size of red blood cells. The 

mean cell volume indicates the volume of the "average" red cell in a sample. It is expressed in 

femtolitres (fl; 10
-15

 litres). In lactating buffaloes mean values in different seasons were about 53 

and 56 fl, without significant differences (Fagiolo et al., 2004). 

Red cell populations with an MCV above reference range are termed macrocytic; if the volume is 

normal: normocytic. Common causes of macrocytosis are reticulocytosis and myelodysplastic 

syndrome (MDS). Common causes of microcytosis are iron deficiency anaemia and chronic liver 

disease.  

A regenerative response can be seen as a population of macrocytic hypochromic cells extending off 

the normal red cell population. Agglutination can be seen as a macrocytic normochromic cluster of 

cells that is discrete from the normal red cell population.  

 

Mean Corpuscular Hemoglobin (MCH) - MCH is the mean cell haemoglobin. This represents the 

absolute amount of haemoglobin in the average red cell in a sample. Its units are picograms (pg; 10
-

12
 liters) per cell. In lactating buffaloes mean values in different seasons were about 17.8 and 19.5 

pg, without significant differences (Fagiolo et al., 2004). It is normally lower in heifers (Ciaramella 

et al., 2005); in adults a low MCH could be due to smaller than normal cells with normal Hb 

concentration or normal sized cells with lower than normal Hb concentration. It is preferable to 

have exact information regarding cell volume and Hb concentration directly.  

 

Mean Corpuscular Haemoglobin Concentration (MCHC) - MCHC is the mean cell hemoglobin 

concentration, expressed in g/dl. In lactating buffaloes mean values in different seasons were about 

33.5 and 34.8 g/dl, without significant differences (Fagiolo et al., 2004). It is lower in heifer 

buffaloes (Ciaramella et al., 2005). Red cell populations with values below the reference range can 

be termed "hypochromic". This can occur in strongly regenerative anaemia, where an increased 

population of reticulocytes with low Hb content "pull" the average value down. Low MCHC can 

also occur in iron deficiency anaemia, where microcytic, hypochromic red cells are produced as a 

result of the lack of iron to support haemoglobin synthesis. Values for MCHC significantly above 

the reference range are not physiologically possible due to limitations on the solubility of Hb. 

Lipemia or other causes of turbidity can cause falsely high values, which raises the apparent 

MCHC. Furthermore, haemolysis (in vitro or in vivo) will cause a lowering of the HCT and increase 

the MCHC.  

 



Red Cell Distribution Width (RDW) - The RDW is an index of the variation in cell volume 

within the red cell population. This helps further classify the types of anaemia. 

Red cell populations with higher than normal RDW are termed heterogenous; those with normal 

RDW are homogeneous. For example, increased numbers of reticulocytes will cause an increased 

RDW. In some instances, the RDW is the first test result to increase with changes in red cell 

population sizes. In lactating buffaloes mean values in different seasons were about 17.5 and 16.2  

percent, without significant differences (Fagiolo et al., 2004). 

 

Red Blood Count - The red blood cell count on the routine CBC is the concentration of red cells, 

expressed in millions/µL of whole blood (10
6
/µl). In lactating buffaloes this parameter showed 

seasonal variations from 7.7 10
6
/µl in summer to 5.8 10

6
/µl in winter (Fagiolo et al., 2004).  

 

White Blood Count - White blood cells protect the body against infection and are bigger than red 

blood cells and normally fewer in number. In case of bacterial infection, the number of white cells 

can increase dramatically, so the number of white blood cells is sometimes used to identify an 

infection. White cell count (WBC), the total number of leukocytes in a volume of blood, is 

expressed as thousands/µl (10
6
/µl). In buffaloes above eight years of age it is lower (Ciaramella et 

al., 2005).  

 

Neutrophyls - Cells of the neutrophyl line are classified by the shape of their nuclei. Cells with 

nuclei whose sides are parallel, or nearly so, or that have smooth nuclear outlines are classified as 

band neutrophils. Band neutrophyls and metamyelocytes are blood neutrophyls less mature than 

segmented neutrophyls. Segmented neutrophyls have nuclei with focal areas that are distinctly 

narrower than the width of the widest points and usually have irregular nuclear outlines. Fagiolo et 

al. (2004) found seasonal changes in early lactating buffaloes neutrophyl percentage: from 64 % in 

summer to 7 % in winter. 

 

Lymphocytes - Lymphocytes are the most numerous cell type in the buffalo species. Healthy 

ruminants have a wide range of lymphocytes in peripheral blood; many are quite large. In addition, 

in all species, there are low numbers of lymphocytes with small red cytoplasmic granules, so-called 

granular lymphocytes. These are either natural killer cells or cytotoxic T-lymphocytes and are 

involved in cell-mediated immunity. Lymphocytes, unlike the other leukocytes, are produced in 

lymphoid tissue and in bone marrow. Changes in blood lymphocyte number usually reflects 

changes in distribution rather than changes in production or loss. Early lactating buffaloes showed a 



decrease in lymphocytes during the summer (41 %) with respect to winter values (77 %) (Fagiolo et 

al., 2004). In buffaloes above eight years of age there is a significant reduction in the absolute 

values of lymphocytes (Ciaramella et al., 2005).  

 

Monocytes - Monocytes share a common committed stem cell with neutrophyls. They are produced 

in the marrow, circulate briefly in the blood, and migrate into the tissues where they differentiate 

further to become macrophages.  

Cytokines (e.g. M-CSF, GM-CSF) produced at sites of inflammation can increase monocyte 

production. In buffaloes mean values are usually near to 0 percent (Fagiolo et al., 2004).  

 

Eosinophils - Increased numbers of circulating eosinophils may be seen in hypersensitivity 

reactions, as with certain forms of parasitism and allergic conditions. Eosinophils are produced in 

the marrow, circulate in the blood for a few hours, and migrate into the tissues where they survive 

for several days. Increased production of eosinophils is mediated by interleukin-5 and interleukin-3, 

which are produced by several cell types, but especially T lymphocytes and mast cells. 

Corticosteroids decrease the blood eosinophil number but increase the marrow pool of eosinophils.  

Increased numbers of basophils (basophilia) sometimes occurs concurrent with eosinophilia. 

Fagiolo et al. (2004) found the following mean percentage values for early lactating buffaloes in 

different seasons: 1.64-0.16 percent. In water buffalo mature females, eosinophils were significantly 

higher compared to those in immature females (Canfield et al., 1984) and buffaloes over ten years 

of age show higher absolute values of eosinophil levels (Ciaramella et al., 2005).  

 

Basophyls - Basophyls are produced in the marrow. The number in the blood is very small in all 

species as in the buffalo species (Fagiolo et al., 2004).  

 

Platelet Count - Platelets (thrombocytes) are the smallest type of blood cell. They play a major role 

in blood clotting. When bleeding occurs, the platelets swell, clump together, and form a sticky plug 

that helps stop the bleeding. If there are too few platelets, uncontrolled bleeding may be a problem. 

If there are too many platelets, there is a risk of a blood clot forming in a blood vessel. Platelet 

counts can be performed manually or using automated cell counters. Platelet clumping lowers the 

platelet count when determined by any method. Platelet clumping is usually due to a sample 

collection problem and can be minimized by collecting blood from a large peripheral vein (jugular). 

Platelet clumping increases with time, so platelet counts should be done as soon as possible after 



collection to maintain accuracy. In lactating buffaloes mean values in different seasons were about 

251.8 and 201 10
3
/µl, without significant differences (Fagiolo et al., 2004). 

 

Mean Platelet Volume (MPV) - Individual platelets can vary markedly in size within a given 

sample. Little is documented in literature regarding the clinical interpretation of this parameter. In 

very general terms, increased MPV might be expected in "regenerative" thrombocytopenia, i.e., that 

caused by increased peripheral loss, destruction, or utilization of platelets. Accelerated 

thrombopoiesis tends to result in the release of larger platelets (which also have enhanced functional 

capabilities). Fagiolo et al. (2004) found the following mean values in early lactating buffaloes in 

different seasons: 8.8 and 9.7 fl. 

 

Hormonal parameters 

Among main hormonal parameters relevant as welfare indicators: 

Cortisol - Cortisol  is a corticosteroid hormone synthesized in the zona fasciculata of the cortex of 

the adrenal glands. It is synthesized from cholesterol and its production is stimulated by the 

pituitary adrenocorticotropic hormone (ACTH) which is regulated by the corticotropin releasing 

factor (CRF). ACTH and CRF secretions are inhibited by high cortisol levels in a negative feedback 

loop. Cortisol production has an ACTH-dependent circadian rhythm with peak levels in the early 

morning and a nadir at night. The factor controlling this rhythm has not been completely clarified 

and can be disrupted by a number of physical and psychological conditions. ACTH and cortisol are 

secreted independently from the circadian rhythm in response to physical and psychological stress. 

For this reason it has attracted widespread attention as the so-called "stress hormone." Serum 

cortisol levels fluctuate in response to a number of different variables, apart from ACTH levels, 

including psychological stress and such physiological strains as hypoglycemia, illness, fever, 

trauma, pain, fear, physical exertion or extremes of temperature. Cortisol is usually released in 

response to long-term stress. In a previous study, Borghese et al., (1991) found cortisol levels in 

buffaloes significantly correlated with estradiol-17ß (r=0.45) and with the quantity of milk 

produced (r=0.38), with values of 13-14 ng/ml in the early stage of lactation and 4-6 ng/ml in the 

subsequent stages. Bertoni et al., (1994b) clarified the pattern of changes of cortisol level showing 

that it varied before (10.4 ng/ml) and after meal (9.3 ng/ml). Later, Bertoni et al., (1997) confirmed 

the significant cortisol level reduction following a meal (4.7 ng/ml vs 3.3 ng/ml; 3.67 ng/ml vs 2.97 

ng/ml, respectively). Zia-Ur-Rahman et al. (1997), in a study on hormonal and haematological 

profiles in buffaloes subjected to different stress conditions, found higher serum cortisol levels 

before and after transport (23.1 vs 80.6 mmol/l, respectively), before and after handling (23.1 vs 
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86.0 mmol/l, respectively) and before and after slaughter (23.1 vs 92.0 mmol/l, respectively). The 

findings were indicative of different hormonal changes during different types of stress in buffaloes. 

 

Triiodothyronine (T3) and Thyroxine (T4) - The thyroid hormones, thyroxine (T4) and 

triiodothyronine (T3), are tyrosine-based hormones produced by the thyroid gland. They act on the 

body to increase the basal metabolic rate, heat production and the O2 consumption; moreover they 

affect carbohydrate absorption, glycogenolysis, gluconeogenesis, lipid metabolism, protein 

synthesis and increase the body's sensitivity to catecholamines (such as adrenaline). The major type 

of thyroid hormone in the blood is T4. This is converted within cells to the active T3 by deiodinases. 

The thyroid is directly regulated by the anterior pituitary and indirectly regulated by the 

hypothalamus. The hypothalamus secretes TRH, which stimulates the anterior pituitary to 

synthesize and secrete TSH. TSH enters the blood stream and eventually stimulates the thyroid 

gland to undergo hyperplasia, increase iodine uptake, and synthesize and secrete thyroid 

hormones (T3 and T4) into the blood stream where they act on tissues. The plasma thyroid hormone 

levels are highly affected by various factors: species, breed, sex and individual characteristic 

(Borghese et al.,1991). The authors reported significantly higher plasma T3 values in buffalo cows 

less than five years old (1.39 ng/ml) than the oldest (1.08 ng/ml). Moreover the same authors found 

that the calving period had a significant effect on T4 values, these latter values also increased during 

lactation and resulted inversely correlated with milk production (r=-0.30). Moreover their levels 

depend on physiological phases (Campanile et al.,1997), the nutritive value of  diets (Bertoni et al., 

1997), housing systems and environmental conditions. Montemurro et al. (1995b) reported the 

following T3 plasma values in heifers bred in two different farms (0.91-1.88 ng/ml), the same values 

which were found by other authors (Ghaly, 1987; Dixit et al., 1984; Sharawi et al., 1987). The same 

authors also reported the mean value of T4 plasma levels which range between 3.35-5.27 g/dl. The 

circadian variation of serum T3 and T4 concentrations was investigated by Vulcano et al., (1997) in 

pregnant and non pregnant Murrah buffalo cows; they found no differences in serum T3 and T4 

concentrations during the cycle in any group. The serum T3 concentration was higher at 2 a.m. (188 

ng/ml) in non-pregnant cows and serum T4 concentration was higher at 2 p.m. (5.68g/dl) and 

6 p.m. (6.0g/dl) in pregnant cows, confirming the effect of pregnancy and circadian rhythms on 

thyroid activity. Zia-Ur-Rahman et al. (1997), in their study found higher serum T3  levels after 

transport (3.5 pmol/l,), handling (3.8 pmol/l,) and slaughter (3.8 pmol/l,), as compared to before 

transport (2.2 pmol/l). 
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IMMUNOLOGY 

 

The immune system is composed of several organs and systems, as well as various types of immune 

cells. It is an incredibly intricate mechanism that prevents infections and diseases by moderating 

malignant and foreign cells within the body. The immune system shows two types of response: non-

specific (innate) and specific (adaptive/acquired). The  resistance of epithelial surfaces to invasion, 

is a characteristic which is present from birth, with quite general mechanisms against many types of 

pathogens and is therefore called  innate (natural) immunity. It is composed of heredity 

components, such as mechanical barriers (intact skin, mucous membranes lining the tubes of the 

respiratory, digestive and uro-genital systems). Furthermore, the innate immune system is provided 

with many cells representing the first line of internal defense: monocytes, granulocytes, (neutrophils 

eosinophils, basophil), complement, interferon and lysozyme activity, mast cells, thrombocytes, 

natural killer cells.  

 

Lysozyme - Lysozyme is a protein with well-defined hydrolasic activity, detectable in many tissues 

and secretions which is able to interfere with the growth of some specific bacterial colonies. In 

animal serum lysozyme destroys bacteria, mostly Gram positive. A high level of serum lysozyme 

signifies a good non specific immune response. Cavallina et al. (2003) found a decreasing trend in 

buffalo calves’ lysozyme from the first to the third month of age and following weaning, with mean 

values ranging from 3.8 to 0.33 µg/ml (cattle reference value 1-3 µg/ml). In water buffalo during 

lactation, Fagiolo et al. (2004) detected seasonal differences with higher lysozyme levels in summer 

(2.7 µg/ml) than in winter (0.84 µg/ml). 

 

Bactericidal activity - This particular serum activity is prevalently produced from birth as a 

response to stimulations, mostly Gram negative microrganisms, both from intestinal flora and 

heterogenic antigens of non-bacterial origin. In buffalo species bactericide activity value is, in 

physiological condition,  > 90%  as observed in cattle.  

 

Electrophoresis 

Electrophoresis is the migration of charged molecules like proteins in an electrical field. Serum 

proteins are separated depending on the size, shape, and charge by into albumin and globulins. 

Albumin is the protein with the highest concentration in the serum. It carries many small molecules, 

but it is also of prime importance in maintaining the oncotic pressure of the blood. Globulins are 

roughly divided into alpha-1, alpha-2, beta, and gamma globulins.  



Usually, alpha-1 and alpha-2 proteins levels increase in the presence of inflammation. The beta 

fraction includes transferrin, plasminogen, and beta-lipoproteins. The gamma fraction includes the 

various types of antibodies (immunoglobulins M, G and A). Using this method we can detect any 

change in the protein fractions concentration due to several health alterations. 

 

 

 

Figure. A Buffalo serum protein electrophoresis as a pattern in polyacrilamide gel (IZS Latium and 

Tuscany).  

 

The complex and sophisticated  system  providing the acquired immune response  develops slowly 

and takes several days to become effective. As a result, the neonate and the youngest, due to the 

physiological naivety of the immune system, are exposed to infections during the first months than 

later in life. Acquired immune response relies partly upon the interaction and balance between 

several different cell types, particularly CD4+ and CD8+ lymphocyte subsets  (Tizard, 2004). 

The acquired immune response, is based on two properties: 

1. Cell mediated immune response ( CMIR )  

– The presence of a variety of cells ( e.g. T cell, macrophages ) specialized in destroying foreign 

substances by secreting  interleukins. 

2. Humoral immune response ( HIR )  

– The formation of specific proteins by B cells responsible for producing antibodies 

(immunoglobulins).  

With all of these cells and processes for fending off invading microbes, fungi, bacteria and viruses, 

the immune system has its work cut out for it, and there are numerous external factors that can 

disrupt the body's process for fighting off infection such as anxiety and depression, as well as 

malnutrition. Since malnutrition adversely affects immune function, ensuring proper nutrition 

through the diet is essential for protecting and maintaining the immune system. In addition to 



nutrient intake, several botanical and nutritional substances work to enhance the various activities 

that make up immune function (Abbas et al., 2000).  

 

Flow cytometry 

 

Flow cytometry is a widely used method for characterizing and separating individual cells as they 

travel in suspension (blood, bone marrow, body fluids or tissue cell suspensions). This technology 

can provide rapid, quantitative, multiparameter analyses on single living (or dead) cells based on the 

measurement of visible and fluorescent light emission. In particular, in buffalo, flow cytometry is 

employed to analyse CD4+ and CD8+ lymphocyte subsets in peripheral blood and mastitic milk. As 

for young and adult buffaloes, it has revealed that the composition of leukocyte populations in water 

buffalo is similar to that in cattle. However, despite many studies describe immune response 

features in cattle and in calves, in buffalo very scarce data and from few animals are available about 

immune response mechanisms (Davis et al., 2001).  

In cattle, the importance of the different subpopulations of lymphocytes and the differences between 

calves and adult animals have been described (Wyatt et al., 1994; Wilson et al 1996; Ayoub et al., 

1996; Kulberg et al., 2004 ; Kampen et al., 2006; Chatta et al., 2010) whereas in buffalo adult and 

calves in physiological conditions data are scarce. 

 

REFERENCES 

 

Abbas A., Lichtman A.H. and Pober J.S., 2000. Cellular and Molecular Immunology, 4
th

 edition. 

 

Ayoub I.A., Yang T.J. 1996. Age dependent changes in peripheral blood lymphocyte 

subpopulations in cattle: a longitudinal study. Dev. Comp. Immunol. 20, 353-363. 

 

Bertoni G., 1989. Effetti e livello ematico e produttivo della somministrazione di grasso animale a 

bovine da latte ante e post partum. Zoot. Nutr. Anim., 15 (4): 341-354. 

 

Bertoni G. e Piccioli Cappelli F., 1994a. Indagine sull'allevamento delle bufale in provincia di 

Latina: influenza dell'alimentazione sulle condizioni metaboliche e produttive. Inf. Agrario, 18: 19-

33. 

 

Bertoni G., Lombardelli R., Piccioli Cappelli F., Bartocci S. e Amici A., 1994b. Alcuni fattori che 

influenzano le condizioni endocrino-metaboliche della specie bufalina. Agr. Ricerca, 16: 87-98. 

 

Bertoni G., Bartocci S., Piccioli Cappelli F. e Amici A., 1997. Blood metabolites and hormone 

changes in lactating buffaloes fed diets different for energy content and protein degradability. Proc. 

Fifth World Buffalo Congress. Caserta, Italia: 961-965. 

 



Bertoni G. Piccioli-Cappelli F., 1999. Guida all'interpretazione dei profili metabolici. Pubblicazione 

ASPA ed. Università degli Studi di Perugia. 

 

Borghese A., Terzano G.M., Debenedetti A., Lucaroni A. e Malfatti A., 1991. Indagine sull'attività 

endocrina delle bufale in lattazione. Atti IX Congresso Nazionale ASPA. Tavola Rotonda: 1235-

1250 

 

Borghese A., 1994. Studio dei profili ematici come indicatori dello stato fisiopatologico degli 

animali in produzione zootecnica. Biologia Oggi VIII (1-2): 91-112. 

 

Botigeli Sevegnani K., Macedo de Toledo L., Arcaro Junior I., Schneider P., Matarazzo S.V., 

Tonizza de Carvalho N.A., and Ambrosio L.A., 2007. Effect of environmental variables on 

buffaloes physiology. Proc. 8
th

 World Buffalo Congress in Italian J. Anim. Sci., vol.6: 1333-1335. 

 

Campanile G., Di Palo R., Di Meo C., Staiano M. and Zicarelli L., 1994. Metabolic profile in ltalian 

Mediterranean Buffaloes. Proc. Fourth World Buffalo Congress, Sao Paolo, Brazil: 257-259. 

 

Campanile G., Di Palo R. e D'Angelo A., 1997. Profilo metabolico nel bufalo. Suppl. n.4 Bubalus 

Bubalis: 236-249. 

 

Canfield P.J., Best F.G., Fairburn A.J., Purdie J. and Gilham M., 1984. Normal haematological and 

biochemical values for the swamp buffalo (Bubalus bubalis). Aust. Vet. J Mar, 61(3): 89-93. 

 

Cavallina R., Alfieri L. and Lai O., 2003. Metabolic, endocrine and immune profile in buffalo 

calves from birth to weaning. Atti Secondo Congresso Nazionale sull'Allevamento del Bufalo. 

Monterotondo, Roma: 279-283. 

 

Cavallina R., Roncoroni C., Campagna M.C., Minero M., Canali E., 2008. Buffalo behavioural 

response to machine milking in early lactation. Ital. J. Anim. Sci., 7: 287-295. 

 

Chatta K.S., Firth M.A., Hodgins D.C., Shewen P.E. 2010. Variation in expression of membrane IgM, 

CD21(CR2) and CD32 (Fcγ RIIB) on bovine lymphocytes with age: A longitudinal study. Dev. 

Comp. Immunol. 34: 510-517. 

 

Chugh S.K, Bhardwaj R.M and Mata M.M., 1998. Lowered antioxidant status of red blood cells in 

post-parturient haemoglobinuria of buffaloes. Vet. Res. Commun., Sep, 22 (6): 383-388. 

 

Ciaramella P., Corona M., Ambrosio R., Consalvo F. and Persechino A., 2005. Haematological 

profile on non-lactating mediterranean buffaloes (Bubalus bubalis) ranging in age from 24 months 

to 14 years. Research in Veterinary Science. 

 

Cockrill W.R., 1974. Aspects of disease. In The husbandry and health of the domestic buffalo. FAO 

ed. Rome: 495. 

 

Davis W.C., Khalid A.M., Hamilton M.J., Ahn J.S., Park Y.H., Cantor G.H.  2001. The use of 

crossreactive monoclonal antibodies to characterize the immune system of the water buffalo 

(Bubalus bubalis). J. Vet. Sci.  2(2): 103-109. 

 

Deore M.D., Srivastava K.A. and Sharma S.K., 2002. Blood selenium levels during different stages 

of selenosis in buffaloes and its evaluation as a diagnostic tool. Vet. Hum. Toxicol., 44 (5): 260-263 

 



De Rosa C., Campanile G., Amante L., Banchelli L., Midea D. e Zicarelli L., 2001. Modificazioni 

endocrino-metaboliche nella fase di transizione e nei primi mesi di lattazione. Atti Primo Congresso 

Naz. Allevam. Bufalo. Salerno, Italia: 293-297. 

 

De Rosa G, Napolitano F, Grasso F, Bilancione A., Spadetta M., Pacelli C, Van Reenen K., 2007. 

Welfare Quality: a Pan-European integrating project including buffalo. Ital J Anim Sci 6: 1360-

1363.  

 

De Rosa G, Grasso F, Braghieri A, Bilancione A, Di Francia A, Napolitano F., 2009. J Dairy Sci 

92: 907-912.  

 

Dixit N.K., Agarwal S.P., Agarwal W.K. and Dwaraknat P.K., 1984. Seasonal variation in serum 

levels of thyroid hormones and their relation with semen quality and libido in buffalo bulls. 

Theriogenology, 22 (5): 497-507. 

 

Fagiolo A, Lai O, Alfieri L, Nardoni A, Cavallina R. 2004. Environmental factors and different 

managements that influence metabolic, endocrine and immune responses in water buffalo during 

lactation. World Buffalo Congress Proceedings-Manila (Phylippines). 

 

Fagiolo A., Roncoroni C., Lai O., Borghese A., 2005. Buffalo pathologies. Buffalo production and 

research. Antonio Borghese ed, FAO Regional Office for Europe, Rome, Chapter XIII, 249-296. 

 

Fagiolo A, Lai O, Alfieri L., Roncoroni C., 2010. Welfare and conditioned pathology in Buffalo. 

Proc. 9
th

 WBC, Buenos Aires, Argentina, 28-30 of April. in Rev. Vet. 21, Sup.1: 252-255.  

  

Ghaly H.A.M., 1987. Egypt. J. An. Prod., 25 (1): 83-92. 

 

Gilham, M.P. (1986). Buffalo calf raising trial, Berrimah Research Farm —DPP, Technote No. 39. 

 

Grasso F., Terzano G.M., De Rosa G., Tripaldi C. and Napolilano F., 2004. Influence of housing 

conditions and calving distance on blood metabolites in water buffalo cows. Italian J. Anim. Sci., 

vol.3: 273-287. 

 

Gudev D., Popola-Ralcheva S., Moneva P., Aleksiev Y., Peeva T., Ilieva Y., and Penchev P., 2007. 

Effect of heat-stress on some physiological and biochemical parameters in buffaloes. Proc. 8
th

 

World Buffalo Congress in Italian J. Anim. Sci., vol.6: 1325-1328. 

 

Hussein FM, Noiser WM, El-Bawab E.L., 1997. Reproductive performance of buffaloes under 

some stress factors. Proceedings 5
th

 World Buffalo Congress, Caserta, Italy, p.928-932. 

 

Jacobsen, KL. 1998. Il benessere delle bovine da latte nei climi caldi e umidi. Parte I. Ricoveri ed 

effetti dello stress da calore. Large Animals Review 4: 29-34. 

 

Kampen A.H., Olsen I., Tollersrud T., Storset A.K., Lund A. 2006. Lymphocyte subpopulations and 

neutrophil function in calves during the first 6 month of life. Vet. Immun. Immunonopat. 113: 53-

63. 

 

Kanchev LN, Danev A, Alexandrov K, Dejanova P., 1997. Influence of melatonin on cortisol 

concentration during transport stress in buffalo. Proceedings of the 5
th

 World Buffalo Congress, 

Caserta, Italy, p. 933-936. 

 



Kleczkowski M., Klucinski W., Sikora J., Zdanowicz M. and Dziekan P., 2003. Role of 

antioxidants in protection against oxidative stress in cattle non-enzymatic mechanisms (Part 2). Pol. 

J. Vet. Sci., 6 (4): 301-308. 

 

Kleczkowski M., Klucinski W., Sikora J. and Zdanowicz M., 2004. Role of antioxidants in 

protection against oxidative stress in cattle-trace elements and enzymatic mechanisms (Part 3). Pol. 

J. Vet. Sci., 7 (3): 233-240. 

 

Koga, A., Kuhara T., Kanai Y., 2004. Comparison of body water retention during water deprivation 

between swamp buffaloes and Fresian cattle. J. Agric. Sci., 138: 435 – 440. 

 

 

Koga A. and Chaiyabutr N., 2006. Distinctive water turnover in Swamp Buffaloes suggesting 

species-specific adaptation to hot-humid climates. Proceedings of the 5
th

 Asian Buffalo Congress on 

social economic contribution if buffalo to rural areas, April 18-22 Nanning, China, I: 490-494. 

 

Kulberg S., Boysen P., Storset A.K. 2004. Reference values for relative numbers of natural killer 

cells in cattle blood. Dev. Comp. Immunol. 28: 941-948. 

 

Langer P.N., Sidhu G.S. and Bhatia J.S., 1969. A study of the microbial population in the rumen of 

buffalo (Bos bubalus) and zebu (Bos indicus) on a feeding regimen deficient in carbohydrates. 

lndian J. Vet. Sci., 38: 333-336. 

 

Maianti M.G., Bertoni G., Lombardelli R. e Cappa V., 1990, Variazioni ematiche in bovine 

sottoposte a fattori diversi di stress. Zoot. Nutr. Anim., 16: 19-27. 

 

McCool CJ, Entwistle KW., 1989. The effects of capture stress on testis function in the Australian 

Swamp buffalo (Bubalus bubalis). Theriogenology 31: 595-612. 

 

Montemurro N., Pacelli C. and Borghese A., 1995a. Metabolic profiles in buffalo heifers bred in 

two farms with different feeding and climatic conditions. Egyptian J. Anim. Prod., vol. 32 (1): 1-12. 

 

Montemurro N., Pacelli C., Todini L., Malfatti A. e Borghese A., 1995b. Studi preliminari 

dell'attività tiroidea in manze bufaline. Atti Soc. Ital. Sci. Vet., vol. XLIX: 345-346. 

 

Montemurro N., Pacelli C. and Borghese A., 1997. Blood metabolites change in milking buffalo 

cows. Bubalus Bubalis, vol. III: 69-78. 

 

Napolitano F, De Rosa G, Grasso F, Pacelli C, Bordi A., 2004. Influence of space allowance on the 

welfare of weaned buffalo (Bubalus bubalis) calves. Liv Prod Sci 86: 117-124. 

 

Odyuo LT, Jana DN, Das N., 1995. Maintenance behaviour of Murrah buffalo under an intensive 

management system. Appl Anim Behav Sci 45: 293-299. 

 

Pizzuti G.P. and Salvatori G.C., 1993. Some blood parameters of water buffalo in different 

physiological conditions. Boll. Soc. Italian. Sper., 69 (10): 649-654. 

 

Ramadan A.A., Ghoniem A,A., Hassan H.M. and Youssef A.E., 2001. Effects of beta-carotene, 

selenium and vitamin A on in vitro polymorphonuclear leukocytic activity in peripartal buffalo 

(Bubalus bubalis). Theriogenology, 55 (3): 693-704.  

 



Rane RS, Thorat RA, Mali SI., 2003. Microclimate studies in buffalo farm shelter. Proceedings 

of the 4
th

 Asian Buffalo Congress , New Delhi, India, p. 185-186.  

 

Roncoroni C, Giangolini G, Alfieri L, Fagiolo A., 2008. Housing and management in: Milking 

management of dairy buffaloes. (Rasmussen MD, Thomas S and Borghese A Ed) Bulletin of the 

International Dairy Federation Brussels, Belgium, 426. p. 85-91. 

 

Sastry NSR., 2003. Buffalo management scenario in small farmer holding of India: Observations 

and suggestions. Proceedings of the 4
th

 Asian Buffalo Congress. Lead papers I, p.169-171. 

 

Satriani A., Piccioli-Cappelli F., Palimeno F., Lambardelli R., Ferrara L. e Bertoni G., 2001. Fattori 

ambientali causa di variazioni endocrino-metaboliche nella bufala da latte. Atti I Congresso Naz. 

Allevam. Bufalo. Salerno, Italia, 3-5 Ott.: 285-288. 

 

SCARM (Standing Committee on Agriculture and Resource Management), 2003. Farmed buffalo. 

CSIRO PUBLISHING ed. Collingwood Victoria, Australia. SCARM Report Series 52.  

 

Setia M.S., Duggel R.S. and Singh R., 1992. Biochemical constituents of blood in buffaloes and 

cows during late pregnancy and different feeding and climatic conditions. Egypt. J. Anim. Prod., 

25: 1-12. 

 

Sharawi S.M., El-Azab M.A., Labib F.M. and Heshmat H.A., 1987. Serum levels of thyroxine (T4) 

and triodothyronine (T3) in the normal cycling buffaloes with inactive ovaries before and after 

PMSG treatment. J. Egypt. Veter. Med. Ass., 477: 299-306.  

 

Sharma S, Sharma V, Sharma BK, Mehrotra PK., 2006. Studies on Buffalo management and 

husbandry practices in urban and peri urban areas of Jaipur in semi arid tract of Rajasthan. 

Proceedings of the 5
th

 Asian Buffalo Congress, Nanning, China, p. 524-528. 

 

Singh V.K., More T. and Singh S., 1997. The effect of activation of granulocytes on enzyme release 

and hydrogen peroxide and superoxide production in buffaloes. Vet. Res. Commun., 21 (4): 241-

247. 

 

Terzano G.M., Tripaldi C., Allegrini S., Pasqui E., Roncoroni C., Satà M.C. e Terramoccia S., 

2000. Benessere e riproduzione: approccio sperimentale sulla specie bufalina. Proc. Workshop Stato 

di benessere ed efficienza riproduttiva negli animali di interesse zootecnico. Viterbo, Italia: 147-

153. 

 

Than V.T.K and Chang W.S., 2007. Differences in adaptation to tropical weather between buffaloes 

and cattle. Proc. 8
th

 World Buffalo Congress in Italian J. Anim. Sci., vol.6: 1340-1343. 

 

Thomas CS. 2004. Milking management of dairy buffaloes. Doctoral Thesis, Swedish University of 

Agricultural Sciences, Uppsala, Sweden, p. 15. 

 

Tizard  I. R., 2004. Veterinary Immunology. 7th Edition. Ed. by Saunders, Philadephia. 

 

Tripaldi C, Napolitano F, Scatà MC, Grasso F, De Rosa G, Pasqui E, Roncoroni C, Bordi A., 2003. 

Housing system and welfare of buffalo cows. Book of Abstracts of the 54
th

 Annual Meeting of the 

European Association for Animal Production (EAAP), Rome, Italy, p. 184. 

 



Upadhyay R.C., Rani R., Asharaf S., Singh S.V., Somvanshi S.P.S., and Kumar A., 2010. The 

effect of climatic changes on buffalo milk production. Proc. 9
th

 WBC, Buenos Aires, Argentina, 28-

30 of April. in Rev. Vet. 21, Sup.1: 256-258.  

 

 

Vulcano L.C., Mamppim M.J., Oba E. and Munziz L.M.R., 1997. Circadian variation of serum 

triodothyronine (T3) and thyroxine (T4) concentrations in non-pregnant Murrah buffalo cows. Proc.
 

Fifth World Buffalo Congress. Caserta, Italia: 767-770. 

 

Wilson R.A., Zolnai A., Rudas P., Frenyo L.V., 1996. T-cells subsets in blood and lymphoid tissues 

obtained from fetal calves, maturing calves, and adult bovine. Vet. Immun. Immunonopat. 53: 49-

60. 

 

Wyatt C.R., Madruga C., Cluff C., Parish S., Hamilton M.J., Goff W., Davis W.C., 1994. 

Differential distribution of γδ T-cell receptor lymphocyte subpopulations in blood and spleen of 

young and adult cattle. Vet. Immun. Immunonopat.  40: 187-199. 

 

Zava M., 2011. Manejo y bienestar animal. in El bufalo domestico. Orientacion Grafica ed. Buenos 

Aires 1°: 459-466.  

 

Zia-Ur-Rahman I.U., Haq I., Javed, Mushtaq-Ul-Hassan Z.H., Naqvi M.M. and Asif M. Jaivi, 1997. 

Hormonal and haematological profiles in buffalo after transport, handling and slaughter stress. Proc.
 

Fifth World Buffalo Congress. Caserta. Italia: 961-965. 

 

Zicarelli L., Avallone L., Salvatore M. e Pizzuti G.P., 1986. Comportamento di alcune costanti 

ematiche nelle bufale in gravidanza e lattazione. Atti S.I.S.Vet., 40: 569-572.  

 

 



 1 

Chapter 11 

PATHOLOGIES 

Olga Lai, Cristina Roncoroni, Giorgio Saralli, Tiziana Zottola, Antonio Fagiolo 

Animal Prophylaxis Research Institute for Lazio and Toscana Regions (IZSLT) 

Via Appia Nuova, 1411- Rome, Italy – olga.lai@izslt.it  
 

 

 

Introduction on buffalo health 

 

The water buffalo is a healthy animal in spite of a natural habitat consisting of hot and humid 

regions that are very favourable to micro-organism and parasite proliferation. Although susceptible 

to most diseases and parasites that afflict cattle, this species seems to be more resistant developing 

weaker symptoms compared to many bovine infections. Also productivity losses are often less 

evident but causing qualitative and quantitative drop in meat and milk yield. In spite of similar 

pathologies and therapies some differences in epidemiology and pathogenesis should be considered. 

Infectious diseases must be dealt with considering stocking densities, housing facilities, 

management and stockmanship; nutrition in particular must also refer to the presence of grazing, the 

possibility of mixed pasture with domestic and feral animals and the type of pasture. Moreover 

emerging or re-emerging diseases should be taken in account as climate changes can influence 

pathogens and vectors spread. Also non infectious diseases as metabolic syndromes and 

deficiencies, closely related to nutrition and management, can impair buffalo production.  

In this chapter the main bacterial, viral and parasitic diseases affecting the buffalo species will be 

discussed. Table 1 shows the etiologic agents associated with the main symptoms. 
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 Main symptoms  Bacterial agents Viral agents Parasitic agents 

 

 

 

 

 

 

Buffalo 

calf 

diseases 

gastro- 

intestinal  

enteritis diarrhoea 

abomasitis 

E.coli  ETEC - EHEC - EPEC - NTEC  

Salmonella - Klebsiella - Proteus 

Pseudomonas -Citrobacter 
Enterobacter -  

Clostridium perfringens 

Rotavirus 

Coronavirus 

Calicivirus 

Cryptosporidium - Giardia -

Eimeria -Toxacara -

Strongyloides 

respiratory  pneumonia 
nasal discharge 

Pasteurella 
Manneheimia haemolytica 

Klebsiella pneumoniae 

Mycoplasma 

Ephemerovirus rhabdovirus  

neurological  Encephalomyelitis
- meningo- 

encephalitis 

shaky gait 
opisthotonos 

turning around 

paralysis 

Chlamydophila  
 

Bubaline Herpesvirus 1 
(BuHV1)  

Bovine Herpesvirus 1 (BoHV1) 

 

 

 

 

 

 

 

 

 

 

Adult 

buffalo 

diseases 

gastro- 

intestinal  

enteritis diarrhoea Bacillus antracis 

Mycobacterium  paratbc 

Clostridium 

Pestivirus 

Rhadinovirus 

Morbillivirus 

Ostertagia 

Paramphistomum 

Haemonchus , 
Trichostrongylus Cooperia  

Bunostomum  

Oesophagostomum   
Fasciola 

respiratory  pneumonia 

nasal discharge 

 

Pasteurella multocida 

Bacillus anthracis 

Pestivirus 

Bubaline Herpesvirus 1 

(BuHV1)                    Bovine 

Herpesvirus 1 (BoHV1) 

Rhadinovirus 
Morbillivirus 

Ephemerovirus rhabdovirus 

Dictyocaulus 

 

 

 

 

neurological  meningitis 

paralysis 

Bacillus antracis 

 

 

Rhabdovirus  

skin  ulcerations 

scabs 

erosions 
vesicles 

Bacillus anthracis Poxvirus 

Aftovirus 

Dermatophilus 

Sarcoptes scabei 

 abortion  Brucella spp; Arcanobacterium piogenes; Chlamydophila abortus; Coxiella burnetii; 

Bacillus licheniformis; E. coli ; Leptospira; 
Serratia marcescens 

Herpesvirus 1 (BuHV1)  Bovine 

Herpesvirus 1 (BoHV1) 
Pestivirus 

 

Neospora caninum 

 

 mastitis  S. aureus ; S. agalactiae ; S. dysgalactiae ; S. bovis ; S. coagulase negative; E. coli; 

Pseudomonas aeruginosa; C. bovis; Arcanobacterium pyogenes; Aerococcus viridans; 
Enterococcus faecalis ; Serratia marcescens; Klebsiella pneumonite; Bacillus cereus ; 

Prototheca zophii ; Brucella abortus; Mycobacterium bovis  

Ephemerovirus rhabdovirus 

Poxvirus 
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Neonatal pathologies  

In buffalo breeding the greatest animal losses are often among calves. Overall mortality in buffalo 

calves registered by different authors ranges from 2 to 34 percent and among these deaths the major 

cause is represented by enteritis (Sunil Chandra and Mahalingam, 1994; Khan et al., 2009). 

Buffalo-calf scours is a major health and economic threat causing extensive economic losses due to 

mortality and cost of treatments. In particular disease incidence in young calves has a direct adverse 

effect on health status, and also influence longevity in the herd and productive performances. The 

newborn buffaloes usually present diarrhoea during the first four weeks of life (Ribeiro et al., 

2000). Generally calves show acute, profuse diarrhoea, sometimes with dysentery, cyanotic mucous 

membranes, depression, weakness, lack of coordination, severe dehydration and acidosis leading to 

death within a few days. Sometimes calves also develop pneumoenteritis. Therapy is usually based 

on diet, administration of fluids, electrolytes, intestinal protectants and antibiotics. It is to be 

highlighted that in Italy an increase in antimicrobial resistance for the E. coli strains has been found, 

whereas Salmonella spp. showed greater susceptibility patterns (Galiero et al., 2003). 

One of the main factors predisposing to enteritis is poor calves management. In fact prophylaxis 

relies mainly on cage comfort and hygiene, adequate colostrum administration and increasing non-

specific and specific resistance with dams’ or calves’ vaccination. Colostrum should be provided 

within the first two hours of the calves’ life, in a quantity of 50 ml/kg, corresponding to 1/20
th

 of the 

body weight. It has also been proved that calf mortality decreases when feeding is regularly 

performed by the same person and that proper housing and ventilation are important as they 

contribute reducing stress (Yadav, 2003). Therefore it is clear that diarrhoea is related to a complex 

etiology. The incidence and severity of the disease depends on several factors: colostral immunity, 

overcrowding, parity of dam, age, sex, birth weight, quality of diet, meteorological conditions and 

the general care provided to calves. Studies have shown that mortality among buffalo calves is also 

related to the season (Khan et al., 2009). Another major factor is colostrum: inadequate feeding on 

the first day of life makes the calf more susceptible because of the associated low level of serum 

immunoglobulins (Yadav, 2003). Calves delivered from heifers were more susceptible being weak 

at birth because of dystokia (El-Garhi et al., 1994). During outbreaks of buffalo neonatal diarrhoea, 

different pathogens have been detected: several bacteria, viruses and fungi. Viral agents such as 

Rotavirus, Coronavirus and Calicivirus are spread worldwide (Giglio et al., 1994; Decaro et al., 

2007). E. coli and Cryptosporidium have also been detected (Cavirani et al., 1997). In other cases 

the main causes have turned out to be colibacillosis and salmonellosis, clostridiosis and coccidiosis 

(Nizza et al., 2010). E. coli incidence appeared higher in the first week and salmonellosis in the 

third, but E. coli seems to be the major cause of diarrhoea with an incidence of 54 to 58 percent 
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compared to 13 to 14 percent for salmonellosis. In Southern Italy, Salmonella spp. was isolated in 

the 30percent of buffalo calves died with clinical symptoms of diarrhoea (Borriello et al., 2010). 

Haemorrhagic diarrhoea has also been reported in buffalo calves due to Clostridium perfringens 

types A, C and D. Pasteurella, Klebsiella, Proteus vulgaris and Citrobacter have also been 

recorded (Sharma and Kumar, 2003). Parasitic agents such as Eimeria spp., Strongyloides 

papillosus, Toxocara vitulorum and Cryptosporidium parvum are commonly found in both 

diarrhoeic and non-diarrhoeic calves. This demonstrates the significance of all calves as potential 

sources of infection. E. coli, E coli ETEC, E. cloacae, K. Pneumoniae and Citrobacter spp. show a 

higher rate of occurrence in diarrhoeic animals but, except for E. coli ETEC and Citrobacter, they 

are also present in the enteric microflora of the buffalo calves (Ribeiro et al., 2000).  

Multiple infections due to enteropathogenic viruses and bacteria are more common than single ones.  

 

Rotavirus 

Rotavirus infection is characterised by rapid onset of anorexia, depression, sometimes fever, and 

most of all watery or pasty diarrhoea that can show traces of blood, and dehydration. Buffalo calves 

are mainly affected when they are about one to three weeks old. The peak of the diarrhoea is at 

seven to eight days, afterwards virus shedding may occur but the clinical disease is not evident. The 

incubation period is assumed to range from one to three days. Buffalo calves showed a greater 

number of positives compared to bovine calves. The morbidity for buffalo calves is 43 to 45 

percent; mortality is 25 percent. Rotaviruses are not highly virulent but prove to be serious in the 

case of mixed infections as many pathogens of low pathogenicity can, together with Rotaviruses, 

produce a severe syndrome of diarrhoea, dehydration and acidosis, often resulting in death in young 

calves. For example the concomitant presence of rotavirus and E. coli O157:H7 in diarrhoic faecal 

samples of buffalo calves may cause death (Nizza et al., 2010). 91 percent of mixed infections 

comprehend Rotavirus infection. The transmission is possible thanks to the faecal-oral route. Only 

10 to 100 infectious viral particles are needed to cause infection. Environmental infecting power is 

generally high due to the viral excretion from calves, although healthy looking, and mothers just 

before calving. In fecal matter 100 to 1000 viral particles per millilitre are shed. Moreover 

rotaviruses are characterised by a high resistance in the environment and contaminated materials 

and objects. To prevent the spread of infection a high environment hygiene is necessary as standard 

sanitary measures are ineffective against rotaviruses (Iovane et al., 2007). Buffalo calves should be 

placed in single disinfected cages which have not been used for 15 to 20 days. High quality colostrum 

is essential for the prevention of neonatal disease. Various preparations with more antigen valences 

are sold for passive immunization of calves through vaccination of pregnant female buffaloes. The 
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first two feeding supervisions should permit the attainment of the maximum number of calves with 

maternal antibodies as maternal vaccinations are not effective if colostrum is not provided in 

sufficient quantities during the first six hours of life. The amount should be equal to five to ten percent 

of the calf’s body weight or to two litres on the first day (Galiero, 2000).  

Rotaviruses, in the small intestine, multiply in the mature epithelial cells at the tips of the villi, 

causing the microvilli to degenerate and the release of a large amount of viral particles. The 

destroyed cells are replaced by underlying ones that are lacking in digestive and absorption 

functions. So cell death and desquamation cause reduced digestion, malabsorption and villous 

atrophy. The consequent reactive crypt cell hyperplasia and the increased secretion contributes to 

the severity of the diarrhoea together with intestinal motility. Lesions are essentially intestinal, 

including dilatation, yellowish content and thinned sections. Diagnosis is based upon virus 

identification in the faeces. It should be performed prior to any antibiotic therapy and at the 

beginning of the diarrhoea in order to verify the presence of bacteria.   

As no specific drug has shown to be efficient, it is essential to provide calves with liquids during 

diarrhoea in order to replace the lost fluids and restore the right hydrosaline balance by saline or 

lactated Ringer’s solution intravenous, subcutaneous or by oral solutions. The use of antibiotics 

allows the control of secondary bacterial infection in a damaged intestine.  

 

Salmonellosis  

Salmonellosis is an important zoonoses deriving from contact with infected animals or 

contaminated equipment. No Salmonella serotype seems to be specifically bubaline-adapted. The 

mixed infections and host–parasite interactions make sometimes difficult to define diarrhoea 

etiology and strain patogenicity (Borriello et al., 2010).  

During Salmonellosis, diarrhoea, mucous at first, becomes bloody and fibrinous with shreds of 

mucosa. It sometimes causes sudden death without symptoms. During septicaemia, articulations, 

the lungs and meninges are also involved. The inflammatory lesions are markedly present in the 

small intestine, but they could also be found in the abomasum and colon (Fig. 1,2). There is 

congestion, whitish mucus, pseudo-membranes easily removable or not, and blackish or spotted 

mucosa. The diagnosis should differentiate salmonellosis from colibacillosis, rotavirosis, 

criptosporidiosis, coccidiosis, mucous membrane disease, colisepticaemia and clostridiosis.  

Therapy is aimed at restoring the correct hydro-saline balance and fighting the infection. 

Rehydrating therapy is always necessary, while antibiotics are indicated only in cases of severe 

diarrhoea with a rise in body temperature. Antibiotic resistance is increasing in anti salmonellosis 

therapy, and for this reason it is preferable to make the choice of the molecule on the basis of the 
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literature reports, farm experiences and antibiogram results. It is important to provide a mass 

treatment calculating the adequate posology and administrating for at least four to five days. 

Antibiotic treatment to all neonates prevents serious symptoms and spread of the infection. It is 

always important to control the animals introduction with a quarantine period allowing for the 

execution of three bacterial examinations at a distance of two weeks one from the other, since 

excretion can be intermittent. Animals older than twelve weeks of age generally show no clinical 

signs but are very significant for the spread of the infection. Other sources of infection are contaminated 

forages and water as well as rodents, wild winged animals, insects and man. Consequently contact with 

adult and synantrhopical animals should be avoided, even indirectly, and the water should be 

analysed. It is to be stressed that one gram of faeces may contain more than ten thousand million of 

Salmonella bacteria and that it has a good resistance (it can survive for one year in the ground). It is 

sensible to one percent formaldehyde solution, one percent glutaraldheyde solution and formalin. 

Farm vaccines, prepared from the insulated strains, can be useful but requires a long preparation 

(Galiero, 1999).  

Diagnosis should be performed on fresh faeces from not treated animals, on liver, liquid of the 

joints, intestine or whole carcass. The samples should be refrigerated but preferably not frozen. 

Bacteriological examination, biochemical reactions and other tests are usually employed. 

Serotyping of isolated salmonellae is carried out by a test of fast agglutination on a slide. 

 

                  

      Fig. 1-Acute enteritis in Salmonellosis (Zottola photo, 2010)            Fig. 2-Hemorrhagic lymphadenitis of the mesenteric lymph nodes 
                                                                                                                                                   (Zottola photo, 2010) 

Colibacillosis 

The disease is considered to be a typical conditioned pathology deriving from a combined action of 

different factors: environment, microclima, management, nutrition and sanitary status (Galiero G.  

1998). Escherichia coli is a usual species of the intestinal aerobic flora in humans and animals and 

the pathogenic action relies on the production of virulent structural or secreted factors like 
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adhesines, endotoxins, enterotoxins, cytotoxic toxins, haemolysin. They can cause diarrhoea, 

dehydration, hypothermia and sometimes hypovolemic shock in the presence of enterotoxins. 

Endotoxins cause fever, diarrhoea, fall in pressure, haemorrhages and vascular thrombosis. The action 

of cytotoxic toxins as Vero cytotoxins (VT) and cytotoxic and necrotic factors (CNF), results in 

bloody diarrhoea, weakness, emaciation and anaemia for the first ones and systemic pathologies 

associated to haemorragic colitis and pulmonary disease. The presence of haemolisin seems to 

enhance the pathogenic action of the other factors. Morbidity in buffalo calves may be high and 

mortality may be higher than 50 percent (Galiero et al., 1997). In a study on diarrhoeic calves E. 

coli was isolated in 4 percent of the animals (Hegazy, 1991). Recent isolation of E. coli O157:H7 

plus rotavirus among buffalo with diarrhoea underlines the farm health importance and the risk for 

human infection (Nizza et al., 2010). Therapy should aim at re-establishing the electrolitic balance and 

counteracting the bacteria with antibiotics. The antibiotic choice should be made on the basis of an 

antibiogram. To prevent the disease the hygiene level of calving structures and calf stalls is essential as 

it is a correct colostrum administration. Vaccines for the buffalo species are available. 

 

Coccidiosis 

Coccidiosis is a cosmopolitan disease supported by protozoa of the genus Eimeria, causing 

significant economical losses as a result of its high mortality rate and interference in nutrient 

absorption (Bastianetto et al., 2007). 

Several Eimeria have been described in the buffalo species, except for E. pellita and E. alabamensis 

infecting only cattle as well as E. ankarensis, E. bareillyi, E. thianethi, E. azerbajdjhanaica, E. 

gokaky and E. ovoidalis occur only in buffaloes (Bathia, 1992; Cringoli, 2011). 

Parasitized animals excrete, by faeces, particularly resistant oocysts in the environment, that 

represents the source of infection for healthy animals. Humid and rich in organic matter 

environment provides the survival and the development of infectious forms of Eimeria sp. Calves 

from 2 to 7 weeks up to 6 months of age are the most susceptible animals, showing a wide range of 

symptoms such as diarrhoea with watery or pasty stools, dehydration, rough hair coat, anorexia, 

anemia, weakness, reduced growth rate or weigth loss, and retracted abdomen. In severe cases a  

lethal enteritis can occur. On the contrary, infections in adults, usually, begins with an inapparent 

form. Diagnosis is based on the anamnesis and evaluation of clinical signs, confirmed by 

parasitological microscopic examination of fecal samples (Pampiglione et al., 1990). The anatomo-

pathological examination reports catarrhal enteritis and semi-fluid hemorrhagic material in the 

lumen of the small intestine, caecum and colon; in acute cases are found petechial hemorrhages on 

the mucosa and fibrinous clots (Cringoli, 2011). 
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Prophylaxis, is mostly based on environmental hygiene: dry litter, clean watering  troughs, frequent 

removal of manure. For ruminants vaccines are not available. 

Sulphonamide, sulphamidina and amprolim orally or parenterally administered are the drugs most 

commonly used. It has been also demonstrated the efficacy of diclazuril and sodium-decoquinate 

orally administered (Cringoli, 2011). 

 

Cryptosporidiosis 

Cryptosporidium sp. is an intracellular apicomplexa protozoan (Tyzzer, 1907) that infects the 

gastrointestinal tract of a wide range of vertebrates including humans, domestic animals (cattle, 

sheep, goats, horses, pigs, rabbits, chickens, turkeys), companion animals (dogs, cats), laboratory 

animals (mice, rats, guinea pigs) as well as wild mammals, birds, reptiles and fish (Fayer et al., 

2000; Fayer, 2004). In the water buffalo, it has been reported in many countries e.g., India (Dubey 

et al., 1992; Singh et al., 2006; Bhat et al., 2012), Italy (Canestri-Trotti et al., 1984; Galiero et al., 

1994; Saralli et al., 2001; Rinaldi et al., 2007; Condoleo et al., 2007), Spain (Gomez-Couso et al., 

2005), Egypt (Iskander et al., 1987; El-Kodery and Osman, 2008), Cuba (Rodriguéz-Diego et al., 

1991) and Brazil (Araujo et al., 1996). 

Recently advances in molecular biology have revealed unrecognised genetic differences within the 

genus Cryptosopridium which have been designated either as separate species or distinct genotypes 

(Gómez-Couso et al., 2005). Resistant oocysts are trasmitted by faeces ingestion although zoonotic 

infection and individual-to-individual transmission is also known (O’Donoghue, 1995). 

Cryptosporidiosis is commonly associated with enteritis (C. parvum) and is usually caracterized by 

acute, watery, or steatorrheic diarrhoea and colic syndrome in calves under 4 mounths of age (Chen 

et al., 2002; Koset et al., 2001), although asymptomatic infection can occur, expecially in adult 

buffaloes (Skerret and Holland, 2001).  

Diagnosis rely on microscopical examination by the modified Ziehl-Neelsen technique or Auromine 

phenol methods taken during autopsy. Direct immunofluorescence, ELISA (antigen detection) and 

immunochromatography for the  Cryptosporidium oocysts detection have been proven useful, but 

inherit limitationes (OIE, 2008). Finally, the PCR has provided the basis for the development of a 

new generation of diagnostics (Bhat et al., 2012). 

The prophylaxis in diary farms is based on a correct management, compliance with hygiene 

standard, sanitation and environment. It is essential that calves, at birth, take adequate amounts of 

colostrum. Stool samples monitoring is useful in order to control the infection and prophylaxis. 

At the present, there are no effective, approved products for either animals or humans. Some drugs 

have proven toxic effect reducing parasite moltiplication, others have shown some efficacy 
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expecially in animal models (Fayer, 2004). Paromomycin (aminosidine sulphate) (Fayer and Hallis, 

1993) and halofuginone lactate (Villacorta et al., 1991) improve the symptoms and reduce the 

mortality rate in farms (Cringoli, 2011). 

 

Giardiasis 

Giardia sp. is widespread parasite, infecting human and domesticated animals, in addition to many 

other mammalian, avian, reptilian and wildlife species. It is considered an emerging zoonotic agent 

that can produce significant problems to public health (Xiao et al., 2004; Rinaldi et al., 2007).  

Giardia is now classified into 6 species (G. duodenalis, G. agilis, G. muris, G. microti, G. psittaci 

and G. ardeae) and 7 genetically distinct assemblages within G. duodenalis are recognized (A-G), 

each one having a different degree of host specificity. Together with Cryptosporidium, these 

infections can potentially reduce the buffaloes calves growth (Rinaldi et al., 2007). Calves from 

birth up to 7-8 weeks of age are very susceptible, infected through ingestion of oocysts or rarely 

flagellate vegetative forms (trophozoites). Infection may be inapparent, exceptionally there are 

intermittent diarrhoea, dehydration, weakness and reduced growth rate. 

Anamnesis and symptomatology lead to the diagnosis, confirmed by parasitological microscopic 

examination performed on fecal sample. This latter can be tested also for the research of copro-

antigens of G. duodenalis (Ag-ELISA) (Rinaldi et al., 2007). Prophylaxis is based on the 

compliance with the environmental hygiene standards, especially with regard to fodder-watering 

troughs which must be clean as well as litters. 

Albendazole, fenbendazole, nitroimidazole (metronidazole) and paromomycin (aminosidine 

sulphate) are the must effective drugs (Cringoli, 2011; Geurden et al., 2006). 

 

Gastro-intestinal helminthiasis 

Helminthiasis is a well-recognized problem in free-ranging animals. Buffalos, in particular, are 

susceptible to majority of gastro-intestinal nematode infections. The variation in the incidence and 

prevalence of parasitic intensity depends upon the geographical locations, environment, volume and 

height of pasture, grazing habits, immunological and nutritional status of the host, presence of 

intermediate hosts and number of infective larvae or eggs ingested by the animals (Bhutto et al., 

2002). Moreover, Tembely et al. (1997) demonstrated that the effect of helminthes infection on 

production of livestock species depends mostly on the age of the animals, the breed, the parasite 

type and the intensity of the worm populations within the host. 

Gastro-intestinal helminthiasis syndrome is always caused by a mixture of species of helminth 

parasites in the alimentary tract of animals of all age classes (Chaudhry et al., 1984).  
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Several authors identified different species of helminth in buffalo: Strongyloides papillosus, 

Toxocara vitulorum, Haemonchus contortus, Trichostrongylus spp., Ostertagia ostertagi, 

Oesophagostomu radiatum, Bunostomum phlebotomum, Nematodirius spp., Cooperia spp., 

Moniezia benedeni and M. expansa. These parasites not only affect the health of animals, but also 

adversely the productivity, decrease resistance to other diseases and cause severe mortality and  

heavy economic losses as a result. As a matter of fact, the anorexia, the loss of blood and plasma 

proteins in gastro-intestinal tract, diarrhea and decreased levels of minerals contribute to loss in 

weight gain (Soulsby, 1983). Mortality in buffalo calves can occur when there is intestinal 

obstruction and these events account for a considerable proportion of such losses (Bahirathan et al., 

1996; Miller et al., 1998).  

Gastro-intestinal nematode infection can be evaluated indirectly by faecal egg counts (FEC) and 

packed cell volume (PCV) and directly by adult worms. Egg detection in fecal samples may been 

detected by direct smears, floctation or FLOTAC
®
 techniques (Cringoli et al., 2006). Identification 

of nematode species is based on the morphology of eggs (Urquhart, 1998); the positive samples 

were cultured according to the techniques described by MAFF and Riche (1986) to enable the 

development of larval forms. 

The control of gastrointestinal nematodes traditionally relies on grazing management and/or 

anthelmintic drugs treatment. Anthelmintic drugs have been used either as prophylaxis or as 

infection control, but recently, this latter has been achieved almost exclusively by use of 

pharmaceutically derived anthelmintics. Unfortunately, the misuse and widespread intensive use of 

poor quality anthelmintics developed high level multiple anthelmintic resistance (Lioyd et al., 2000; 

Hertzberg et al., 2000; Chandrawathani et al., 2003). As a result, should gastro-intestinal parasitic 

infections be managed  only with pharmaceutically derived anthelmintic drugs, it would be a 

failure. In addition, the high cost, the residues in food animals and the environmental pollution 

induced to search for an alternative solution for helminthes control programs (Waller, 2003). 

However adult worms are sensitive to a wide range of other anthelminthics such as piperazine, 

levamisole, and avermectine  

 

Respiratory disease 

Respiratory diseases are not common in calves less than one month old. If a calf is born too early, it 

has severe difficulty breathing before its surfactant factor is produced and it is usually unable to 

stand. Sometimes calves with severe neonatal diarrhoea, particularly those which are recumbent, 

have breathing problems. Aspiration pneumonia can occur when a calf aspirates milk into the lower 

respiratory tract when being forced to drink milk from a bucket. It is assumed that buffalo calves are 
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difficult in adapting to artificial milking especially when they have experienced mother suckling. It 

is necessary to take time in coaxing calves to drink from a bucket. Finally, lung abscesses can be 

ascribable to septicaemia following navel ill. 

A multitude of microbiological agents has been isolated from the lungs of pneumonic buffalo calves 

but their significance both individually and collectively has yet to be fully elucidated. As previously 

mentioned for calf diarrhoea, calf pneumonia recognises a ‘multiple factor etiology’. In this concept 

the effect of potential respiratory pathogens is modified by other concomitant diseases or by 

physical and social stressors as chilling, wide fluctuations in environmental temperature, 

overcrowding, mixing the calves from different herds and transport. Infectious respiratory disease is 

often a group problem although, initially, individuals only may appear to be affected. The syndrome 

can vary from a simple occasional coughing to frequent bouts of coughing, breathing difficulties 

with marked exercise intolerance when chased, reduced growth rate and excessive difference in size 

among calves. Secondary bacterial infections can exacerbate some of the cases. 

Contagious bovine pleuropneumonia 

After an incubation period of 3-6 weeks (sometime also 6 months), contagious bovine 

pleuropneumonia (CBPP) symptoms are represented by moderate fever (suddenly up to 40°C) with 

polypnoea, cough first only on exercise, then even at rest. Cough is at first dry and slight, then 

becoming moist. Animals characteristic attitude is represented by elbows turned out, arched back, 

head extended due to pain in the chest region. It can be observed edema of the dewlap and throat. 

After exercise breathing becomes laboured and grunting can be heard; at percussion, dull sounds 

can be noticed in the low areas of the thorax. Infected calves generally present arthritis with 

swelling of the joints. Buffaloes of all ages are susceptible. The disease is difficult to produce 

experimentally in the buffalo species. Because of the low resistance of Mycoplasma mycoides in 

the environment (it cannot survive for more than three to four hours outside the host and are easily 

killed by heat treatment or by common disinfectants), the transmission requires close contact and it 

is aerial, due to droplets emitted by coughing animals, saliva, and urine. Transmission up to several 

kilometres has been suspected under favourable climatic conditions. Also transplacental infection 

can occur. Water buffalo (Bubalus bubalis) is present among hosts of the disease, while wild bovids 

and camels are resistant. Buffaloes of all age groups are equally susceptible but once infected, they 

become immune for subsequent infections. The disease is of little significance in buffaloes as they 

are more resistant than cattle, show milder clinical findings and have a higher rate of recovery than 

cattle (Sharma and Kumar, 2003). However, since international buffalo exports are becoming more 



 12 

common, and since buffaloes may transmit the infection to cattle, the disease should be taken into 

account. Mycoplasma mycoides mycoides (SC-type) is susceptible to tylosin and erythromycin and 

tiamulin while penicillin, streptomycin and tetracyclines are ineffective (Sharma and Kumar, 2003). 

In the case of chronically affected animals or subclinically affected carriers, the organisms may be 

in an inaccessible location within an area of coagulative necrosis, which by definition is not served 

by a blood supply. That is why antibiotic treatment should be prohibited. Sanitary prophylaxis in 

disease-free areas should consist in quarantine, serological tests (complement fixation) and 

slaughtering of all animals of the herd in which positive animals have been found. Control of 

movements is the most efficient way of limiting the spread of CBPP. Vaccination of calves is 

possible after 2 months of age.  

Adult buffalo pathologies 

Anthrax 

Anthrax is an acute bacterial infection of humans and animals which may be rapidly fatal. It is a 

febrile disease with high temperatures and swelling of the neck, thorax and lumbar region. 

Cutaneous anthrax causes localized ulceration (sores) and scabs with fever and headache which 

may be followed within a few days by severe illness such as septicemia and meningitis. Inhaled 

anthrax causes fulminating pneumonia. Intestinal anthrax is associated with acute gastroenteritis 

(nausea, vomiting, and bloody diarrhoea). It is characterized by an abnormal enlargement of the 

spleen (it is also called spleenic fever). Blood discharge from natural orifices is common and 

mortality is very high (Fig. 3). Peripheral blood or edema fluid smears can reveal the organism, a 

precipitation test (Ascoli test) from  small pieces of ear or muzzle, can be performed. It should be 

differentiated from peracute black quarter, lead poisoning, acute leptospirosis and bacillary 

haemoglobinuria. All possible precautions should be observed when handling the carcass.  

In buffaloes there are acute and peracute forms. The first one has a course of about 48 hours with 

body temperature of 42°C, depression, deep and rapid respiration, congestion of mucous 

membranes with haemorrhagic spots. Milk can be blood tinged, there can be diarrhoea and edema 

of tongue, throat, sternum and perineum. In the peracute form death is sudden after convulsions and 

collapse, without signs except for loss of blood from nostrils, anus and mouth (Sharma and Kumar, 

2003). The disease occurs sporadically and worldwide, mostly from contaminated soil in the so 

called “anthrax belts”. The causative agent, Bacillus anthracis, possesses a capsule producing a 

toxin and its spores contaminate soil for many years (from 15 to 20). It is an occupational hazard for 

persons such as wool-sorters, farm workers and veterinarians in contact with infected animals or 
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their by-products. All domestic, zoo and wild animals are potentially at risk of infection. It can be 

transmitted to humans through blood, meat, hides, etc. The infection in man usually occurs by 

inoculation from direct contact with infected animals, carcasses or animal products and 

contaminated soil. Inhalation or ingestion of spores may occur. Animals are infected from 

contaminated feed, forage, water or carcasses. Insects like biting flies have been shown to be 

capable of transmission. Outbreaks are more common in warm and humid conditions.  

Spore vaccine works well and provides immunity for one year. The application of anthrax vaccine 

in risk situations can be helpful. After an outbreak, annual vaccination should be performed for at 

least three years. In animals of great value showing clinical signs an anti-anthrax serum associated 

to antibiotics (Streptomycin, oxytetracycline for a minimum duration of five days) can be 

administrated (Sharma and Kumar, 2003). 

Other spore-forming bacteria (genus Clostridium) can express their pathogenicity during animal 

stress due to environment and diet changes, causing sudden deaths (Fig. 4). 

                  

   Fig. 3-Clostridiosis – epistaxis  (Zottola photo, 2010)        Fig. 4-Clostridium perfringens in blood sheep agar  
                                                                                                                                                        (Zottola photo, 2011)                            

Blue tongue 

Blue tongue is a vector-borne disease of ruminants (sheep, goats, cattle, buffaloes, dromedaries and 

wild ruminants) caused by Orbivirus biologically transmitted by five species of Culicoides 

mosquitos. The disease is characterized by the inflammation of mucous membranes, congestion, 

swelling and haemorrhages. Infection is generally sub-clinical in cattle and buffaloes. Sheep are 

generally the worst affected. The disease can be quite variable showing commonly: fever (42 °C), 

loss of condition and emaciation, inflammation, ulcers and necrosis in and around the mouth (gums, 

cheeks and tongue) and, in a small percentage of cases, cyanotic tongue that appears purplish-blue; 

reddening and haemorrhages of the coronary band (above the hoof) causing lameness. Abortions 

http://en.wikipedia.org/wiki/Spore
http://en.wikipedia.org/wiki/Clostridium
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and congenital malformations can also occur and sometimes pneumonia.  In about 5 percent of 

cases, fever, salivation, congestion and swelling and ulcers inside the mouth may occur. The 

varying reactions of buffaloes to the infection could depend on the serotype, on the infectant dose 

and on the involved species infecting the buffalo, or it could be only a carrier-amplifier of the virus 

or a serological responder without viraemia (Capezzuto and Galiero, 2001). 

Serum can be used for the competitive enzyme-linked immunosorbent assay (ELISA) or Agar Gel 

Immunodiffusion. Virus neutralization and Complement Fixation can also be performed. Serum 

samples should be paired to demonstrate a rising antibody titre.  

In disease-free areas, prevention consists in quarantine, serological survey and vector control. In 

infected areas sanitary prophylaxis can only be represented by vector control, for example putting 

sensitive animals during the night into closed rooms protected by mosquito nets. A medical 

prophylaxis is possible by vaccination with modified live virus vaccine or deadened polyvalent 

vaccines. Serotypes incorporated into the vaccine must be the same as those causing infection in the 

field. Vaccination of pregnant ewes should be avoided because of the risk of foetal abnormalities and 

abortions.  

 

Bovine viral diarrhoea 

Bovine viral diarrhoea virus (BVDV) infection can be described as a persistent mucosal disease and 

haemorrhagic syndrome. The clinical aspects of the infection are influenced by host factors such as 

immune status to BVDV (immunocompetence or immunotolerance), and gestation period, and by 

the BVDV-genotype involved. Consequently the estimates of economic losses due to BVDV 

infection are variable (Houe, 1999). In buffaloes, clinical signs are mild compared to those in cattle, 

but they are similar in chronology. In a study on buffalo calves experimentally infected with 

BVDV, an initial diphasic rise in temperature of about 40°C was evidenced as well as nasal and 

lacrimal discharge; only some of them had transient diarrhoea during and after the febrile phase; 

erosions and/or ulcers were seen in the surface of the lips and dental pad associated with congestion 

of the nasal and gum mucosa. In the first 11 days of infection a mild leukopenia (neutropenia and 

lymphopenia) was evidenced later turning to leukocytosis (neutrophilia) from day 15 to 32. The 

phagocytic activity decreased starting from the first day post infection and the T-lymphocyte 

population was severely affected (Hegazy et al., 1991). 

The bovine viral diarrhoea virus (Pestivirus genus, Flaviviridae family) has the ability to develop 

many different variants. If the virus finds itself in another situation, another virus type may take 

over the population with shifts in its pathogenic or antigenic properties. 
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BVDV also presents different biotypes: one producing cytopathologic effects (CPE) in cell culture, 

versus another one that does not (non-CPE). This is important as persistent infections are always due 

to non-CPE viruses that also cause foetal malformations, while CPE viruses are responsible for 

mucosal disease (MD) (Farina and Scatozza, 1998). The non-cytopathic form is the natural, more 

common state in cattle. The disease is associated both with acute and persistent infections and, 

depending on epidemiological circumstances, may manifest as outbreaks affecting large number of 

animals or as a continual low incidence of cases within endemically infected herds. The significant 

economic impact is due to productive and reproductive losses: reduced milk yield, reduced 

conception rate, abortions, foetus mummifications, congenital malformations, weak calves and 

increased animal mortality (Fig. 5,6). Persistently infected calves derive by in utero exposure. 

These calves are persistently infected as they become immunotolerant, so they recognize the virus 

as “self” and never clear the viral infection. For that reason, they shed considerable quantities of 

virus, however this may not be done continuously. Persistent infection (PI) is probably the primary 

mode of transmission among herds, but acute infections can also be involved in the transmission.  

 

              

 Fig. 5- BVD: second month of pregnancy abortion                               Fig. 6-BVD: hemorrhagic cotyledons (Zottola photo, 2012) 
                   (Zottola photo, 2012) 

 

Laboratory tests can confirm clinical diagnosis and detect persistent infections. The samples are 

represented by oral swabs, faecal samples and blood with EDTA; as well as spleen, brain, lung and 

kidney from foetuses and spleen, lymph nodes, gut and abomasum from adult animals. The samples 

are submitted to cell cultures with labelled antibodies. Serological diagnosis can be performed with 

serum neutralization and ELISA.  

The primary treatment for the BVD virus arises from prevention since no good therapy exists.  

Careful culling with proper diagnosis is therefore most important. Prevention focuses on good 

management and a vaccination programme. Management involves minimizing exposure to the virus 

from potential sources (all ruminants). Additionally, good management must minimize stress in 
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order to enable an optimum immune response to vaccines. Although only partial protection is 

accomplished with vaccines, they will in any case reduce the incidence. A good vaccine schedule 

should start at four to six months of age after colostral protection is ending and this should be 

repeated prior to breeding. A killed product should be used in pregnant animals. A killed product 

can be used if the facility permits easy handling of livestock and allows vaccination to be repeated 

since the duration of immunity is shorter than a modified live product. Since no pathognomonic 

clinical signs are associated to BVDV infection, diagnostic investigations rely on either laboratory-

based detection of the virus, or virus-induced antigens or even antibodies in submitted samples. In 

unvaccinated dairy herds, serological testing of bulk milk is a convenient method for BVDV 

prevalence screening. Alternatively, serological testing of young stock may indicate if BVDV is 

present in a herd. ELISA has been used for rapid detection of both BVDV antibodies and antigens 

in blood, but should preferably be supported by other methods such as virus neutralization, virus 

isolation in cell cultures or amplification of viral nucleic acid. 

 

Bovine brucellosis 

This disease, generally known as brucellosis, is also called Bang's disease, malta fever and undulent 

fever (in man), contagious abortion and infectious abortion. It affects many animal species on every 

continent and it is primarily a reproductive disease characterized by abortion, retained placenta and 

impaired fertility in the principal animal host. The clinical findings mostly depend on immune 

status and physiological status of buffaloes: susceptible pregnant females suffer from abortions after 

six months, retained placenta and catarrhal metritis. After the first abortion the animal can give birth 

to full term calves. In bulls, epididymitis and orchitis may occur involving one or both scrotal sacs 

with painful swellings and infection of the accessory sex glands. It has been established that 

brucellosis in bulls does not always result in infertility, although semen quality may be affected. 

Bulls that remain fertile and functionally active will shed Brucella organisms with the semen during 

the acute phase of the disease. Shedding, however, may cease or become intermittent. Mild cases 

are characterized by sinovitis and painful swelling of affected joints. It is difficult to estimate the 

financial loss caused by brucellosis, as it depends on the type of cattle farming, herd size, and 

whether it is an intensive or extensive cattle farm. The economic loss from brucellosis in developed 

countries mostly arises from infected herds slaughter. The economic loss from brucellosis in 

developing countries arises from the actual abortion of calves and resulting decreased milk yield, 

birth of weak calves that die soon after birth, retention of the placenta, impaired fertility and 

sometimes arthritis or bursitis. Furthermore, although it is very difficult to estimate the financial 
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loss incurred by human brucellosis, there is no doubt that it is substantial. Symptoms of acute 

brucellosis in man, caused by Brucella abortus, are 'flu-like' and highly non-specific, while chronic 

brucellosis is insidious as the vague symptoms might be confused with other diseases. It is a major 

pathology concerning buffalo. Mediterranean buffaloes, not having a specific-species strain, present 

higher possibilities of contracting this disease especially when it is present in the other receptive 

species, such as bovine and ovine, and there is promiscuous breeding or uncontrolled livestock 

movement. Buffaloes are in fact very susceptible both to Brucella abortus, that is the main cause of 

this disease in bovines, and to Brucella melitensis, more frequent among the ovine species. B. 

abortus appears to be the main species in buffaloes and biotype 1 is that most frequently isolated 

(Costa, 2002). Frequently in buffaloes biotypes 1, 3 and 6, and less the 7, have been isolated for B. 

abortus; only 1 and 2 for the B. melitensis (Fraulo and Galiero, 1999). The water buffalo may also 

be more resistant to infection than cattle (Fosgate et al., 2011). Age, sex, stage of pregnancy and 

natural resistance to Brucella may influence the progression of infection. Heifers born of infected 

dams usually test seronegative for Brucella for a long period as the stage of pregnancy at the time of 

infection determines the incubation period. Pregnant females are more likely to become infected 

than non-pregnant cattle or males. This is because a gravid uterus sustains growth of the organism. 

Furthermore, the course and incidence of the disease is also influenced by natural resistance to 

Brucella infection. Finally, the success of the Brucella infection depends on exposure dose, 

virulence of the organism and natural resistance of the animal, based on its ability to prevent the 

establishment of a mucosal infection. Transmission of B. abortus is very likely to occur via the oral 

route as cattle tends to lick aborted foetuses and the genital discharge of an aborting cow. 

Contamination of a cowshed or pasture takes place when infected cattle abort or have a full-term 

parturition. Although it is generally accepted that B. abortus is not excreted for any considerable 

time before abortion occurs, excretion in the vaginal discharge of infected cattle may occur as early 

as 39 days after exposure. A massive excretion of Brucellae starts after abortion and may continue 

for 15 days. Once the foetal membranes are expelled the uterine discharge diminishes and the 

number of Brucella organisms excreted decreases rapidly. Although the infectious material from the 

genital tract usually clears after two to three months, some infected cattle become carriers of 

Brucella and excrete it intermittently for many years. Congenital infection can be seen in calves as 

exposure to Brucella organisms is also likely to occur in utero, or when calves born of healthy dams 

are fed on colostrum or milk from infected dams. Other sources of spread are represented by semen 

from infected bulls or contaminated udder during milking. The organism can also penetrate intact 

skin or mucous membranes. Invading Brucellae usually localize in the lymph nodes draining the 

invasion site, resulting in hyperplasia of lymphoid and reticuloendothelial tissue, and infiltration of 
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inflammatory cells. Survival of the first-line of defence by the bacteria, results in a local infection 

and the escape of brucellae from the lymph nodes into the blood. During the bacteraemic phase 

(which may last two to eight weeks) the bones, joints, eyes and brain can be infected, but the 

bacteria are most frequently isolated from supramammary lymph nodes, mammary lymph nodes, 

milk, iliac lymph nodes, spleen and uterus. The tropism towards the male or female reproductive 

tract was thought to be by erythritol, which stimulates the growth of the organism, but Brucella has 

also been found in the reproductive tract of animals with no detectable levels of erythritol. 

Proliferation of Brucella in the uterus induces necrosis and destruction of the foetal and maternal 

placental membranes resulting in death and then expulsion of the foetus. Excretion of Brucella after 

parturition may re-occur after any consecutive normal parturition. Infected cattle excrete Brucellae 

in the colostrum or milk although it cannot always be detected. Humans usually acquire brucellosis 

by consumption of raw milk or milk products, but it is also an occupational hazard for farmers, 

veterinarians and workers in the meat industry within areas with enzootic B. abortus. Farmers and 

workers in the meat industry may contract brucellosis by percutaneous, conjunctival or by nasal 

mucous membrane infection. Veterinarians may become infected when handling aborted foetuses or 

apparently healthy calves and by performing gynaecological and obstetric manipulations or rectal 

examination of infected cattle. There are definite host preferences: Brucella abortus mainly infects 

cattle and is the main cause of contagious abortion in cattle; however, sheep, goats, dogs, camels, 

buffaloes as well as feral animals may also contract B. abortus infections. Although sheep do not 

easily become infected with B. abortus they may become carriers and excrete Brucellae for up to 40 

months once they have acquired the infection. The low prevalence of naturally acquired B. abortus 

infections reported in goats makes this animal species irrelevant as a host for B. abortus. Swine, 

horses and camels may acquire infection, however, their significance as a host for B. abortus is 

doubtful while dogs with naturally acquired B. abortus infections play an important role in the 

epidemiology of cattle and buffaloes brucellosis. B. melitensis has also been isolated from the 

genital tract of female buffaloes (Adlakha and Sharma, 1992). Although B. abortus is relatively 

resistant and may survive for a considerable time, the environment is not considered to be an 

important source of infection. Moreover, while indirect exposure to Brucella organisms could be 

mediated by wildlife, birds and waterways (contaminated with urine, uterine discharge from 

aborting cattle) it seems that only dogs carry pieces of placenta or aborted foetuses from one place 

to another causing direct exposure. Also feral animals such as buffalo, swine, deer, fox, hare and 

rodents are susceptible to Brucellae. Flies, arthropods and other parasites may be susceptible to 

Brucella infection. The disease is prevalent in buffaloes throughout the world. The seroprevalence 
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is twice as high in mature buffaloes (over three years) as infection occurs in animals of all ages but 

persists only in sexually mature animals.  

Several serological tests are used to detect brucellosis in body fluids such as serum, uterine 

discharge, vaginal mucus, milk, or semen plasma: serum agglutination test (SAT), Rose Bengal 

(RB) plate test, complement fixation test (CFT), anti-globulin (Coombs) test, 2-mercaptoethanol, 

rivanol and the enzyme-linked immunosorbent assay (ELISA), milk ring test (MRT). The reliability 

of serological tests to detect brucellosis depends on the antibodies present at the time of 

examination, inevitably some infected animals may elude detection. Other tests have been 

developed and tested, for example flow cytometry (D’Apice et al., 1997); Mathias et al. (1998) has 

compared competitive enzyme immunoassay (CEIA) with the complement fixation test (CFT) and 

the Rose Bengal test (RBT) obtaining a sensitivity of 100 percent and a specificity of  98.55 

percent, suggesting that it could be a useful tool for diagnosis of brucellosis in buffaloes. Other 

serological test evaluations (competitive ELISA, indirect ELISA, agglutination) have been 

performed by Molnar et al. (2002). Treatment should be prolonged and with a high dosage of 

antibiotics, with risks for the human food chain and the possibility of relapses. Efforts are directed 

at prevention or eradication of brucellosis. Suspect herds must be tested at regular intervals until all 

the animals test negative. Animals that test positive should be removed from the herd. In areas with 

endemic brucellosis only vaccination will control brucellosis. Vaccination reduces the number of 

infected animals and eventually permits disease control. It does not prevent buffaloes from 

becoming infected with B. abortus, but it prevents abortions protecting 65-75 percent of the herd 

from infection.  

 

Chlamydiosis 

Chlamydiosis is related to reproductive disorders, abortion, respiratory diseases, kerato 

conjunctivitis (Baldi et al., 1997). In the buffalo calf, it has been reported encephalomyelitis 

(Galiero and Sica, 1997)  causing depression, prestomaches atony, suspension of rumination and 

constipation feverless. Further symptoms are: anorexia, sialorrhoea, hard swallowing, pupil 

dilatation and blindness up to nervous symptoms: shaky gait, head stretched on the neck 

(opisthotonos), turning around, paralysis of back limbs, lying down on their back and death even 

after 2 to 3 days. At necropsy only hyperemia of the meninx and necrotic foci on the cerebral 

parenchyma are seen. (Galiero and Sica, 1997).  
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It mainly affects calves three to ten months aged. The disease has a seasonal trend increasing in 

autumn. The morbidity is up to 10 - 15 % and the mortality can reach 100 % (Adlakha and Sharma, 

1992; Galiero and Sica, 1997). Immunosuppression may aggravate the extension and severity of 

lesions (Gupta et al., 1991). The seroprevalence can be high: 13.9 percent in Campania with high 

detected titres (Baldi et al., 1997).  

Diagnosis is based on germ isolation, microscopic lesions, serum conversion. Only laboratory tests 

can differentiate it from a lack of thiamine (vitamin B1) or an excess of sulphur in the ration. 

Chlamydia psittaci is sensitive to tetracycline and oxytetracycline (Fenizia et al., 1991). A 

supportive therapy including cortisone, re-hydration and detoxicants allows a quicker resolution.  

Prophylaxis is actually based on environmental hygiene using 2 percent formaldehyde, calcium 

hypochlorite or caustic soda, and destruction of infected animals carcasses, dung and litter (Galiero 

and Sica, 1997). Chlamydia psittaci resists up to four months in dung and litter, 17 days in surface 

water and 10 days in carcasses.  

 

Ephemeral Fever  

Bovine Ephemeral Fever (BEF) is a viral disease of cattle and buffalo characterised by a sudden 

onset of fever (41
o 

C). The first sign in milking cows is a sudden and severe drop in milk 

production. Buffaloes in advanced stages of pregnancy may sometimes abort, this is probably due to 

the fever, rather than to a specific effect of the virus. Animals stop eating and drinking and become 

depressed, start drooling saliva, and develop a stringy nasal discharge. Affected animals should not 

be drenched or force fed as BEF can impair the swallowing reflex, so this may result in the 

inhalation of food or water and pneumonia. Lameness may not appear prior to the second day of 

illness but may cause the typical posture of laminitis. Muscular areas over the shoulder, back and 

neck regions show swelling. Shivering, stiffness and clonic muscular movements are also manifest 

(Sharma and Kumar, 2003). By day three the affected animal is usually standing again and will 

begin to eat. However, lameness and weakness may last for another two or three days. The disease 

can vary in severity. Some animals may show only slight symptoms for about 24 hours, while a 

small number may be affected for many weeks. Adult buffaloes are those primarily affected while 

those below six months of age are not. The disease is usually milder in calves below 12 months of 

age. Milk production should return nearly to normal after about three weeks, but cows which are 

affected late in lactation, often become dry. Mastitis sometimes develops, with a marked rise in the 

somatic cell count. The rhabdovirus is spread by biting insects, in particular blood sucking flies or 

mosquitoes, such as Culex annulirostris. Biting midges may also play a role in disease spread, and 
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it is possible that some vectors have still not been identified. Climatic conditions influence insects 

distribution and the pattern of disease spread and time of occurrence. In fact most cases occur under 

hot and humid conditions. Mortality is low, although the morbidity rate is considerable, which 

entails enormous economic losses in terms of production and disruption of national and 

international trade. When an outbreak occurs in unvaccinated cattle not previously exposed to the 

virus, a diagnosis of BEF can often be accomplished based on clinical signs and the brevity of the 

illness. Blood analysis evidences leukocytosis, neutrophilia, lymphopenia and increased fibrinogen. 

Laboratory confirmation is possible by agar gel precipitation, complement fixation, ELISA and 

fluorescent antibody tests (Sharma and Kumar, 2003). Medical treatment is often unnecessary for 

non-lactating stock. However, bulls and high-producing cows, in early to peak production, should 

have supportive treatment. It consists in relieving temperature and muscular stiffness with 

paracetamol and phenylbutazone. Broad spectrum antibiotics (streptopenicillin, tetracyclines) 

prevent secondary bacterial complications. Cattle can be vaccinated beginning from six months of 

age and should then be revaccinated to ensure protection.  

 

Foot-and-mouth disease 

The Aphtovirus causes a cloven hoofed animals disease that is highly contagious and may spread 

over huge areas due to movement of infected or contaminated animals, products, objects, and 

people. Cattle and buffaloes are mainly infected by inhalation due to aerosol transmission, often 

from pigs, which excrete large amounts of virus by respiratory aerosols and are considered highly 

significant in the diffusion of the disease. It also spreads through ingestion or direct contact. Large 

amounts of virus are excreted by infected buffaloes and cattle before clinical signs are evident, and 

winds may spread the virus over long distances. During the acute stage of infection, the disease has 

been transmitted from cattle to buffalo and vice versa (Gomes et al., 1997); occasionally buffaloes 

remain unaffected although in direct contact with cattle. People can be infected through skin 

wounds or the oral mucosa by handling diseased stock, the virus in laboratories, or by drinking 

infected milk. The human infection is temporary and mild, so Foot-and-mouth disease (FMD) is not 

considered a public health problem, but, due to the range of species affected, the high rate of 

infectivity, and the fact that the virus is shed before clinical signs occur, it is one of the most feared 

reportable disease. Clinical signs in cattle are salivation, depression, anorexia and lameness caused 

by the presence of painful vesicles in lips, tongue, gums, nostrils, coronary bands, interdigital 

spaces and teats. Fever and decreased milk production usually precede the appearance of vesicles. 
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Vesicle rupture leaves large denuded areas which are then liable to infection. In buffaloes, minor 

tongue lesions were evidenced compared to cattle and initial scaly foot lesions eventually becoming 

vesicular (Gomes et al., 1997). Milk production can be affected by up to 30 percent in buffaloes. 

All age groups are affected but in suckling buffalo calves the disease may result more severe and a 

high mortality rate may sometimes ensue (Sharma and Kumar, 2003). Post mortem lesions are 

characterized by vesicular eruptions and erosions. In calves there can be hyaline degeneration of the 

myocardium (tiger heart). The incubation period is 2 to 21 days (average three to eight). The rate of 

infection (morbidity) can reach 100 percent, however mortality can range from 5 percent (adults) to 

75 percent (suckling pigs and sheep). It may rise up to 20 to 25 percent in buffaloes. The 

susceptibility of buffaloes to FMD has shown to vary according to the country and the various 

strains of virus. The virus occurs in seven main serotypes: O, A, C, SAT 1, SAT 2, SAT 3 and Asia 

1. Hajela and Sharma (1978) reported that Asia 1 is more severe in buffaloes than in cattle.  

Recovered cattle and buffaloes may be carriers for 18 to 24 months, sheep for one to two months, 

while pigs are not carriers. Vaccinated buffaloes may also be carriers whenever exposed to 

infection. (FMD) lesions should be disinfected and treated with emollients; the administration of 

antibiotics could prevent secondary bacterial infections. Sometimes non-specific 

immunomodulators proved useful (Sharma and Kumar, 2003).  

An outbreak of FMD involves very high costs due to lost production, which includes milk and 

draught power, loss of export markets, and loss of animals during the eradication of the disease. The 

significance of many other reportable diseases is due to their similarity to FMD and the importance 

of differentiating between them at the first indication of an unusual disease outbreak. 

The suspect deriving from clinical findings can be confirmed by foot and mouth virus isolation in 

cell culture and laboratory animals. Serological methods consist of complement fixation (CFT), 

plaque reduction assay, virus neutralization, radial immunodiffusion, virus infection associated 

antigen test and ELISA. The FMD viral genome can be detected through the PCR technique. 

Methods of immunization have been studied taking into account the antigenic diversity among 

serotypes. In countries which are free from FMD, the presence or possible incursion of the virus is 

not tolerated, so 'Stamping Out' is applied when outbreaks occur. Control of the movement of 

animals, import controls, removal of the source of infection (slaughter of all infected and in-contact 

stock), and epidemiological investigations are essential elements in the eradication of FMD. 

 

Haemorrhagic septicaemia  

Haemorrhagic septicaemia (HS), also known as shipping fever, is an acute febrile disease and one 

of the main cause of mortality in the buffalo species. It is principally a disease of animals under 
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stress. In endemic areas about 2 percent of healthy cattle and buffalo carry Pasteurella multocida in 

the lymphatic tissue of the upper respiratory tract. Intermittently, even in the presence of circulating 

antibodies, the organisms invade the nasopharynx and are excreted in nasal secretions. These 

episodes may be triggered by stress. Two serotypes (B2 and E2) are involved. In buffaloes it is 

mainly caused by type B2 (Sharma and Kumar, 2003). Carriers are the source of microorganism 

and can include, apart from cattle and buffalo, pigs, sheep, goats and horses. The nasopharynx is the 

main route of entry by aerosol; vectors are not considered significant but indirect transmission is 

possible as in favourable surroundings the coccobacillus can survive as long as one week. Most 

cases are acute or peracute, showing: high fever (42°C), depression, reluctance to move, salivation 

and nasal discharge, painful, oedematous swelling of the throat, extending to the brisket, congested 

mucous membranes, respiratory distress; calves may have haemorrhagic gastro-enteritis. Death 

occurs in 6 to 48 hours after onset of clinical signs. Recovery is rare. The mortality is high in 

younger animals. Hot humid conditions favour the spread of the disease. Lesions are mainly 

represented by oedematous swellings of the throat, brisket containing a clear, straw-coloured serous 

fluid, blood-tinged fluid in body cavities, swollen and congested pharyngeal and cervical lymph 

nodes, subserosal petechial haemorrhages, generalized congestion of the lungs, variable congestion 

of the abomasum and intestinal tract (calves may have haemorrhagic gastro-enteritis). In the case of 

a quick death the findings could be minimal. The organisms disappear from dead animals after 

some time. Smears should therefore be done immediately after death. In any case they sometimes 

reveal to be negative in buffaloes, requiring cultural and biological tests. Prompt veterinary care is 

effective and helpful but treatment is meaningful only in the preliminary stage. Early cases can be 

treated with sulphonamides coupled with antibiotics like oxytetracycline (Adlakha and Sharma, 

1992). Florfenicol combined with NSAID gave best therapeutic results on buffalo calves (Shoaib et 

al., 2009). The diagnosis, based on Pasteurella multocida isolation from heparinized blood or 

affected tissues, requires aseptical sampling and cooling. A differential diagnosis is necessary for 

blackleg, rinderpest and anthrax. Conventional and molecular methods (specific PCR) are applied in 

parallel for rapid epidemiological investigations (Shivachandra et al., 2011). In free areas, 

restriction of imports of live animals from endemically infected countries would keep the risk of 

introduction at a low level, as the micoorganism hardly survives outside the host, but it would not 

exclude it completely; in fact healthy animals are liable to carry the organism. Preventative 

vaccination is usually undertaken annually. 

 

Infectious bovine rhinotracheitis/infectious pustular vulvovaginitis  
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The Infectious Bovine Rhinotracheitis/Infectious Pustular Vulvovaginitis (IBR/IPV), sometimes is 

called Red Nose. Susceptible species are domestic and wild bovines; under experimental conditions 

goats, sheep and pigs have also demonstrated infection. The severity of symptoms very much 

depends on the strain of the virus and the susceptibility of the cattle. In the respiratory form the 

symptoms include: fever (up to 42°C), general depression, drop in milk production, anorexia and 

emaciation, severe hyperaemia of the nasal mucosa (Red nose) with numerous clusters of greyish 

foci of necrosis on the mucous membranes, abundant serous discharge from nose and eyes, 

conjunctivitis, hyper salivation, tachypnea and tachycardia, sometimes mastitis, short explosive 

cough and, rarely, death due to obstructive bronchiolitis or bronchopneumonia from secondary 

bacterial infection. An abortion form can complicate the respiratory form with late abortion 

(between the fifth and eighth month of pregnancy) and placenta retention. It can be the only 

manifestation. In the genital form of the disease, the disease lasts for two to three weeks and 

symptoms include: moderate fever, hyperaemia of genital mucosa with vesicles of one to two mm., 

white discharge of the vulva, pollakiuria, and reduction in milk yield. Males exhibit a 

balanoposthitis. In the young calf, less than six months old, the disease is more severe: 

meningoencephalitis, blindness, and a high mortality rate. Some calves may develop diarrhoea. 

There is no specific treatment. Broad spectrum antibiotics can prevent bronchopneumonia from 

secondary bacterial infection. Pathological manifestations have been observed mainly in bovines, 

while the pathogen role in buffaloes is less clear and could be predominantly sub-clinical. The 

buffalo population is exposed to the species-specific Bubaline Herpesvirus 1 (BuHV1) and to the 

Bovine Herpesvirus 1 (BoHV1), equally spread at population and herd level and not associated to 

mixed herds (Scicluna et al., 2007). Like the homologous human herpes viruses, BHV-1 is 

characterised by a latent infection in neuronal cells of the trigeminal and sacral ganglia. The latent 

infection allows the virus to persist in the infected hosts for indefinite periods. Reactivation may 

occur either spontaneously or induced by natural or artificial immunosuppressive stimuli 

(parturition, transport, dexamethasone). It leads to virus replication and re-excretion with its spread 

in the environment. Transmission occurs through aerosols, direct and indirect (over short periods 

of time) contact and venereal viae (also artificial insemination), since large quantities of virus are 

shed in respiratory, ocular and reproductive secretions (amniotic liquid, placenta, foetus and semen) 

of the infected animals, for ten to fourteen days after infection, even if asymptomatic. During latent 

infections shedding is not so abundant and long lasting as during the acute phases. Transmission is 

also possible due to milking machine cups (Sunil-Chandra, 2000). The incubation period ranges 

from two to twenty days. Lesions are usually restricted to the upper respiratory tract and include: 

swelling and congestion of mucosa, sometimes with necrotic foci, petechiae, profuse and 
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fibrinopurulent exudate in severe cases. Differential diagnosis for the respiratory form: enzootic 

bronchopneumonia, Bovine Virus Diarrhoea/Mucosal Disease, gangrenous coryza, rinderpest, 

theileriosis; for the abortion form: Bovine Virus Diarrhoea/Mucosal Disease, brucellosis, listeriosis, 

leptospirosis, coxiellosis. The virus can be isolated from blood on EDTA, nasal, pharyngeal, 

conjunctival swabs, aborted foetus, placenta, vaginal swab, prepuce washing fluid and semen. 

Techniques include neutralization or antigen detection methods using monospecific antisera or 

monoclonal antibodies; PCR is also used for detection on semen. Samples should be stored in a 

transport medium (cell culture medium containing antibiotics and two to ten percent foetal bovine 

serum to protect the virus from inactivation), cooled at 4°C, and rapidly submitted to the laboratory. 

Serum can be submitted for virus neutralization test and ELISA. The ELISA test allows the 

detection of antibodies in milk. A delayed cutaneous hypersensitivity test has also been proposed 

for diagnosis. IBR/IPV is most likely to be introduced by importation of infected animals and 

semen. Once introduced IBR/IPV is difficult and expensive to eradicate especially due to the fact 

that when the disease is established, animals tend to become unapparent carriers. Systematic testing 

and elimination of positives has been successful in some countries such as Denmark and 

Switzerland (Ackermann et al., 1990). Different types of inactivated vaccines are available but free 

countries restrict their use. 

 

Leptospirosis 

Leptospirosis is an important and relatively common disease of domestic and wild animals and 

humans. It is also considered one of the most important pathologies concerning buffaloes for public 

health reasons. In fact it is a zoonosis and also represents an occupational hazard for farmers, 

veterinarians and butchers. Human infection may occur by contamination with infected urine. The 

bacteria may also be found in milk in acute cases, however, it does not survive for an extended 

period of time in milk. Pasteurization will also kill leptospiras. Animals contract the disease by 

eating and drinking leptospira-contaminated urine and water, or by direct contact of broken skin or 

mucous membranes with mud, vegetation or aborted foetuses of infected or carrier animals. 

Recovered animals and animals with unapparent (subclinical) leptospirosis frequently excrete 

billions of leptospiras in their urine for several months or years. The wallowing habit of buffaloes 

makes them prone to leptospiral infections since water sources are often contaminated by rodents 

and wildlife, that are natural carriers of the organism. Buffaloes are important carriers and shedders 

especially in rice-growing countries. Leptospiras can survive for months in moist and humid 

environments, particularly in swamps, ponds and streams or poorly drained pastures. The disease is 
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manifested by interstitial nephritis, anaemia, mastitis and abortion in most species. The symptoms 

in the acute and subacute forms are: transient fever, loss of appetite, mastitis; lactating cows may 

stop milking and milk may be yellow, clotted and frequently blood stained. If animals are severely 

affected there could be jaundice and anaemia, pneumonia, abortion and frequent placenta retention. 

In young calves the severe illness may be associated with yellowish discoloration of mucous 

membranes and reddish-brown urine before death. The most indicative symptoms are represented 

by haemorrhages of mucosa, haemoglobinuria and icterus. In the chronic form there are mild 

clinical signs and only abortion may be observed. If meningitis occurs, the animal may show lack of 

coordination, salivation and muscular rigidity. Antibiotic therapy can be performed with 

Streptomycin, chlortetracycline or oxytetracycline. Dihydrostreptomycin has been reported to be 

effective for termination of the carrier or shedder state. The therapy should be given early, before 

kidney or liver damage occurs. A supportive therapy for an early recovery should consist of liver 

tonics and haematinics (Sharma and Kumar, 2003). Lesions are commonly: anaemia and jaundice, 

subserosal and submucosal haemorrhage, ulcers and haemorrhages in the abomasal mucosa, rarely 

pulmonary edema or emphysema, interstitial nephritis and septicaemia. Direct microscopic 

examination can be performed on body fluids. Other diagnostic methods are bacteriological culture, 

biologic test (animal inoculation) and serological tests. 

Acute and subacute forms are to be differentiated from babesiosis, anaplasmosis, rape and kale 

poisoning, bacillary haemoglobinuria, post parturient haemoglobinuria and acute haemolytic 

anaemia in calves. Livestock herds can be protected against leptospirosis by a combination of 

proper management and vaccination procedures. Prevention and control is substantially based on 

periodic testing in endemic areas, elimination or treatment of carrier and clinically infected animals, 

hygienic measures, and vaccination of susceptible animals.  

 

Malignant catarrhal fever 

Also known as malignant head catarrh, malignant catarrhal fever (MCF) is a generalized viral disease 

caused by a herpes virus of the subfamily Gamma herpesvirinae. Clinical signs in domestic cattle, 

buffaloes and wild ruminants are characterized by high fever, profuse nasal discharge (Fig. 7), 

corneal opacity, ophthalmia, generalized lymphadenopathy, leukopenia, and severe inflammation of 

the conjunctival, oral, and nasal mucosas with necrosis in the oral and nasal cavities sometimes 

extending into the esophagus and trachea. Occasionally central nervous system (CNS) signs, 

diarrhoea, skin lesions, and non-suppurative arthritis are observed. In buffaloes the disease is seen 
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in head and eye or intestinal forms (Sharma and Kumar, 2003). Supportive treatment can be based 

on broad-spectrum antibiotics, fluid therapy and non steroid anti-inflammatory drugs to relieve 

discomfort. Gross lesions vary considerably, depending on the form or severity and course of the 

disease. Animals that die with peracute disease may have few lesions other than a haemorrhagic 

enterocolitis. In the more protracted acute to subacute disease the carcass may be normal, 

dehydrated, or emaciated. The muzzle is often encrusted and raw. Cutaneous lesions sometimes 

occur as a generalized exanthema. Enlarged lymph nodes are characteristic findings in MCF. 

Affected nodes are grossly enlarged and edematous and sometimes have patchy reddened or beige-

brown areas on cut surfaces. The spleen is slightly enlarged, and Malpighian corpuscles are 

prominent. Pale areas may be seen in the heart muscle, associated to serofibrinous epicarditis and 

myocarditis (Hoffmann et al., 1984). Lesions in the respiratory system range from mild to severe: 

from a slight serous nasal discharge and hyperemia of the nasal mucosa to copious and 

mucopurulent discharge accompanied by intense nasal mucosal hyperemia, edema, and small focal 

erosions. Occasionally a croupous pseudomembrane formation is seen.  

 

 

Fig. 7-Nasal discharge and salivation  (Zottola photo, 2005) 

 

The pharyngeal and laryngeal mucosas are hyperemic and edematous and later develop multiple 

erosions, often covered with grey-yellow pseudomembranes. Inflammation and sometimes 

petechiation and ulceration are seen in the tracheobronchial mucosa. The lungs are often edematous 

and sometimes emphysematous but in some cases may appear normal. A bronchopneumonia may 

complicate chronic cases. The alimentary tract mucosa may have no gross lesion in peracute cases. 

When the course of the disease is protracted, the alimentary lesions become more severe and 

include mild to severe mucosal inflammation (hyperemia and edema), erosions, and ulcerations, 

especially on the dental pad and gingival surfaces, the palate, tongue, and buccal papillae. Mucosal 
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inflammation, haemorrhage, and erosions may also be found in the rest of the digestive tract 

including the esophagus, rumen, omasum, abomasum, small intestines, colon, and rectum. 

Petechiation may be seen. Faeces are usually scant, dry, pasty, or blood stained. Urinary tract 

lesions include hyperemia and sometimes marked distention and prominence of bladder mucosal 

vessels and mucosal edema. Kidneys may appear normal or mottled with patches of beige, 

discoloured raised areas. Petechiae or ecchymoses may occur in the renal pelvis and ureters. The 

liver is usually slightly enlarged, and, upon close examination, has a prominent reticular pattern. 

There may be hemorrhages and erosions in the gall bladder mucosa. Fibrinous polyarthritis is seen 

in many cases of MCF. 

The virus can be carried as a latent infection by African antelope of the family Bovidae, subfamily 

Alcelaphinae which includes wildebeest (Connochaetes sp.), hartebeest (Alcelaphus sp.), and topi 

(Damaliscus sp.), that are considered carriers of the alcelaphine MCF virus. There is serologic 

evidence that several other African wild ruminants, such as various species of oryx and addax, may 

also be reservoir hosts, although the MCF virus has not been isolated from these species. Domestic 

and wild sheep and goats are also considered reservoir hosts for the MCF virus. Sheep-associated 

MCF occurs worldwide. In cattle the alcelaphine antelope-associated form chiefly occurs in Africa 

mbut it has been observed in zoos and wild animal parks that keep wildebeest. There is increasing 

serologic evidence that cattle may develop low levels of neutralizing antibodies following exposure 

to MCF, especially of sheep or goat origin, without manifesting the clinical disease. There is 

evidence that stress or some other immunosuppressive factors may be necessary as a precursor of 

clinical MCF. Transmission may occur by inhalation of cell-free virus in infectious aerosol droplets, 

ingestion of food or water contaminated with infectious secretions or faeces, or possibly 

mechanically by arthropods. For the sheep-associated MCF relatively close contact between cattle 

and sheep, especially lambing ewes, is believed necessary. MCF affected cattle appear to shed only 

cell-associated virus, and thus cattle-to-cattle transmission is thought to be rare or nonexistent, 

although there are documented instances where this has occurred. There is no evidence that MCF is 

infectious for humans. Many exotic ruminant species in zoos have been reported affected with 

MCF, including several wild bovines such as bison, water buffalo, gaur and banteng, and several 

deer (including white-tailed deer) and antelope species. MCF affects all ages, breeds, and sexes; 

buffaloes are more susceptible than cattle with a morbidity ranging from 20 to 50 percent; 

the disease is particularly common in the late winter/spring months (Sharma and Kumar, 2003). The 

prognosis in MCF is poor. Once clinical signs are observed, mortality is usually greater than 95 

percent (90-100 percent). The incubation period in natural cases is not known, but epidemiologic 

evidence indicates it may be as long as 200 days. Experimentally, the incubation period varied from 
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9 to 77 days. Presumptive diagnosis of MCF can be based on clinical history and gross necropsy 

lesions. Laboratory diagnosis can support the field diagnosis in case of extensive fibrinoid 

necrotizing vasculitis, perivasculitis, and lymphoreticular proliferation in lymphoid organs with 

mononuclear infiltrations in the kidney, liver, adrenals, CNS, etc., that are pathognomonic for MCF. 

The disease should be distinguished from BVD mucosal disease, bluetongue, rinderpest, vesicular 

diseases (FMD, vesicular stomatitis (VS)), infectious bovine rhinotracheitis, haemorrhagic 

septicemia, ingested caustics and some poisonous plants and mycotoxins. Virologic and serologic 

examinations consist in virus isolation in calf thyroid tissue culture, identification of viral isolates, 

demonstration of the appearance or rising titers of MCF antibodies and molecular techniques 

(PCR). The control of the disease is possible by separating cattle and buffaloes from potential 

reservoir hosts especially during delivery seasons. A negative PCR test of wild ruminants before 

being placed in, or transferred between, zoos is recommended as a means to prevent the 

introduction of potential carriers of the MCF virus.  

 

Paratuberculosis 

Paratuberculosis, also called Johne’s disease, is a serious bacterial disease of ruminants caused by 

Mycobacterium avium subspecies paratuberculosis, developing as chronic granulomatous enteritis 

and clinically manifested by emaciation and diarrhoea (Chiodini et al., 1984). Cattle become 

infected at an early age and clinical signs develop after a long incubation period lasting years. In 

affected herds, most animals are clinically healthy and only occasionally the causative agent is 

demonstrable in faecal samples (Whitlock et al., 2000). Cattle typically presents syndromes of 

chronic and progressive emaciation and persistent diarrhoea. The faeces are usually green and 

bubbly and do not contain blood or mucus. Faecal consistence may improve over short periods and 

then diarrhoea may return with increased severity. Affected animals are bright and alert and eat well 

throughout the course of the disease but in advanced cases, submandibular oedema may be 

observed. On rectal examination the mucosa may feel thickened or corrugated. The age of onset of 

clinical signs can be quite variable. In most cases, clinical signs do not appear until animals are 

more than three or four years of age, but in some herds the onset of disease has been seen in two 

years old animals. M. paratuberculosis is naturally resistant to many commonly used antimicrobial 

drugs. Information about the susceptibility of M. paratuberculosis to antimicrobial drugs is 

minimal. This is largely due to the fact that treatment of animals with Johne's disease is considered 

to be too costly. The chances of curing the animal are low, the cost of the drugs is high and the meat 

and milk derived from animals treated with the kind of potent drugs required are not suitable for 
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human consumption. In a trial on bovine calves, rifampicin, streptomycin and pyrazinamide used 

for a period of seven months proved successful (Arrigoni et al., 1995). Although animals with 

advanced Johne’s disease may have bacteraemia, the only specific lesions are found in the intestine 

and associated lymph nodes. Early in the course of M. paratuberculosis infection, gross lesions may 

not be evident but, in clinical cases, the mesentheric lymph nodes are enlarged, pale and 

oedematous. In all host species, specific intestinal lesions are usually more developed in the lower 

jejunum and ileum. The ileocaecal valve may be enlarged, but the presence of specific lesions in the 

valve and immediately adjacent tissues is not constant. The classical intestinal lesion is diffuse 

thickening of the intestinal mucosa with development of transverse folds or corrugations. The crests 

of the rugae may be congested and the mucosal surface is velvety. Necrosis rarely occurs in cattle, 

and unlike sheep and goats, there is no calcification or caseation. Johne’s disease affects livestock 

welfare and productivity by way of direct effects on growth and production and indirectly through 

restrictions on trade. The most important source of infection is faeces from animals with M. 

paratuberculosis infection. Early in the disease, shedding in faeces may be intermittent. The 

number of organisms in faeces increases as the disease progresses and may increase when infected 

animals are subject to stress. Most animals become infected by ingesting the organism in 

contaminated feed or water. Cattle are usually infected as young calves and develop resistance to 

infection with age. The survival of M. paratuberculosis in the environment is favoured by low 

temperatures, moisture and protection from solar radiation. Some animals may become infected in 

utero and the chance of this occurring increases as the disease progresses in the dam.  

Diagnostic test results should be interpreted in the light of epidemiological, clinical and 

pathological findings. The tests comprehend histopathological techniques (Ziehl-Neelsen staining 

method), bacteriological method (Herrold’egg yolk agar), DNA detection (PCR), Interferon test, 

AGID (agarose immunodiffusion test), and ELISA. Vaccination against Mycobacterium 

paratuberculosis reduces the average economic loss and, therefore, could be profitable.  

 

Fascioliasis 

Fascioliasis is a common disease of domestic ruminants with worldwide distribution. Infection is 

caused by Trematoda of genus Fasciola. It causes reduction in milk yield, meat production and high 

mortality in all ages of animals with remarkable economic losses. 

Two highly infective species are identified: Fasciola hepatica and F. gigantica. F. hepatica survives 

in a variety of climatic conditions but tipically occurs in temperate regions, but Oceania; while F. 

gigantica is generally dominant in tropical area of many world countries (Urquhart, 1998). Infection 

is most prevalent in regions with intensive sheep, cattle and buffalo production (WHO, 2007). 
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Fasciola sp. develops in the molluscan intermediate host of the Limnaidae family (Souslby, 1982).  

These flukes mainly attack the liver, were they reside and graze on mucosa of the bile duct and 

hepatic parenchyma resulting in a massive tissue damage (Shaikh et al., 2005). The direct losses 

caused by liver parasites are attributed to acute illness and death, premature slaughter and rejection 

of some parts at meat inspection. 

In buffalo, fascioliasis appears as a chronic infection, watery  diarrhea, weakness, weight loss, 

decreased milk yield, reduced product quality, mortality and other secondary infections. 

The diagnosis relies upon eggs detection in fecal samples by McMaster egg counting tecnique  on 

the basis of morphology (Urquhart, 1998). Serological test includes agar gel precipitation test 

(AGPT), indirect haemoagglutination (IHA) and ELISA (Swarup et al., 1987). Finall, nowadays, 

biotechnologies (PCR) allow a different and safer approach.  

The control of fascioliasis can be performed by reducing the number of intermediate hosts and 

administering drugs. The common anthelmintic drugs rafoxanide, oxiclozanide, nitroxinil, closantel, 

clorsulon, albendazole represent a pharmacological treatment.  

 

Buffalo pox 

The pox skin lesions are mainly on the teats, udder and thighs and manifest the typical stages and 

heal in three to four weeks. It can be observed in both a localised and generalised form. The disease 

is usually present in an endemic form. Morbidity can be as high as 70 percent but the mortality rate 

is known to be low. About 50 percent of affected animals show mild to severe mastitis. Signs of the 

disease are represented by fever, anorexia, dullness, depression and congestion of conjunctivae 

(Adlakha and Sharma, 1992). No specific treatment is applicable. Antibiotics can control secondary 

bacterial contamination.  

The presence of lesions on the udder and teat could lead to suspicion (Fig. 8,9). Isolation can be 

performed on chick embryo or cell culture. Confirmation is performed by precipitation, complement 

fixation, neutralization tests and ELISA. Orthopoxvirus only affects buffaloes. Rabbits and infant 

mice can be experimentally infected. The infection has been reported in man, among persons 

handling affected animals. 

The control of the disease is based on strict hygienic measures since no suitable vaccine is available 

(Sharma and Kumar, 2003). 
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Fig. 8-Lumpy skin disease (Zottola photo, 2006)         Fig. 9-Pox lesions in Lumpy skin disease (Zottola photo, 2006) 

 

 

Pediculosis 

Pediculosis, also known as lice, is a disease caused by an harmful arthropod ectoparasite such as  

Haematopinis tuberculatus. This has been reported on water buffalo in Asia, Africa, Australia and 

South America (Melany and Kim, 1974; Monuz Cobenas et al., 1987). In Europe it has been 

reported in Macedonia (Piotrowsky, 1974), recently in England (McFarland and Coles, 2002) and in 

Italy (Veneziano et al., 2003; Veneziano et al., 2007). 

Louse infestation often leads to skin irritation (Fig. 10), anemia, anorexia, restlessness and reduced 

productivity in terms of milk and mest production (Butler, 1985; Veneziano et al., 2003). 

Diagnosis is based on the presence of adults parasites and eggs as nits on some skinny areas of the 

body such as head, neck, dewlap, shoulders, back and tail (Cringoli, 2011). 

Most control practices involve the use of insecticides or acaricides, but in some instances it may be 

necessary to replace chemical applications with accurate management and environmental 

manipulations. Recently  the efficacy of eprinomectin and moxidectin in lactating water buffaloes 

has been demonstrated (Dupuy et al., 2008). 

       

Fig. 10-Pediculosis   (Zottola photo, 2007)                                 Fig. 11- Fungal disease (Zottola photo, 2007) 
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Mange  

Mange is a serious skin disease caused by mites of genus Sarcoptes and Psoroptes.  

Very common in Swamp buffaloes, it has also been described in water buffalo in South East Asia 

(India and Thailand), Egypt (FAO, 1977),  USA and Canada, Northern Europe (Urquarth, 1998) 

and Italy (Veneziano et al., 2005; Cringoli et al., 2009). Early lesions are usually observed where 

the skin is thin as neck and tail. Psoroptic mange mainly affects the shoulder region and the root of 

the tail (Kassem and Soliman, 1966). Hair falls out and the skin becomes folding and scaly. Later, 

wrinkled crusts are formed containing numerous sarcoptic mites in their immature stages. In the 

beginning, small papules are formed which may turn into scabs. The affected animals try to relive 

itching by rubbing the lesions against various solid objects. As far as other kinds of sarcoptic mange 

are concerned, itching is very intense and the economic consequences are weight loss, reduced 

labour, milk and meat production capacities as well as the quality of the leather. In general, little 

effect is noticed regarding health status. Progressive emaciation, restlesseness, weakness and even 

death can be observed in heavy infestations.  

Clinical symptoms may be indicative. In order to confirm a diagnosis, it should be considered that 

sarcoptic mange is highly contagious and individual cases are extremely rare in a herd. A skin 

scraping is usually performed and the parasites are detected by microscopic examination (Cringoli, 

2011). Prophylaxis and therapy is based on use of insecticides or acaricides for topical use as 

dieldrin, triclorphon, lindane, chlorpyriphos, diazinon, malathion, carbaryl, amitraz and pyrethroids, 

whereas  for systemic use, avermectins and milbemycin (Cringoli, 2011). 

Rabies 

The Rhabdovirus (genus Lyssavirus) responsible for the disease is a truly neurotropic virus that 

causes lesions only in nervous tissues. As in cattle, the disease may present a paralytic (drooling of 

saliva, eructation, grinding of teeth, tail movement, anorexia, stiffness of hind limbs, paralysis and 

recumbency, death in two to three days) or furious form (alert state, hypersensitivity, 

sexual excitement, inability to swallow, ramming of head on fixed objects, loud bellowing, collapse 

and death) (Adlakha and Sharma, 1992).  

The source of infection is always represented by infected animals and it spreads mostly by saliva 

through contamination of wounds or bites or ingestion. Wounds should be irrigated with a soap 

solution and water. Post exposure vaccination can be performed. Suspected animals should be kept 

under close observation avoiding euthanasia. The excretion in milk is low and does not cause the 

disease. Reports of this disease in buffaloes are not very numerous since they defend themselves 
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well from rabid animals and no cases of rabies have been reported due to transmission by bats as is 

the case in cattle. However mortality in buffaloes is 100 percent. The incubation period is almost 

three weeks. Diagnosis can be based on clinical symptoms. For confirmation: negri bodies 

evidenced by brain microscopic examination, impression smears from brain tested by FAT, CFT 

and ELISA, direct immunofluorescence test and PCR. The biologic test on mice is also important. 

Destruction of wild fauna around animal holdings and vaccination of cats and dogs are important. 

Vaccines from chick embryo origin and tissue culture origin can be used (Sharma and Kumar, 

2003). 

 

Rinderpest 

 

The disease, caused by an RNA virus, belonging to the Paramyxoviridae family, Morbillivirus 

genus, is characterized by a high morbidity rate. Clinically it is characterised by a febrile period 

(40-42°C) with depression, anorexia, reduction of rumination, rough hair coat, and an increase in 

the respiratory and cardiac rate. After two to three days a mucous membrane congestion (oral, nasal, 

ocular and genital tract mucosae), intense mucopurulent lacrimation and abundant salivation, 

anorexia, necrosis and erosion of the oral mucosae can be witnessed. Gastrointestinal signs appear 

as the fever drops, with profuse haemorrhagic diarrhoea containing mucus and necrotic debris. 

Severe tenesmus. Dehydration, abdominal pain, abdominal respiration, weakness, recumbency and 

subnormal temperature occur a few hours prior to death, which transpires within 7 to 12 days. The 

mortality rate is high with virulent strains and variable with mild strains. The subacute form is 

characterized by only one or more of the classic signs and the clinical signs may regress by day 10 

and recovery occurs by day 20 to 25. In the peracute form (highly susceptible young and newborn 

animals) no prodromal signs or high fever (>40-42°C) are observed; sometimes the mucous 

membranes are congested, and death ensues. Finally the atypical form is characterized by irregular 

pyrexia, and mild or absence of diarrhoea, cutaneous eruptions on the perineum, around the udder, 

scrotum and between legs, abortions and neurologic signs. The lymphotropic nature of the 

rinderpest virus favours recrudescence of latent infections and/or increased susceptibility to other 

infectious agents. Transmission is due to direct or close indirect contacts through tears, nasal 

secretions, saliva, urine and faeces, vaginal exudes and milk. Blood and all tissues are infectious 

before the appearance of clinical signs and excretion is usually limited to two to three weeks after 

infection. The primary site of invasion is the epithelium of the upper or lower respiratory tract. The 

incubation period is 3 to 7 days in buffaloes, but this may vary due to the differences in innate 
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resistance (Adlakha and Sharma, 1992). There is no specific treatment. When diarrhoea is present, 

lost fluids should be replaced by saline or lactated Ringer’s solution. Lesions are represented by 

either areas of necrosis and erosions, or congestion and haemorrhage in the mouth, intestines and 

upper respiratory tracts; enlarged and oedematous lymph nodes; white necrotic foci in Peyer's 

patches; ‘zebra striping’ in the large intestine; carcass emaciation and dehydration. Laboratory 

diagnosis involves identification of the agent by antigen detection (Agar gel immunodiffusion test; 

direct and indirect immunoperoxidase tests; counter immunoelectrophoresis; 

immunohistopathology); virus isolation and identification in VERO or bovine kidney cell cultures; 

virus RNA detection (cDNA probes; PCR); and serological tests (virus neutralization, agar gel 

precipitation test, neutralization of inhibition of haemoagglutination, counterimmunoelectrophoresis 

(CIEP), complement fixation test (CFT), fluorescent antibody test (FAT), ELISA). Using the 

agarose immunodiffusion test (AGID), serum should be taken three to five days following the onset 

of fever (Sharma and Kumar, 2003). Differential diagnosis is necessary for the mucosal virus 

disease complex that resembles rinderpest but that has no antigenic relationship to it. 

Hosts are represented by cattle, zebus, water buffaloes, sheep and goats and many species of wild 

animals as the African buffaloes, eland, kudu, wildebeest, various antelopes, bushpigs, warthog, 

giraffes, etc. Buffalo susceptibility is variable. The disease has been eradicated in most parts of the 

world.  

Prevention and control is possible thanks to sanitary prophylaxis, isolation or slaughtering of sick 

and in-contact animals, destruction of cadavers, disinfection, protection of free zones, medical 

prophylaxis. The virus is in fact very fragile and sensitive to common disinfectants, heat treatment 

and drying. Cell-culture attenuated virus vaccines are highly effective. 

 

Tuberculosis 

Tuberculosis is a chronic disease running a course of a few months to years. The disease in swamp 

buffalo is similar to that in cattle with some minor differences (Kanameda et al., 1997). The first 

appreciable sign in buffaloes is a general malaise. In the pulmonary form a low grade fever, loss of 

appetite, emaciation, chronic intermittent cough and associated pneumonia, difficult breathing, 

weakness, dryness of skin and swelling superficial body lymph nodes are observable, especially the 

supramammary one when mammary glands are affected and painlessly enlarged. In these cases 

there are signs of mastitis and the milk becomes watery. The intestinal form is characterized by 

persistent diarrhoea. No treatment is performed since it would be too long and expensive. In 

animals of high genetic value some therapeutic protocols can be suggested: streptomycin and para-

amino salycilic acid; isonicotinic acid and dihydrostreptomycin; isoniazid; streptomycin associated 
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with rifampicin and isoniazid (Sharma and Kumar, 2003). The lesions are indicative: tuberculous 

granuloma in the lymph nodes of the head, lungs, intestine and carcass. These usually have a well-

defined capsule enclosing a caseous mass with a calcified centre. They are usually yellow in colour 

in cattle, white in buffaloes and greyish white in other animals. Active lesions may have a reddened 

periphery and caseous mass in the centre of a lymph node; inactive lesions may be calcified and 

encapsulated. There can be nodules on the pleura and peritoneum, lesions in the lungs, liver, spleen 

and kidney (Fig. 12). The organisms are excreted in the exhaled air and in all secretions and 

excretions (saliva, faeces, milk, urine, vaginal and uterine discharges and open peripheral lymph 

nodes). Mycobacteria invade cattle by respiratory (90-95 percent) and oral routes (5-10 percent). 

For calves infected colostrum/milk is an important source of infection. Other identified sources of 

infection are represented by infected flies and birds (Tariq Javed et al., 2004). When infection has 

occurred, tuberculosis may spread by primary complex (lesion at point of entry and the local lymph 

node) and by dissemination from primary complex. Tuberculosis lesions can be classified as acute 

miliary, nodular lesions and chronic organ tuberculosis. Some risk factors (calving place, calves’ 

group size housing system, possibility of contact with wild animals) influence the development of a 

clinical or non-clinical form (Tariq Javed et al., 2004). The disease occurs in every country of the 

world, sometimes more severe and with higher incidence than in cattle; in other circumstances 

lower compared to cattle and Zebu cattle (Sharma and Kumar, 2003).  

 

Fig. 12-TBC spleen caseous nodules and nodes (Zottola photo, 2010) 

 

It is a significant zoonotic disease as man is susceptible to the bovine type and infected buffaloes 

represent a source of infection for human beings. The incidence of human tuberculosis caused by 

Mycobacterium bovis has markedly dropped with the pasteurization of milk and eradication 

programmes. Cases are generally detected in vivo by an intradermal tuberculin skin test and clinical 

findings and, post-mortem, by lesions. Delayed hypersensitivity reactions can be used as a single 

intradermal test or comparative test with tuberculins of various origin. The diagnosis may be 

confirmed by making a smear of the lesions or excretions; coloured with Ziehl-Neelsen, the 
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bacterium appears as a very small red staining bacillus. Inoculation in laboratory animals, like the 

Guinea pig, can also be used. For a differential diagnosis all these diseases should be considered: 

lung and lymph node abscess, pleurisy, pericarditis, chronic contagious pleuropneumonia, 

actinobacillosis, mycotic and parasitic lesions, tumours, caseous lymphadenitis, Johne's disease, 

adrenal gland tumour and lymphomatosis. In cattle, lesions of tuberculosis caused by the avian type 

are commonly found in the mesenteric lymph nodes. For the in vivo diagnosis, apart from the 

intradermal tuberculin skin test, the indirect hemagglutination test is sensitive for early and 

advanced cases (Sharma and Kumar, 2003). Prophylaxis is based on eradication: prevention of any 

introduction or spread of the disease, removing infected animals by slaughter of any positive 

animal, both clinical and tuberculin. Physical separation for the rearing of offspring. 

 

Trypanosomiasis 

Trypanosoma sp. protozoa are a large family (Mastigophora) with a worldwide distribution. All 

Trypanosoma, are transmitted mechanically by biting flies of genus Glossina (Moloo et al., 1993) 

and epidemiology of infection is influenced by three factors: arthropodes distribution, protozoa 

virulence and host immune response. T. evansi affects a number of domestic animals and the 

principal host species varies according to geographical location. Buffaloes, cattle, camels and 

horses are particularly susceptible, although other animals, including wildlife, can also be infected 

(OIE, 2010).  

In buffaloes the disease is characterized by enlargement of the lymph nodes, bilateral mucous 

discharge from the eyes, emaciation, rough coat, weakness of the hindquarters and recumbency. 

Acute forms can be fatal (Bhatia, 1992). 

In the case of trypanosomiasis, the diagnosis must be confirmed by blood smears examination of 

parasites. However, direct miscroscopy, concentration techniques, microhaematocrit centrifugation 

technique (MHCT) and animal inoculation cannot always detect current infections since 

parasitaemia level fluctuates, particularly during the chronic stages of infection (Nantulya, 1990; 

Holland et al., 2002). Serological tests for the detection of antigens or antibodies have been 

developed such as (ELISA) for T. evansi antigen or antibodies detection, a direct (CATT/T. evansi) 

and an indirect agglutination test (LATEX/T. evansi), the immunofluorescent antibody test (IFAT) 

and the immuno-trypanolysis test (TL) (Katende et al., 1987; Bayana Songa and Hamers, 1988; 

Nantulia et al., 1990; Verloo et al., 2000; Reid and Copeman, 2003). Recently molecular techniques 

are available, (PCR) for the  identification of Trypanosoma strains (Rodríguez et al., 2012). 

In order to control the Trypanosomiasis, two strategies are adopted: fighting the flies and a rational 

use of drugs useful in prophylaxis, as isometamidium chloride (Samorin
®
, RMB Animal Health 
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Ltd, UK) or antrycide methyl sulphate (Bathia, 1992). A further suggestion is the protection of  

animals coming from areas where vectors flies are absent and bound to endemic areas or, through 

genetic selection, the introduction of trypanotolerant breeds in endemic areas with a simultaneous 

use of drugs (Murray et al., 1984; Naessens et al., 2002; Naessens, 2006).  

Therapy is effective with the use of diminazene aceturate (Berenil
®
, Hoechst, Germany), ethidium 

bromide, isometamidium chloride, antrycide methyl sulphate and quinapyramine solphate 

(Borghese, 2005). 

 

Babesiasis 

Babesiasis is a tick-borne disease caused by erythrocytic protozoan parasites of the genus Babesia 

that infect a wide range of domestic and wild animals and occasionally man. It has remarkable 

economic and sanitary effects and it is considered an emerging disease especially in cattle but also 

in domestic buffalo. The disease is known also as bovine babesiosis, piroplasmosis, Texas fever, 

redwater, tick fever, and tristeza (Zaugg, 2009). The maintenance of infection by Babesia sp. is 

dependent on the specific tick vector (invertebrate host) which represents the reservoir of infection 

states. Infection of a vertebrate host is initiated by inoculation of sporozoite form of parasites into 

the blood stream during the blood feeding (Radostis et al., 2008). The intraerythrocytic parasite can 

persist over 13 months in the organs of infected animals (Taylor et al., 2007).  

Bovine babesiosis is the most important disease of tropical and subtropical regions (McCosker, 

1981). In South Africa, Middle East, Turkey and some areas of Southern Europe, infection is 

associated with B. bigemina and B. bovis. In northern and western Europe, babesiosis is caused by 

B. divergens and is transmitted almost exclusively by Ixodes ricinus (Bock et al., 2004; Jammes, 

2009) and this probably explains its limited distribution. B. major occurs in Europe, North Africa 

and South America and it is transmitted by Haemaphysalis punctata (Taylor et al., 2007). 

Water buffalo can apparently be infected with B. bigemina and B. bovis, whereas B. orientalis has 

been observed in Central and South China since water buffalo is the only mammalian host and 

Rhipicephalus haemaphysaloides is the only known tick vector (Liu et al., 1997; He et al., 2011). 

The greatest infection rate occurs in animals at 6-12 months of age. In enzootic areas, the average 

age of infected calves is 11 weeks, with mild and short lasting clinical signs; infection causes 

greatest clinical findings only in adults animals (Radostis et al., 2000). 

After an incubation period of 2-3 weeks, B. bigemina and B. bovis produce acute syndromes  

characterized by high fever (>40°C), anorexia, depression, weakness and a reluctance to move, 

disturbance of rumination and a fall in milk yeld. Haemoglobinuria can be observed, the color of 

urine is dark-red to brown. Respiratory and heart rates are increased, and the red conjunctivate and 



 39 

mucous membranes change to the extreme pallor of severe anemia. Abortion occur in pregnant 

animals (Radostis et al., 2000). Muscle wasting, tremors and recumbency develop in advanced 

cases followed terminally by coma. Cerebral babesiosis is manifested by a variety of signs of 

central nervous system involvement and the result is almost invariably fatal (de Vos & Potgieter, 

1994). Non-fatal cases may take several weeks to regain condition but recovery is usually complete. 

Subacute or chronic syndromes also occurs in young animals, but fever is mild and 

haemoglobinuria is absent. In subacute infections, clinical signs are less pronounced and sometimes 

difficult to detect.  

Diagnosis of babesiosis are made by blood and/or organ smears examination stained with Giemsa 

method. However, negative direct test should be confirmed with other examination. The most 

commonly used tests are ELISA, PCR and a DNA probe, which can detect specific parasitemias at 

very low levels of infection (Radostis, 2008). Serological tests as complement fixation test (CFT) 

and ELISA can be used for detection of antibodies.   

The control of the disease depends on effective quarantine in order to prevent the introduction of the 

vector tick and by dipping or spraying animals with recommended acaricides. In addition, 

widespread use of tick vaccines may also have a significant influence on reducing the incidence of 

infection in cattle (Sharm et al., 2001; Taylor et al., 2007; Radostis et al., 2008; Zaugg, 2009). 

Babesiosis can be treated using diminazene aceturate, phenemidine diisethionate, imidocarb 

dipropionate, quinuronium sulphate, pentamidium and amicarbalide diisethionate (Taylor, 2007; 

Radostis, 2008; Zaugg, 2009; Akhter et al., 2010). 

 

Theileriasis 

Theileriasis is an haemoparasitic disease caused by protozoa of the genus Theileria (Apicomplexa). 

Theileria sp. affects many species of domestic and wild ruminants, as cattle, buffaloes, goats, sheep 

and wild ungulates (Radostis et al., 2000), especially in Africa, Europe, Australia and Asia (Allison 

and Meinkoth, 2010). 

The parasites are transmitted by a variety of tick vectors which cause infections ranging from 

clinically inapparent to rapidly fatal (Taylor et al., 2007). 

Theileria sp. are classified into 2 groups. The first one (T. parva and T. annulata) is observed in 

lymphocytes whereas the second group (T. orientalis) directly infect erythrocytes with haemolytic 

anemia as a result (Magona et al., 2010). 

Two different forms of bovine Theileriosis are known depending on the geographical distribution: 

East Coast fever and Mediterranean Coast fever or Tropical Theileriosis.  T. parva causes East 

Coast fever by the tick vector Rhipicephalus appendiculatus. It generally occurs in East Africa, 
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where is a highly fatal disease in cattle and buffalo (Carlson, 2009). T. annulata  causes 

Mediterranean coast fever in Mediterranean, Middle East, Indian and China countries, by 

Hyalomma dentritum in north Africa and in the Mediterranean countries, H. dentritum and H. 

dromedaii in central Asia, and H. marginatum in India (Taylor et al., 2007; Radostits et al., 2008). 

European breeds, are highly susceptible (Taylor et al., 2007). 

Theileria orientalis complex is a milder disease called benign theileriosis in cattle (Radostits et al., 

2008) and in buffaloes (He et al., 2011). The tick vectors are Ambylomma variegatum, A. 

cohaerens, A. haebraeum, Haemaphysalis bispinosa. 

In Theileria parva infection, incubation period is approximately 1-3 weeks (Radostits et al., 2008). 

One or two days later, the first clinical sign is generalized swelling of the superficial lymph nodes, 

eyes, ears and submandibular regions. After few days there is anorexia, decreased milk production, 

loses condition, rumination disturbance, rapid hearth beat, petechial haemorrhages under the tongue 

and on the vulva (Taylor et al., 2007). In cerebral theileriosis there are localized nervous signs and 

convulsions, tremor, salivation and head pressing (Radostits et al., 2008). 

In Theileria annulata infection, pyrexia, anorexia, enlargement of superficial lymph nodes, nasal 

and ocular discharges and salivation are the most frequent signs. Constipation is recorded in some 

cases and respiratory distress, coughing and pulmonary oedema are seen (Osman and Al-Gaabary, 

2007). This infection, contrary to T. parva, is not always lethal. 

In Theileria orientalis infection, clinical signs are associated with anemia, jaundice and 

lymphadenopathy (Taylor et al., 2007). 

Examination of Giemsa-stained blood smears and lymphnode biopsy will reveal piroplasms in 

erythrocytes and schizonts in lymphocytes. For diagnosis, indirect fluorescent antibody test (IFAT) 

and indirect enzyme-linked immunosorbent assay (ELISA) are the most commonly used techniques.  

Nowadays, Buparvaquone is the most effective and reliable drug (Nasir, 2000; Ahmad et al., 2007; 

Taylor et al., 2007; Radostits et al., 2008).  

The control of the disease depends on practicing quarantine even if the eradication of the tick 

vectors would be the permanent solution to the problem. Nevertheless, it is rarely considered 

practical, sustainable or economically justifiable. However, a judicious and selective application of 

acaricides at 3-4 week intervals as well as the use of genetically resistant breed and the use of 

vaccines are recommended (Radostis et al., 2008). Many vaccines based to purified protein, 

recombinant protein and cell culture have been studied (Sharma et al., 2001). 

 

Deg Nala disease 
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The disease affects cattle and buffaloes fed mouldy rice straw (Sikdar et al., 2000). It is a 

mycotoxicosis most frequently caused by Aspergillus niger, Alternaria alternata, Fusarium 

avenaceum, Mucor heimalis, Fusarium oxysporum, Fusarium fusarioides, Cladosporium 

cladosporoides, Aspergillus flavus and Penicillium notatum (Maqbool et al.,1994). 

In buffaloes the disease is more severe than in cattle, due to the higher susceptibility of this species. 

Secondary bacterial infection of the lesions are partly responsible for the severity of the disease. 

Rice straw containing multiple dark specks is the main cause. Also called gangrenous syndrome, 

affected buffaloes show lameness, edema, gangrenous ulceration of limbs, hooves, ears or tail that 

are cold to the touch. Sometimes the muzzle and tip of the tongue become gangrenous; there is 

emaciation, recumbency and eventually death. Sometimes gangrenous portions of the body drop 

off; in the case of hooves, bones can be exposed (Maqbool et al., 1994). Usually lesions heal within 

a few weeks, but severe cases can last 1 to 32 months. Lesions should be washed and dressed with 

glycerine ointment. In order to obtain a higher recovery rate, a therapeutic regimen can consist in 

oxytetracycline (Maqbool et al., 1994). 

Prophylaxis of all mycotoxicosis is certainly based on the control of straw quality. Sorbents can be 

used to bind aflatoxins in the gastrointestinal tract. 

 

Pregnant buffalo pathologies  

 

Infectious abortion 

Abortion in buffalo causes significant economic loss to farmers and the animal health industry. 

The investigation is recommended if cases are more than three percent in a herd per year or if 

several abortions occur in quick succession. Brucella abortus biotypes 1- 3- 6 and Brucella 

melitensis biovar 3 are among the most common causes of abortion. Moreover, the Brucella abortus 

vaccine strain RB 51 may be responsible for abortion, if the live attenuated vaccine is used in 

pregnant animals. Brucellosis abortions generally occur between the sixth and the ninth month of 

gestation, often with placental retention (Table 2). Diagnosis of infectious agents can be performed 

on placenta (cotyledons) and foetus (liver, kidneys, spleen, lungs, heart, thymus, brain and organic 

fluids) (Fig. 13, 14). Both should be analysed as soon as possible. Chlamydiosis causes abortion in 

the second half of gestation. Arcanobacterium pyogenes generally is associated to abortions in the 

final phase of pregnancy. Bacillus licheniformis abortions happen mostly late and in the winter 

months. Escherichia coli causes abortions only sporadically. Leptospirosis has been associated to 

abortion in the buffalo species, in particular the pomona, canicola and hardjo serotypes isolated 

from foetal kidneys (Galiero, 2007). Coxiella burnetii is considered as a possible agent of abortion 
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in buffaloes (Galiero, 2007). The involvement of the species-specific herpes virus BuHV-1 in 

buffalo abortions has not been proved as it is not yet completely done for the BVD virus (Galiero, 

2007, Table 2). 

Table 2. Abortion time for different aetiologic agents. 

Abortion causes month of pregnancy 

 1 2 3 4 5 6 7 8 9 10 

Aerobic and 

anaerobic bacteria                      

BHV                     

Brucella                     

BVD                     

Chlamydophila                     

Salmonella spp.                     

Miceti                     

Leptospira                     

Neospora                     

Coxiella           

                 

         Fig. 13- Seventh month of pregnancy abortion         Fig. 14- Fourth month of pregnancy abortion              

                                (Zottola, photo 2011)                                                                (Zottola, photo 2011) 

 

                                                                 

Lactating buffalo pathologies  

 

Udder health: Mastitis  

Mastitis is defined as an inflammatory reaction of the parenchyma of the mammary gland that can 

be of an infectious, traumatic or toxic nature (Griffin et al., 1987). In addition, it may result in the 

presence of bacteria and other infectious agents which may be harmful to humans. Also mastitis 

therapy often results in the presence of antibiotic residues in milk rendering it unsuitable for human 

consumption or further processing (Costa et al., 1997). Since it causes reduced milk yields and have 

deleterious effects on the chemical and cytological composition of milk, it affects the world’s dairy 
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industry economic performance. Mastitis generally leads to inflammation of one or more quarters of 

the mammary gland and it is often affecting not only the individual animal but the whole herd or at 

least several animals within the herd. If left untreated, the condition can lead to deterioration of 

animal welfare resulting in culling of affected cows, or even death. Finally, mastitis can be 

considered as an indicator of environmental and milking hygiene and machine milking setting.  

Clinical acute mastitis starts suddenly, usually accompanied by systemic effects as swollen and 

painful quarters, fever, lack of appetite, and dehydration. Remarkable decrease in milk production 

and evident milk alterations occurr such as presence of blood, water, pus containing clots, flakes 

and shreds consisting of fibrin and cellular debris (Fig. 15). 

Subclinical mastitis is observed more frequently and characterised by lack of  symptomatology, a 

normal gland and milk appearance, few udder clinical signs, increase of somatic cell count and 

some milk alterations. It is often not diagnosed and consequently  its  alterations are only detected 

by using screening tests (California Mastitis Test, electrical conductivity).  

Chronic mastitis shows lack of  symptomatology, no milk production and udder healings.  

Environmental aspects such as poor hygiene, poor husbandry, overcrowding, bad ventilation, poor 

milking technique and malfunction of milking machines together with factors which adversely 

affect the normally efficient barriers to infection of the udder such as teat skin, teat canal and 

mammary cistern, predispose udder to mastitis.  

Mastitis is the most costly disease in the dairy industry even though buffalo species has been 

traditionally considered less susceptible to mastitis than cattle (Wanasinghe 1985). Nevertheless, as 

in any raw milk, microorganisms can multiply rapidly in buffalo milk due to its high nutrient 

content. However, in comparison with cattle, buffaloes have some characteristics that may 

contribute to greater risk of mastitis such as more pendulous udder and longer teats. Conversely, 

they have a long narrow teat canal, which may be expected to prevent the invasion of 

microorganisms.  

In buffalo cows mastitis is quite always caused by bacteria (Galiero 2002). Usually the majority of 

the infections is caused by the contagious pathogens Staphylococcus aureus, Streptococcus 

agalactiae, and by the environmental pathogens Streptococcus uberis, disgalactiae, Coliforms (E. 

coli, Klebsiella, Enterobacter) Pseudomonas, Prototheca, yeasts and Escherichia coli. These 

pathogens infect the udder generally through the ductus papillaris, which is the only opening of the 

udder to the outside world.  

Staphylococcus aureus is the most problematic and significant  pathogen in contagious mastitis due 

to the occurrence of pathogen strains particularly resistant to antibiotics. Staphylococcus typically 

colonize the broken skin. Abrasion of the teat end and faulty milking encourages the transfer of 
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bacteria into the udder. It can cause mostly subclinical mastitis and it remains for long time in 

farms.  

Streptococcus agalactiae is an udder strict parasite being transmitted exclusively during milking 

procedure. This infection remains in the milk ducts as superficial. It causes clinical and mostly 

subclinical mastitis inducing a remarkable increase in somatic cells count and a significant decrease 

in milk secretion. Clinical symptoms can vary from mild to moderate and clot occurs in the milk. 

Streptococcal mastitis is not usually fatal nor causes a special problem for therapy.  

Regarding environmental pathogens, they are present in the faeces, in the soil, on the structures, 

equipments and in the litter. The milking equipment  plays a pathogenic  role in determining teat 

lesions which allow microorganisms penetration and invasion in the udder whereas bedding 

contamination represents the main source of infection of Coliforms since they do not colonize the 

milk duct and the most critical time is just after milking or during interval between two milking. 

Regarding opportunist pathogens, these are usual guests of the  animal skin and they need 

predisposing factors such as skin lesions, not proper milking,  inadequate disinfection. 

     The diagnosis of mastitis is based also on some laboratory tests: 

 Determination of somatic cell count 

 Electrical conductivity 

 Bacterial agent detection 

 California Mastitis Test (Fig. 16) 

 Biochemical reactions by using commercial micromethods for specific identifications of 

Staphylococci and Streptococci (Gram+)  

 The coagulase test is another method for differentiating between pathogenic and  non-

pathogenic strains of Staphylococcus. 

 Flow cytometry that  patterns the changes in leucocytes   populations and their functions 

occurring in case udder inflammation. 

High somatic cell counts (SCC) affects the quality and shelf-life of pasteurized milk (Ma et al. 

2000) and is indeed able of deeply degrading milk proteins, so influencing the produced mozzarella 

cheese and its quality. 

Based on the numerous data available for dairy cows, a quarter producing milk with > 200.000 

cells/ml is defined as subclinically mastitic, while bacteriologically negative quarters with < 

100.000 cells/ml are considered healthy (Smith 2002; Pyorala 2003). In healthy conditions with a 

complete body wellness, the number of somatic cells of milk greatly change in relation to the age 

and lactation stage of the animal, seasonal and daily changes, milking frequency. However the 

scarceness of data for buffalo milk somatic cell counts (SCC) leads to uncertainty about the level of 
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SCC in buffalo milk that can be used to define the presence of an inflammation (Dhakal et al. 1992; 

Mahendra and Ludri 2001; Ceron-Munoz et al. 2002; Pasquini et al. 2003). Previous studies show 

that after the first 90 days of lactation, the level of somatic cells increases progressively and the 

days in milk and parity have a significant influence on somatic cell count  (Ceron-Munoz et al. 

2002). In a following study Piccinini et al. (2006) confirm these findings with an increasing 

frequency of quarter in high SCC class (>400.000 cells/ml) as parturition and days in milked 

increased. Moreover these results suggest that the presence of an inflammatory status of the udder is 

frequent after the first trimester of lactation and in buffaloes with two or more parturitions.  

At last it is to remember that also the presence of colostrum in the delivered milk or from animals 

already being in their period of less frequent milkings, can variously cause a high somatic cell 

count.  

                

Fig. 15-Milk from buffalo with mastitis (Zottola photo, 2011)       Fig. 16-California mastitis test  (Zottola photo, 2011) 
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Buffaloes, especially the water buffalo, are very important domestic species for an economic point 

of view. Although they are more present in south-east countries, in particular in India, these species 

(i.e. river buffalo) are receiving great attention also from west countries which are particularly 

interested to both milk and meat productions. In addition, since significant differences in the milk 

productions have been observed not only between different species (i.e. river and swamp buffaloes) 

but also within the same species and breed, the margin for the genetic improvement of buffaloes 

still remains large.  

The cytogenetics is one of the biotechnologies which goes in this direction, especially for the 

selection of reproducers.  

In this chapter an update of the most important results obtained in the cytogenetics of buffaloes are 

reported and reviewed. They have been grouped in three main fields: evolutionary cytogenetics, 

clinical cytogenetics and molecular cytogenetics, although most often cytogenetic studies involve 

all of them or two of them.  

 

Evolutionary cytogenetics 

Buffaloes belong to the order Cetartiodactyla, sub-order Ruminantia, family Bovidae, subfamily 

Bovinae, tribe Bovini. Two main species of buffaloes are known in the world: the African buffalo 

(Syncerus caffer) and the Asiatic buffalo (Bubalus bubalis).  

The African buffalo (Syncerus caffer) is a wild species living mainly in Ethiopia, Somalia, Zambia, 

Zimbabwe, Namibia, Botswana, Mozambique, South Africa, Kenya and Tanzania. Two forms are 

known: the “savannah buffalo” (the most numerous one) and the “forest buffalo”, both two divided 

in three subspecies: the large black savannah or Cape buffalo (Syncerus caffer caffer), the small 

reddish forest buffalo (Syncerus caffer nanus), and the intermediate Sudan buffalo from West 

http://en.wikipedia.org/wiki/Ethiopia
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Africa (Syncerus caffer brachyceros) (Buchholtz, 1990; Kingdon, 1997). However, a fourth 

subspecies (Syncerus caffer mathewsi), known as the relict "mountain buffalo", has been reported 

by Kingdon (1997). 

Karyotypes of these species differs among them and represent the most simple method to 

distinguish their genotypes, also in their inter-specific hybrids. Indeed, the Syncerus caffer caffer 

has 2n=52 and a fundamental number (FN) (chromosome arms) equal to 60, while the Syncerus 

caffer nanus has 2n=54 and FN=60. These two subspecies interbreed, and the F1 has 2n=53. As for 

other species where animals have odd numbers, these hybrid animals may have reduced fertility due 

to the presence of unbalanced gametes formed for erroneous meiotic segregations as occur in other 

species (Gustavsson 1980; Villagomez et al., 2009). The different diploid number between the two 

species is due to the presence of four (Syncerus caffer caffer) and three (Syncerus caffer nanus) 

biarmed autosome pairs, while the other chromosomes are acrocentric, including X (the largest 

acrocentric) and Y (a small acrocentric) chromosomes. The use of banding techniques have 

demonstrated that the biarmed pairs in Syncerus caffer caffer correspond to centric fusion 

translocations of cattle (ancestral bovid) chromosomes 1;13, 2;3, 5;20 and 11;29, respectively 

(Gallagher and Womack 1992).  

The Asiatic (water) buffalo (Bubalus bubalis) has two main subspecies or types: the river buffalo 

(2n=50, FN=60) and the swamp buffalo (2n=48, FN=58). Looking at both diploid and FN these two 

species differs in both of two cytogenetic parameters, although crosses between them are possible 

and their hybrids are fertile. This can be explained because swamp buffalo chromosome 1 (the 

largest one) has been originated, during swamp buffalo karyotype evolution, by a tandem fusion 

translocation between river buffalo (BBU) chromosomes 4 and 9 (telomere of BBU4p and 

centromere of BBU9) as firstly demonstrated by Di Berardino and Iannuzzi (1981). Thus, all 

chromosome arms and biarmed pairs have been conserved between the two species. For this reason 

crosses between the two species are fertile, although the hybrid has 49 chromosomes and may have 

a lower reproductive value as reported above for African buffalo hybrids.  

The river buffalo (2n=50).This species is the most important and numerous one in the world. Its 

karyotype has five biarmed autosomes (Figure 1), all remaining ones being acrocentric, including 

X- (the largest acrocentrics) and Y- (among the smallest acrocentrics) -chromosome The five 

biarmed river buffalo chromosomes (from BBU1 to BBU5, Figure 1) were originated by five 

centric fusion translocations of cattle homoeologous (cattle ancestor) chromosomes (and bovine 

syntenic groups) BBU1 (1;27-U10/U25), BBU2 (2;23-U17/U20), BBU3 (8;19-U18/U21), BBU4 

(5;28-U3/U29), and BBU5 (16;29-U1/U7), according to the standard karyotypes of both river 



 

buffalo (Iannuzzi, 1994) and cattle (ISCNDB2000, 2001). These five centric fusions were 

accompanied by large losses of constitutive heterochromatin (HC=C-bands) when compared with  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 . High resolution reverse RBA-

banded male river buffalo karyotype (2n=50, 

XY), produced from a single cell and 

arranged according to the standard 

karyotype.  

both cattle homoeologous chromosomes and remaining river buffalo acrocentric chromosomes. 

Indeed, biarmed pairs show very small C-bands in their centromeres, compared to those achieved in 

all acrocentric chromosomes, including X which shows the largest HC-block at the centromere and 

an additional one proximally located (Figure 2). The Y chromosome shows variable C-banding 

patterns depending on the degree of chromosome denaturation. Indeed, the Y chromosome appears 

completely heterochromatic or with prominent C-band distally located (Figure 2A).  

The C-banding technique (especially CBA-banding) is the simplest banding technique enable 

to clearly distinguish river buffalo sex chromosomes from the autosomes and it is normally used for 

studying river buffalo sex chromosome abnormalities (Iannuzzi et al., 2000a, 2001a, 2004, 2005; Di 

Meo et al., 2008a).  

 



 

 

Figure 2. Reverse CBA-banding in a male (A) and female (B) river buffalo metaphase plates. Note 

the strong C-bands in all acrocentric chromosomes (including the X chromosome which shows 

the largest centromeric HC-block with a clear, additional proximal positive C-band) and the 

very small C-bands in biarmed chromosomes. The Y chromosome appears to be C-band 

positive only in the distal (almost telomeric) region, whereas the centrome is C-band negative 

(A). 

 

 

The Swamp buffalo (2n=48). As before reported, swamp buffalo karyotype differs from that of the 

river type for the presence of a large chromosome (chromosome 1) which was originated by tandem 

fusion translocation between river buffalo chromosomes 4 (BBU4) and 9 (BBU9) (Figure 3). Since 

river buffalo BBU4 originated from a centric fusion translocation of cattle homoeologous 

chromosomes 5 and 28 (Iannuzzi, 1994), and river buffalo BBU9 is homologous to cattle 

chromosome 7 (Iannuzzi, 1994), three cattle (ancestor) homoeologous chromosomes (and bovine 

syntenic groups) are present in swamp buffalo chromosome 1: BTA5 (U3), BTA28 (U29) and 

BTA7 (U22) (Figure 4). During the tandem fusion translocation, the centromere of  BBU9 was 

apparently deleted or inactivated while the nucleolus organizer regions (NORs) present at the 

telomeres of BBU4p (Iannuzzi et al. 1996) were lost (Di Berardino and Iannuzzi, 1981) (Figure 3).  

 

 

 

 



 

 

 

 

 

Figure 3. Origin of swamp buffalo chromosome 1 

by tandem fusion translocation of river buffalo 

chromosomes 9 (acrocentric) and 4 

(submetacentric). The fusion occurred between the 

centromere and telomere of river buffalo 

chromosomes BBU9 and BBU4p, respectively., and 

resulted in the loss of both NORs and satellite II 

(SAT II) DNA, being  SAT I DNA conserved. 

(From Di Berardino and Iannuzzi 1981; Tanaka et 

al. 1999). The homoeologous cattle (BTA) 

chromosomes and relative syntenic groups are also 

indicated. 

 

 

 

 

Nucleolus organizer regions (NORs). NORs are particular chromosome regions where genes 

coding for ribosomal RNA, are intensely present and, for this reason, the chromatin is dispersed (i.e. 

satellite stalk in human nucleolar organizer chromosomes). Each species has a specific number of 

NORs and nucleolar organizer (NO) chromosomes. One or more NORs can organize one nucleolus 

during cell inter-phase. River and swamp buffaloes have six and five nucleolus organizer regions 

(NORs), respectively. NORs can be revealed by using silver nitrate (Ag) staining (Figure 4) which 

reveal only active NORs (NORs which have organized at least one nucleolus during previous cell 

inter-phase) or with specific ribosomal probes using the fluorescence in situ hybridization (FISH) 

technique. However, using the latter method all NORs are revealed (active and do not). They are 

located at the telomeres of river buffalo chromosomes 3p, 4p, 6, 21, 23, and 24 (Iannuzzi et al. 

1996) and at the telomeres of swamp buffalo chromosomes 4p, 8, 20, 22 and 23 (Di Berardino and 

Iannuzzi, 1991).  

 



 

 

 

 

 

 

 

Figure 4. Nucleolar organizer regions 

(NORs) revealed by silver nitrate 

staining (arrows) in a river buffalo 

metaphase plate.  

 

 

 

 

NORs in bovids are localized at the telomeres of various autosomes (generally 5). Considering the 

high degree of chromosome (arm) conservation among bovids (Gallagher and Womack, 1992; 

Iannuzzi and Di Meo, 1995) and that the main autosome rearrangements underwent by centric 

fusion translocations which, as known, occur along the centromeres, we expected to find the NORs 

in the same homoeologous chromosomes of different species, but it was not so. Indeed, NORs 

changed their position in various bovid species during karyotype evolution (Gallagher et al.,1999)., 

probably by a simple translocation event (Iannuzzi et al., 2009) River buffalo has 6 NO-

chromosomes and a specific study performed in various animals showed that NORs located at the 

chromosome 23 and 24 are the most active ones (all metaphases of all investigated animals showed 

both these chromosome pairs with NORs) (Iannuzzi et al., 1996). 

The use of fluorescence in situ hybridization (FISH) technique with two river buffalo probes 

containing satellite DNA similar to bovine SATI and SATII (79% and 81% similarity, respectively) 

revealed signals in the proximal region of swamp buffalo chromosome 1q (at the presumed region 

of tandem fusion) with only the SAT I probe (although the signal intensity was stronger in the 

acrocentric chromosomes than in the biarmed pairs), while SAT II probe showed FITC-signals only 

in the centromeric regions of remaining chromosomes (Tanaka et al. 1999). Thus, large portions of 

HC and satellite DNA (Tanaka et al. 1999) present in both river buffalo BBU9 (Di Meo et al. 1995) 

(Figure 3) and the NORs present at the BBU4p telomere were lost during the tandem fusion 

translocation originating the large swamp buffalo chromosome 1 (Figure 3).  



 

By comparing the karyotypes of African (Syncerus) and Asiatic (Bubalus) buffaloes it appears 

evident that no biarmed chromosome pairs are common between the two species (Iannuzzi, 1994; 

Gallagher and Womack 1992). Thus, no crosses between these two species (and subspecies) are 

possible and their different karyotypes also support their classification in two separate genera.  

 

In the Sulawesi (Indonesia) island is present another (and endangered) Asiatic buffalo species: the 

Bubalus depressicornis (2n=46). It is divided in two subspecies: Bubalus depressicornis 

depressicornis (Lowland Anoa) and Bubalus depressicornis quarlesi (Mountain Anoa). This 

species is the smallest buffalo in the world, ranging between 70 (Mountain Anoa) to 100 cm 

(Lowland Anoa) of tall. The karyotype of this species is very close to that of river buffalo (Bubalus 

bubalis). Indeed, four of the six biarmed chromosome pairs in Anoa are similar to those present in 

river buffalo (1;27, 2;23, 8;19, 5;28), whereas the other two biarmed chromosomes were originated 

by centric fusion translocations of cattle homoeologous chromosomes (11;20 and 17;15) (Gallagher 

et al., 1999).  

In bovids, during the karyotype evolution of species, in addition to the most common centric fusion 

translocations which reduced the diploid number but conserved the same NF, a small autosome 

mutation has been revealed by both linkage- (de Gortari et al, 1998) and FISH- (Iannuzzi et al., 

2001b, 2009) mapping analyses. Indeed, a small pericentromeric region translocated from 

“bovinae” (i.e. cattle and buffalo) chromosome 9 to “caprinae” (i.e. goat and sheep) chromosome 

14. This is, at the moment, the main autosome mutation which changed (even partially) the 

chromosome arms (and gene content and order) in the autosome of bovids. 

At the same time, complex chromosome rearrangements occurred to differentiate sex chromosomes 

among bovids, in particular the X-chromosome. Indeed, the X-chromosomes of bovids can be 

mainly fitted in three different types: submetacentric in cattle, acrocentric in buffaloes and 

acrocentric with visible p-arms in sheep and goat. Comparative chromosome banding analyses and, 

more recently, comparative FISH-mapping analyses, have revealed that cattle and river buffalo have 

the same gene order, thus the different centromere position underwent after a centromere 

transposition or repositioning (reviewed in Iannuzzi et al, 2009). This event (from buffalo to cattle) 

was accompanied by loss of HC present in the centromere of buffalo X-chromosome.  

Caprinae X-chromosome differentiated from bovinae X by at least four chromosome transpositions 

involving four chromosome regions (Iannuzzi et al., 2000b, 2009).  

Also the Y-chromosome differs in size (different content of heterochromatin) and shape (different 

position of the centromere) among domestic bovids It is submetacentric in cattle, acrocentric in 



 

buffaloes (Figures 1-2), acrocentric with small p-arms in zebu (Bos indicus, 2n=60) and a very 

small metacentric in sheep and goat (Di Meo et al., 2005). 

Comparative FISH-mapping analyses revealed that also in this chromosome rearrangements like 

centromere transposition (cattle vs zebu) and pericentric inversions (cattle vs buffalo) occurred 

during chromosome evolution of these species (Di Meo et al. 2005).  

It has been hypothesized that “bovinae”sub-family (i.e. cattle and buffaloes) is ancestral to all 

remaining bovid sub-families (Iannuzzi et al., 2009). 

 

Clinical cytogenetics 

A standard karyotype of river buffalo using six banding techniques and G and R banded ideograms 

has been established by an international scientific Committee coordinated by Iannuzzi (1994). A 

comparison between this river buffalo standard karyotype, based also on specific chromosome river 

buffalo genetic markers (Iannuzzi et al., 2001c), has been performed when arranging the latest 

standard karyotypes of cattle, sheep and goat (ISCNDB2000, 2001), allowing to strictly correlate 

the chromosomes of buffalo (and their genetic pool) to those of related bovids. 

River buffalo karyotypes were also obtained at the high resolution banding (Iannuzzi, 1994), thus 

allowing a detailed description of Q-, G- and R-banding patterns of this important species. This 

standard karyotype and the six banded standard karyotypes available have been the point of 

reference when analyzing the karyotypes of animals in searching of chromosome abnormalities. 

Although the buffalo is a very important species in the world, few studies have been undertaken to 

ascertain the presence of chromosome abnormalities in the buffalo populations, especially in 

females with reproductive problems (females which do not show sign of oestrus or do not remain 

pregnant in fertile age even when bulls are present in the herd). Cytogenetic analyses in Italian river 

buffalo females with reproductive problems revealed that about 20% of them were found carriers of 

sex chromosome abnormalities (Iannuzzi et al, 2000a, 2001a, 2004, 2005; Di Meo et al. 2008; 

Villagomez et al., 2009; Favetta et al., 2012).  

 

Sex chromosome abnormalities 

They are the most common chromosome abnormalities found so far in river buffalo.  

X-monosomy. Five females 2n=49,X have been found so far in buffalo carrying this abnormality: 

three in India (Yadav et al., 1990a; Prakash et al., 1992, 1995) and two in Italy (Iannuzzi et al., 

2000a; Di Meo et al., 2008) (Figure 5). These females are generally sterile for serious damages to 

internal sex adducts. Such male traits were also observed in these females (Iannuzzi et al., 2000a; 

Di Meo et al., 2008). This syndrome is rare in domestic bovids but it is more frequent in horses. In 



 

humans, about 90% of 2n=45,X conceptuses (Turner’s syndrome) die during the first three months 

of embryonic life while short stature, normal intelligence and primary amenorrhoea are the most 

important features in living women. Its incidence in humans is 1 in every 2,500 live female births.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Reverse RBA-banded 

karyotype in a female river buffalo 

affected by X-monosomy (2n=49,X) 

 

 

 

X-trisomy. Only three cases have been found so far in river buffalo, two in India (Murrah breed) 

(Yadav et al., 1990b; Prakash et al., 1994, ) and another in Italy (Razza Bufala Mediterranea 

Italiana) (Iannuzzi et al., 2004). These females were sterile due to damage to internal sex adducts, 

very probably due to the presence and action of all three Xs before their inactivation (2/3) and/or to 

genes which escape gene inactivation, especially those of the pseudoautosomal region (PAR). In 

humans this syndrome induces taller stature in most cases and ovarian dysfunctions in a reduced 

number of women.  

Sex-reversal syndrome. This syndrome occurs in both males and females showing a karyotype 

which is opposite to their phenotype (XX or XY, respectively). The origin of XX males is generally 

due to errors during meiosis with translocations of small chromosome regions (containing genes 

involved in sex differentiation) from the Y-chromosome to the X-chromosome. XY females 

originate from deletion or mutations of genes involved in sex determination, especially the SRY-

gene. This syndrome is rare in domestic animals even if it seems to be much more frequent in 



 

domestic animals than in humans, especially in horses. The carriers are generally affected by 

gonadal dysgenesis. In river buffalo this syndrome has been found only in two females of Italian 

river buffalo of which one lacking its internal sex adducts and the other one showing pronounced 

atrophy of Muller’s ducts (Iannuzzi et al., 2001a, 2004). Molecular analyses on SRY-gene in one of 

these two females revealed a normal gene sequence. Thus, at least in this case, SRY does not seems 

to be involved in this syndrome. Very probably, other genes involved in the sex differentiation are 

responsible of this syndrome in this specific case. 

XXY-syndrome. Only one case of XXY has been reported in river buffalo. It has been found in a 

male calf from Mehsana breed (India), although its karyotype was unusual for the presence of an 

X;X chromosome centric fusion translocation (with both active and inactive Xs), in addition to the 

Y-chromosome (Patel et al., 2006). 

XX/XY chimerism (freemartin). As in cattle, it’s the most common syndrome (and sex 

chromosome abnormality) found so far in female river buffaloes with reproductive problems 

(Iannuzzi et al., 2005; Di Meo et al., 2008a). Almost all investigated cases were from single births, 

suggesting that male co-twins died during early embryonic life. For this reason the breeders kept the 

freemartin females for years in the farm and only after a cytogenetic analyses (or PCR analysis with 

specific Y-chromosome markers) the breeders realize that the female is freemartin.  

As for the freemartin cases found in cattle, internal sex organs showed variable damages (from 

complete lack of internal sex adducts to the atrophy of Muller ducts) which was not correlated with 

the percentage of male cells (Iannuzzi et al. 2005; Di Meo et al., 2008a). It is likely that the variable 

freemartin effect is due to the time of placental anastomosis which occurs at 2-3 weeks in cattle and 

3-4 weeks in buffalo, as well as to sex differentiation which occurs at 40-50 days in cattle for male 

co-twins, and about one week later for females (Ruvinsky and Spicer, 1999).  

In Italy, upon 150 female river buffaloes investigated by using karyotype analyes because they were 

indicated to have reproductive problems, 20% of them were found to carry sex chromosome 

aberrations. Since all female carriers were sterile because of great damages at the internal 

reproductive organs and many of them have been kept in the farm for many years (even 5-6 years), 

it is evident that serious economic damages underwent for the breeders.  

These results underline the need to extend cytogenetic analyses to all females with reproductive 

problems. In addition, since such females showed clear male traits (large head and horns, prominent 

withers, tight pelvis), earlier analyses on these females could significantly reduce the time of animal 

raising in the farm with a prompt elimination of carriers. This would save also considerable time 

and money. 

 



 

Autosome abnormalities 

Very few cases of autosome abnormalities have been found so far in river buffalo, depending also 

for the few cytogenetic investigations performed until now in this species and in the bulls. A rare 

case of centric fission and fusion in a river buffalo cow with reduced fertility has been found in the 

Southern-Italy farm producing milk to obtain the mozzarella cheese (Di Meo et al., 2011a). 

Essentially, a new biarmed chromosome was formed by fission of BBU1, followed by a centric 

fusion translocation between BBU1p and BBU23. The cow is fertile but with a lager inter-birth, 

comparing with the average of this species in Italy, probably because some unbalanced embryos 

died in early embryonic life. 

A similar case (origin of a new biarmed chromosome by centric fission of river buffalo 

chromosome 1 and fusion of BBU1p with BBU18) has been found in a very famous Italian river 

buffalo bull used in AI (Albarella et al., 2012). Cytogenetic analyses performed also in his progeny 

demonstrated the presence of this abnormality in 32% of investigated subjects (Albarella et al., 

2012). Since the expected 1:1 ratio between normal and carries was not observed, being normal 

animal progeny more numerous than carriers, it is evident that a large portion of gametes do not 

reach the final maturity being genetically unbalanced (having a chromosome more or less of the two 

involved in the translocation). Indeed, quadrivalent configurations at the meiosis and subsequent 

abnormal meiotic segregation can affect the normal meiosis for a large percentage of gametes 

(Albarella et al., 2012). 

Chomosome instability has been also found in calf affected by limb malformations (Peretti et al., 

2008) by using the sister chromatid exchange (SCE) test as well as in river buffalo cows exposed to 

dioxins (Genualdo et al., 2012) (Figure 6). 

 

 

Figure 6. Female river buffalo metaphase plate 

 treated for the sister chromatid exchange (SCE) 

 test. Arrows indicate the numerous SCEs present  

 in the cell.  

 

 

 

 

 

 



 

Molecular cytogenetics 

With the advent of the Fluorescence In Situ Hybridization (FISH) technique and the availability of 

probe containing large inserts (i.e. BAC-clones) or entire chromosome libraries (Iannuzzi et al, 

1998), the cytogenetics has noticeably expanded its field of investigation allowing to study in 

details the physical organization of mammalian genomes, including that of river buffalo. Although 

several loci have been assigned by somatic cell hybrid technique (El Nahas et al., 1996, 2001), 

about 95% of loci assigned so far to river buffalo were by using the FISH-mapping technique with 

DNA-probes such as cDNA for multi-copy genes, cosmids and (mainly) BAC-clones for single 

copy genes (reviewed in Iannuzzi et al., 2003; Di Meo et al., 2008b). Figure 7.shows an example of 

the cytogenetic map of river buffalo chromosomes and their comparison with cattle homoeologous 

chromosomes (Di Meo et al., 2011b). These maps are very useful and important for many reasons. 

Indeed they allow: (a) to easily assign genes or DNA-sequences to specific chromosome regions 

and bands (Figure 7); (b) to use specific molecular markers to identify correctly the chromosome 

involved in the chromosome abnormalies (Di Meo et al., 2011b); (c) to physically anchor to specific 

chromosome regions both linkage and radiation hybrid maps (Perucatti et al., 2009); (d) to perform 

detailed comparison between cytogenetic maps (gene order) of different species to drawn precise 

conclusion about similarities or difference between different genomes (Figure 7) (Di Meo et al., 

2011b).  

 

 

 

Figure 7. Comparison between cytogenetic 

maps of cattle (BTA) chromosome 1 and 3 

with those of homoeologous chromosomes 1q 

and 6 of river buffalo (BBU) by using R-

banded standard ideograms of both species. 

Note that all common loci map in 

homoeologous chromosome regions and 

bands, being the gene order similar. The 

human chromosome regions (HSA) 

conserved in these bovid chromosomes are 

also reported on the left side of each 

chromosome ideogram.(from Di Meo et al., 

2011b). 



 

Interbreeding species  

Crosse between swamp and river buffaloes buffalo than in river buffalo, a breeding program for 

crossing swamp buffalo with river buffalo (Murrah, Nili-Ravi and Jafarabady, in particular) has 

been established in the Philippines, China and Australia. However, the success of these breeding 

programs could be compromised for two main problems: (a) the reproductive values of these 

hybrids (2n=49) will decrease due to unbalanced gametes as reported above, and (b) higher milk 

production requires larger quantities of food which are very often not available in these countries, 

where most of the farms are very small.  

 

 

Conclusions 

Cytogenetics is one of the most important biotechnology recently applied to buffalo studies and 

analyses, contributing noticeably to the knowledge of its genome and to the genetic selection of 

reproducers. The certification with “banded karyotype” should be required for all bulls addressed to 

reproduction and to all females with reproductive problems. A strictly collaboration among 

cytogenetic labs, breeders, breeders association and veterinary practioners should be encouraged to 

bring up the economic value of all buffalo chain in the world. 

In Italy, considering the high percentage (20%) of sex chromosome abnormalities found in the 

female with reproductive problems and the recent autosome abnormalities found in a river buffalo 

bull (and in part of his progeny), a breeding program has been performed, in collaboration with 

Italian buffalo breeder association (ANASB). This program includes the cytogenetic 

characterization of bulls referred to reproductive centres and semen harvesting, as well as to the 

females with reproductive problems.  
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Introduction 

Molecular genetics investigations in Buffalo species are generally lagging compared to other 

livestock species. Just as an example the first nuclear gene sequence deposited on NCBI is only 13 

years old (Verma et al 1999). This is probably due to the marginal or absent economical importance 

of this species in the countries that so far invested a fair amount of their GDP in research in 

agriculture and in the livestock sector. However, the situation is changing in recent times, in part 

because countries defined in the past as "developing" are currently growing at a pace that is more 

than four times that of the "developed" countries and therefore they allocate more funds in research 

of their interest; and in part because "developed" countries started to explore new fields in the sight 

of a general comprehension of biology that is based on the comparison of related species. 

Therefore, we assist today to a steep increase of projects on buffalo, often with the same objectives, 

with some concerns on the lack of coordination that makes the use of the available funds quite 

inefficient by duplicating experiments. 

Molecular evidence of two distinct clades of water buffaloes 

Among domestic Asian buffalo (that includes also Mediterranean populations) two types of buffalo 

exist: swamp and river. Their phenotypes are different and the chromosome number varies: 48 in 

swamp and 50 in river. 

However, there is a debate if the two types were domesticated independently (e.g. see Kierstein et al 

2004), and if classification of the river and swamp buffalo as two related subspecies is appropriate 

(e.g. see Lau et al 1998). 

There are several molecular evidences that the two types are quite separate: 

Mitochondrial DNA. Kumar et al (2007) used the mitochondrial D-loop and the cytochrome b 

gene to infer the phylogeny of the two types. Using bayesian methods they found a high statistical 



support of the separation in two clades. The estimated time of divergence and TMRCA between the 

river and swamp buffalo was 128,040 to 169,883 years using the 375bp of the hypervariable region 

of the D-loop. An even higher time of divergence was estimated using the cytochrome b gene. 

Moreover, the full mtDNA sequences deposited in NCBI show a difference among river and swamp 

of about 4% (see next section). Lei et al (2007) confirmed the separation of swamp and river using 

also the mtDNA D-loop. They found two lineages within the Chinese swamp populations and 

estimated the divergence time of these lineages at 18,000years BP. Kumar et al (2007) found also 

different haplogroups within river buffalo populations of India, estimating the divergence time at 

6300 years BP. 

Nuclear markers. Barker et al (1997) used both microsatellites and protein loci to investigate river 

and swamp phylogeny. They found a substantial differentiation between the two types using both 

markers and estimated the divergence time to 10 000–15 000 years ago. Zhang et al (2008) used 30 

microsatellite markers to estimate the genetic distance among Chinese populations of river and 

swamp buffalo. They found a highly supported separation and estimated a 1.7 My divergence time 

between river and swamp. Moioli et al. (2001) found little genetic diversity among river populations 

of Italy, Greece Egypt, while Gargani et al (2009) report variation among Turkish river populations 

that is probably increased by inbreeding due to breeding practices rather than genetic drift. 

Y Chromosome. Yindee et al (2010) analysed the Y-chromosomal variation in the water buffalo by 

sequencing of DBY, ZFY and SRY gene fragments. They found a clear separation of the paternal 

lineages of the river and swamp buffalo. The amount of differentiation was estimated as a level 

comparable to that of zebu/taurine one. 

From the evidence reported above, it is clear that the separation of swamp and river predates 

domestication. However, the two clades are interfertile and it is probable that recurrent mates have 

occurred between them before and after domestication. Moreover, it is suggested that mates have 

also occurred with wild buffaloes. They are now very rare (Flamand et al 2003) but they were likely 

mates even after the multiple domestication events that are hypothesized. Therefore, swamp and 

river constitute two distinct clades, but they share also several haplotypes at mitochondrial and 

genomic level. A considerable variation exists within swamp clade (e.g. Lei et al 2007), while the 

variation within the river clade is modest (Moioli et al. 2001, Gargani et al. 2009) 

Mitochondrial DNA 

The first complete buffalo mtDNA was sequenced in the river type by Verma,S.K., Prasad,K. and 

Singh,L. in 2002 (AF547270) and not published in journals. The swamp buffalo mitochondrion 



DNA has been sequenced in 2004 by the Transgenic Laboratory, Hainan Medical College, Hainan, 

China and submitted to NCBI (AY702168) by Qian,J.X., Dong,K.J., Huang,Y.J., Yang,B.Z., 

He,M., Liu,Z.J. and Li,J without accompanying publication. River buffalo Mitochondrion DNA has 

been re-sequenced in the same year (AY702168) by Parma et al (2004). The two last sequences 

have about 96% of identities. Recently, Hassanin et al (2012) resequenced the complete buffalo 

mtDNA and found about 2.1% difference between river and swamp buffalo. A similar difference 

was found with the anoa (2.3%), Bubalus depressicornis, a species that is only found on Sulawesi 

and Buton islands of Indonesia. The buffalo mtDNA is similar to other mammals, including 

sequences for 37 genes, among which 13 for proteins, 22 for transfer RNA (tRNA) and one each for 

the small and large subunits of ribosomal RNA (rRNA). Among 13 coding mitochondrial genes in 

water buffalo, the length of the coding sequences of four genes - COX1, ND4L, ND4 and ND6 are 

identical to those in Bison bison (American bison, NC_012346), Bos grunniens (domestic yak, 

NC_006380), Bos indicus (zebu, AF492350), Bos taurus (domestic cattle, NC_006853), Capra 

hircus (goat, NC_005044), Equus asinus (donkey, NC_001788), Equus caballus (horse, 

NC_001640), Lama glama (llama, NC_012102), Oryctolagus cuniculus (rabbit, NC_001913), Ovis 

aries (sheep, NC_001941) and Sus scrofa (swine, NC_000845). However, the D-loop region (926 

bp) is relatively short in water buffalo (Michelizzi et al 2010a). 

Genes 

The INRA database (http://dga.jouy.inra.fr/cgi-bin/lgbc/summary.operl?BASE=buffalo) reports the 

following state of the art for genes knowledge in buffalo at the writing of this chapter (April 2012) 

LOCI: 136  ASSIGNED LOCI: 58 

GENES: 67  ASSIGNED GENES: 42 

MICROSATELLITES: 66  ASSIGNED MICROSATELLITES: 15 

POLYMORPHISMS: 39  ALLELES: 252 

323 BREED POLYMORPHISM records on 3 breeds  

PROBES: 169  PRIMERS: 34 

ENZYMES: 39  

 515 HOMOLOGUE LOCI on 63 

SPECIES 

379 HOMOLOGUE LOCI LINKS on 19 

SPECIES (DBs) 

BIBLIOGRAPHIC REFERENCES: 35  

GB EMBL REFERENCES: 0  SWISSPROT REFERENCES: 8 

 



Michelizzi et al (2010) produced a list of known gene sequences for the species. The sequences 

represent 277 functional genes based on the BLAST searches against orthologous genes in 

mammals. Most of the sequences present in the database are non annotated shotgun sequences 

(95.93%), while nuclear genes with known function only represent 1.47%. Michelizzi et al (2010) 

note that 29 genes/clusters have been heavily investigated, and they may account for 54% (527/971) 

of the known gene entries. Among them, 243 entries are sequences for genes related to growth and 

milk production, such as oxidized low density lipoprotein (lectin-like) receptor 1 (OLR1, 53 

entries), leptin (LEP, 33 entries), growth hormone receptor (GHR, 29 entries), lactalbumin, alpha 

(LALBA, 20 entries), casein beta (CSN2, 18 entries), growth hormone 1 (GH1, 15 entries), insulin-

like growth factor 1 (IGF1, 14 entries), casein kappa (CSN3, 13 entries), casein alpha s1 (CSN1S1, 

13 entries), stearoyl-CoA desaturase (SCD, 10 entries), myostatin (MSTN, 9 entries), diacylglycerol 

O-acyltransferase homolog 1 (DGAT1, 9 entries) and butyrophilin, subfamily 1, member A1 

(BTN1A1, 7 entries). Major histocompatibility complex (BULA@, 86 entries), solute carrier family 

11, member 1 (SLC11A1, 24 entries), lactoferrin (LTF, 23 entries), integrin, beta 2 (ITGB2, 11 

entries), CD14 molecule (CD14, 11 entries), toll-like receptor 4 (TLR4, 10 entries), lysozyme (LYZ, 

10 entries), cathelicidin (CATHL@, 8 entries) and interleukin 2 (IL2, 7 entries) were the targets to 

study disease resistance in water buffalo. Variables of reproduction is another focus of water 

buffalo genome research, including studies on follicle stimulating hormone receptor (FSHR, 17 

entries), sex determining region Y (SRY, 15 entries), progestagen-associated endometrial protein 

(PAEP, 14 entries), luteinizing hormone beta polypeptide (LHB, 10 entries), cytochrome P450, 

family 19, subfamily A, polypeptide 1 (CYP19A1, 9 entries), follicle stimulating hormone, beta 

polypeptide (FSHB, 8 entries) and estrogen receptor 1 (ESR1, 6 entries). 

A richer list of sequences can be found on NCBI, with 9951 nucleotide sequences, of which 

Nucleotide (4022)   EST (1825)   GSS (4104). The large majority belongs to Bubalus bubalis, with 

a few assigned to other buffalo species: 

Bubalus bubalis (3947) 

Bubalus bubalis bubalis (83) 

Bubalus depressicornis (38) 

Bubalus carabanensis (21) 

Bubalus bubalis x Bubalus carabanensis (10) 

All other taxa (6) 

 

http://www.ncbi.nlm.nih.gov/nuccore?term=bubalus%20%5Borgn%5D
http://www.ncbi.nlm.nih.gov/nuccore?term=bubalus%20%5Borgn%5D


However, the richness of sequences in buffalo database poorly compares with other livestock 

species:  

Bos taurus 177,848 

Ovis aries 13,716 

Capra hircus 304,549 

Equus caballus 67,602 

 

Genetic diseases 

The OMIA database reports the current situation regarding the buffalo species 

Total 

traits/disorders  

Mendelian 

trait/disorder  

Mendelian 

trait/disorder; causative 

mutation known  

Potential models 

for human 

disease  

Inborn error 

of metabolism  Dwarfism  

27 2 1 10 1 1 

Of these, 5 are related to coat colour and therefore they are not related to a disease. The database 

has a huge range of date of reports, ranging from 1925 to 2010. 

Ables et al. (2002) sequenced the NRAMP1 gene (natural resistance associated macrophage protein 

1) in river and swamp buffalo from Asia finding both synonymous and non synonymous variations. 

This gene has been reported to confer resistance or susceptibility to Mycobacterium bovis, 

Salmonella typhimurium, and Leishmania donovani in the mouse. Borriello et al (2006) report 

variation in NRAMP1 gene linked to Brucella abortus resistence in Italian river buffalo. Kumar & 

Yadar (2012) report association between immunoglobulin G3 (IgG3) genotypes and staphylococcal 

mastitis in Murrah breed. Dhanasekaran et al (2010) studied the expression levels of toll-like 

receptors (TLRs) 1-10 mRNA in corneal epithelial cells of several livestock species including 

buffalo. Buffalo shows higher expression of TLR5, 6 and 7 compared to sheep and cattle, while 

TLR8 is less expressed compared to goat. The Authors hypothesize that animals with higher mRNA 

would be resistant to flagellin (TLR5) and single-stranded RNA viruses (TLR7). 

Oztabak et al. (2009) have examined the indel polymorphisms in the promoter and intron 1 of 

PRNP gene that are hypothesized to be associated with BSE susceptibility. They found a high 

frequency of variants and in23/in12 haplotype for PRNP promoter and intron 1 indel 

polymorphisms in Turkish water buffalo. 



Mingala et al. (2006) examined the sequences of interleukines Th1 (IL-2, IL-12p35, IL-12p40, and 

IFN-gamma) and Th2 ( IL-4 and IL-10) in three bubaline breeds: swamp buffalo, its crossbreed 

with riverine buffalo, and the improved breed of Bulgarian Murrah buffalo. Nucleotide sequence 

homology ranged from 98.6 to 100.0% and was lowest for IL-12p35 

Sena et al. (2003) studied the polymorphism in MHC DRB (Bubu-DRB) and DRA (Bubu-DRA) loci  

in four different breeds, three of river buffalo and one of swamp buffalo.  Eight alleles of Bubu-

DRB were found, common to both swamp and river types. Water buffalo contained two alleles of 

DRA that differed from each other in two amino acid positions nevertheless in other ruminants this 

region is highly conserved. Mosafer et al. (2012) studied the DNA polymorphism of the BoLA-

DRB3.2 gene in Iranian Mazandarani Buffalo, finding 12 alleles, among which two appeared to be 

new.  

RNA 

Very few cDNA sequences are present in the genomic databases. In NCBI it is possible to retrieve 

only 132 RNA annotated sequences. On the other hand, only 1825 unannotated RNA sequences for 

water buffalo are deposited in NCBI as ESTs. Of these, 767 are relative to mammary gland.  

Several papers deals with mRNA expression at specific genes. These belong to "production" related 

genes (e.g. Cosenza et al. 2011 assessed the mRNA level of the four casein fractions α(S1), β, 

α(S2), and κ in Italian river buffalo finding a different level of expression: 20.61%, 53.45%, 14.28% 

and 11.66% respectively); "health" related genes (e.g. Harrington et al. 2007 assessed IFN-gamma 

mRNA expression by quantitative real-time reverse transcription-PCR as a proxy for the diagnosis 

of tuberculosis); model/basic research genes (e.g. Tafuri et al. 2009 found expression of the 

hypothalamic peptide orexin A, which regulates feeding behaviour, neuroendocrine functions, 

sleep-wake cycle, and energy homeostasis and its receptor, in choroid plexuses)At the genomic 

level, two studies have been conducted so far using microarrays: Rao et al 2011 studied the 

mechanism of PGF2α-induced luteolysis. They found that the majority of the differentially 

expressed genes cluster within processes like steroidogenesis, cell survival and cell 

differentiation.Zhang Y, Zan L, Wang H 2009-2012 in an unpublished report (NCBI GSE19586) 

studied the Guangxi buffalo using an heterologous (bovine) microarray to compare muscle tissues 

gene expression profiles in Yak and Bos taurus.  

Strozzi F. (personal communication) sequenced the full transcriptome from 31  tissues with the aim 

to annotate the buffalo genome (see "Genome"). A paper will be published soon and data will be 

deposited in databases. 



Genome 

Three projects have been registered in NCBI to characterize the full genome of Buffalo Tantia et al 

(2011) produced a full genome assembly based on bovine genome sequence. The assembly has a 

read depth of 17-19X. The buffalo assembly represents ~ 91%-95% coverage in comparison to the 

cattle assembly Btau 4.0. The assembly has 185,150 contigs with the median contig length of 2.3 

Kb and the largest contig length of 663 Kb. 

Another project is led by the Ome Research facility, Department of Animal Biotechnology, College 

of Veterinary Science and Animal Husbandry, Anand Agricultural University, India, which used the 

454 GS FLX Titanium Roche platform. They also used cattle as reference and in particular the Bos 

taurus assembly Btau_4.6.1. So far the assembly is 1,498,523 bp long. 

A joint effort between the National Bureau of Animal Genetic Resources (NBAGR) in Karnal; the 

Central Institute for Research on Buffaloes (CIRB) in Hisar; and the Animal Science Division of 

the Indian Council of Agricultural Research (ICAR) produced two experiments with 24.6 G bases 

and 92.8 G bases sequenced respectively. No data of assembly have been found. 

At least two other projects exist of full genome sequencing: 

BGI (Beijing Genomic Institute) and Lal Teer Livestock (Pakistan) announced in early 2012 a 

collaboration to gain a better understanding of the water buffalo by the full genome sequencing 

(http://www.genomeweb.com/sequencing/bgi-lal-teer-partner-water-buffalo-research). 

An Italian consortium led by Parco Tecnologico Padano (PTP) in collaboration with USDA and 

other International partners (Mancini et al 2012) has obtained over 900M Illumina reads, of which 

about 35% were 5K jump libraries, and 13M 454 reads, of which about 30% were mate pair. The 

total clone coverage was more than 40X. Annotation is supported by RNA-seq data which has been 

produced from 31 tissues, giving over 700M reads. Variation discovery is in progress by 

sequencing samples from different breeds of river and swamp buffalo. 

Tools 

Amaral et al. (2007) constructed a 5000-rad whole-genome radiation hybrid (RH) panel for river 

buffalo. Preliminary maps were build for BBU3 and BBU10 chromosomes. Later on (Amaral et al 

2008) a total of 3990 markers were typed on the BBURH5000 panel, of which 3072 were cattle 

derived SNPs. Other 918 sequences were  cattle sequence, including coding genes, ESTs, and 

microsatellites. 



Michelizzi et al. (2010b) employed the Illumina BovineSNP50 BeadChip in buffalo. They found 

that 41,870 of the 54,001 SNPs are fully scored on all ten water buffalo individuals typed. However, 

only 1,159 SNPs were polymorphic in the species. These results indicate that the SNPs sites, but not 

the polymorphisms, are conserved between cattle and buffalo. 
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Introduction 

 

Inherent reproductive problems (delayed puberty, higher age at first calving, 

long post partum anoestrus period, long intercalving period, poor detection 

of heat and low conception rate) limit the productivity of buffalo, an 

important worldwide species in terms of milk and meat production as well 

as draft. Assisted reproductive technologies (ART) have been introduced to 

overcome these problems, to increase the number of offspring from selected 

females, and to reduce the generation intervals in buffalo. 

Initial efforts, for the past decade, were focused on upgrading the native 

buffaloes primarily through the use of Artificial Insemination (AI) that is 

basically a reproductive tool which harnesses the potential of outstanding 

males or sires. To date, it remains as a widely and extensively used 

technique in buffalo reproduction but the conception rates are lower when 

compared to cattle. 

However, recently, studies in this field have revealed a promising increase 

in the efficiency of synchronization protocols for AI linked to more 

acceptable pregnancy rates. Continuous attempts to expand and increase the 

efficiency of AI have concentrated on a range of aspects, including reducing 

sperm number/insemination and insemination technique and timing. 

Meanwhile, the potential of reproductive techniques in harnessing female 

germplasm was seriously pursued by several Reproductive Biotechnology 

Researcher during the past years. These techniques, which allow maximum 

utilization of superior female buffaloes, include Multiple Ovulation-Embryo 

Transfer (MOET), In Vitro Embryo Production (IVEP) and Embryo 

Cryopreservation which generated successful pregnancies and live births 



 

both in the institutional and village herds. Recently, a far more exciting 

development in animal biotechnology is cloning by Somatic Cell Nuclear 

Transfer (SCNT). This is mainly aimed at enhancing the propagation of 

genetically outstanding dairy. However, the efficiency of this technology is 

generally low, and so far, very few developments to full term was achieved 

with the current cloning protocols. A great deal of research is still needed to 

make this technique a practical and applicable tool for livestock production. 

A particular reproductive technology applied in buffalo reproduction is the 

Ultrasound-Guided Transvaginal Oocyte Retrieval, also known as Ovum 

Pick-UP (OPU). It is normally used in tandem with IVEP system which 

includes In Vitro Maturation of the OPU-derived oocytes, In Vitro 

Fertilization and Culture (IVM/IVF/IVC). These techniques offer a great 

potential in reducing genetic interval and producing more offspring from 

superior female animals. To date several transfers had been made out of the 

OPU-derived embryos and embryo transfers made to some surrogate 

females resulted in successful pregnancies.  

Cryopreservation of embryos is a component-technique of IVEP. The two 

main methods employed by the laboratories for embryo freezing are the 

conventional slow freezing and vitrification, and each has its specific 

application. The OPU-derived buffalo embryos are commonly 

cryopreserved for synchronized transfer later. 

Recent advancements in ART generally propelled the demand for oocytes 

both for research and production purposes. Cryopreservation of oocytes, 

however, has been a challenging research endeavour as it is widely known 

to be difficult than cryopreservation of embryos. Oocyte cryopreservation 

has an enormous potential application and utilization in buffaloes which 

include in-vitro fertilization of frozen oocytes for embryo production and 

transfer, as an alternative source of recipient oocytes for nuclear transfer, 

and a germplasm material for cryobanking.  

A procedure known as the Intra-Cytoplasmic Sperm Injection (ICSI) 

involves the mechanical injection of single sperm into the oocyte, usually 

done manually or with the aid of a Piezo machine. This technique will be  

used in an attempt to enhance in-vitro fertilization of OPU-derived and 

cryopreserved oocytes with the semen from superior bull. 



 

Moreover, the prospect of using sex-sorted buffalo semen for production of 

dairy buffaloes is also being pursued. The sexed-semen can be used in 

synergy with the various reproductive in vitro techniques for embryo 

production or can be used directly for artificial insemination to produce 

female animals for dairy.  

To date enormous efforts is continually being exerted to harness the 

potential of these reproductive biotechnologies in accelerating genetic 

improvement towards increased productivity of water buffaloes aimed 

ultimately at improving the lives of millions of farmers in the world. 

 

ASSISTED REPRODUCTIVE TECHNOLOGIES (ART) 

 

1. Artificial insemination (AI):  

The Artificial Insemination (AI), used all over the world in all animal 

species, is critical to enhance the paternal contribution to genetic 

improvement. However, the use of AI in buffalo breeding is limited due to 

traditional lower conception rates when compared to cattle. The conception 

rate in field AI programmes in developing countries is very low, and 

therefore the desired effect in terms of animal improvement has not been 

achieved. Most semen banks still evaluate semen on the basis of sperm 

motility, even though significant advances have been made in techniques for 

semen evaluation. Although detailed guidelines are available regarding the 

processing, storage and thawing of cattle (Vishwanath and Shannon, 2000) 

and buffalo semen (Sansone et al., 2000), the processing and handling 

procedures in laboratories processing semen are often inadequate. Only 

when farmers have access to considerably better technical and 

organisational facilities will AI become more effective. At present, the 

efficiency of the technology is limited by organisational and logistical 

constraints and by the failure to provide appropriate training for farmers.  

Continuous attempts to expand and increase the efficiency of AI have 

concentrated on a range of aspects, including insemination technique and 

timing. 

Several modifications of the technique have been suggested to increase the 

conception rate. Synchronisation with different compounds (PGF2α-



 

prostaglandin2α, GnRH-gonadotrophin releasing hormone, CIDR-controlled 

internal drug relesing device, PRID-progesterone releasing intravaginal 

device, CRESTAR-progestagen ear implant) have been used to synchronize 

the follicular wave and/or luteal regression., The use of gonadotropin-

releasing hormone (GnRH) followed seven days later by prostaglandin F2α 

(PGF2α) can synchronise oestrus and improves the conception rate (Barile 

et al., 2004; De Rensis et al., 2005; Chaikun et al., 2010; Karen and 

Darwish, 2010 ). This protocol, called the ‘Ovsynch’ programme, through 

the injections of GnRH on day 0, of PGF2α on day 7 and of GnRH on day 9 

(Figure 1) synchronises ovulation, permitting timed insemination. The 

ability to control ovarian follicular and corpus luteum development has 

allowed insemination in buffalo to be timed without having to detect 

oestrus, and this has increased the net revenue per cow. 

 

Figure 1. Ovsynch treatment scheme for buffalo ovulation synchronization 

(DF = Dominant Follicle) 

 

2. Multiple Ovulation and Embryo Transfer (MOET).  

One of the major reproductive technologies that can facilitate genetic 

improvement in farm animals is ET and studies on multiple ovulation and 

embryo transfer (MOET) in buffaloes are essentially a replica of those in 

cattle. Through semen collection, dilution and storage an AI bull can sire up 

to 100,000 calves in any one year, thus making a significant contribution to 

genetic improvement. In relative terms the genetic contribution of the cow, 

irrespective of her genetic value, is significantly less. Despite the fact that 

the ovaries of any cow contain tens of thousands of oocytes or immature ova 



 

each capable of being fertilised, nevertheless, each cow normally produces 

only a single calf per year, or an average of 4 to 5 calves her lifetime.  

Over the past years, methods of recovering, storing, and implanting cattle 

embryos have been advanced. It is now possible to recover non-surgically, 

in cows, up to thirty embryos at a time, though average yield is about 5.5; 

high between-animal variability in embryo yield remains a problem. 

Freezing in liquid nitrogen and thawing have relatively small affects on 

viability. The chief benefit of increasing reproductive rates of selected cows 

is that genetically outstanding cows can contribute more to the breeding 

program. The MOET technology has opened exciting new possibilities in 

enabling the introduction of breeding schemes where a nucleus breeding 

herd can provide an economical method of interpolating the desired 

production traits. With these MOET schemes increases of about 10% in 

expected rate of genetic gain are possible. In principle, MOET type nucleus 

breeding schemes should have significant advantages in developing 

countries where the absence of on-farm recording makes conventional 

progeny testing impossible. This is particularly true for milking buffalo 

populations which do not have the option, available in cattle, of cross-

breeding with highly selected breeds. MOET schemes do involve a high 

level of organisation and management to be effective, both centrally and in 

the necessary wide dissemination of the realized improvement over time to 

the farming community; it is a technology that requires expertise in many 

areas and it includes several consecutive stages such as the selection of 

donors (genetically superior and with normal reproduction), selection of 

recipients (of low genetic but high reproductive ability), hormonal treatment 

of the donors for the induction of superovulation, fertilization of the donors, 

embryo recovery from the donors, evaluation of embryos recovered and 

embryo transfer to the recipients by either surgical or non-surgical methods 

which would complete the pregnancy and give birth to a calf (Figure 2). 

While each stage is simple and usually a matter of common sense, it must be 

carried out properly in coordination with all preceding and subsequent steps, 

otherwise failure will result. 

 



 

 

Figure 2. Synopsis of bovine embryo transfer procedures (Available 

on:.http://www.cruachan.com.au/embryo_transfer.htm) 

Factors governing embryo transfer 

a) Selection of donor and recipient: the prospective donor must be 

reproductively sound, well-nourished, disease-resistant and viable in terms 

of superiority for draft-milk-meat for smallholders and draft-meat-milk 

production for ranch-type systems. Buffalo cows with congenital 

reproductive defects or other abnormalities such as endometritis and 

vaginitis, with irregular estrous cycles or those undernourished should not 

be used as donors. As demonstrated in cattle, donors with such problems 

either have low ovulation rates and/or low production of normal embryos. 

Recipients must have a proven reproductive performance, free of congenital  

or infectious diseases to obtain high conception rates and must have a sturdy 

body size to avoid problems of dystocia. They must also be healthy and 

assured of not being  pregnant. 

b) Superovulation: The production of sufficient number of viable embryos 

through the use of gonadotropins for embryo transfer and multiple births has 

been a subject of interest in buffaloes. The two generally accepted methods 

of superovulating buffalo are based on two different gonadotrophins, 

although there are many minor variations of these methods. The simplest is 



 

to give an intramuscular (i.m.) injection of 1 800–3 000 IU (usually 2 000–2 

500 IU) of pregnant mare's serum gonadotrophin (PMSG) (Figure 3), more 

correctly designated equine chorionic gonadotrophin (eCG), followed by a 

luteolytic dose of prostaglandin F2 alpha or an analogue i.m. two to three 

days later. A second prostaglandin injection is often given 12–24 hours after 

the first, and seems to improve embryo production. 

The second method of superovulation is to give eight to ten injections of 

follicle stimulating hormone (FSH) subcutaneously (s.c.) or intramuscularly 

(i.m.) at half-day intervals (Figure 4). Intramuscular injection is more 

reliable under field conditions. As with PMSG, prostaglandin F2 alpha is 

given 48–72 hours after the start of treatment with the fifth, sixth, or seventh 

FSH injection.  

The use of either pure FSH or a controlled FSH -LH mixture plus GnRH 

and its analogues and/or an anti-PMSG, if PMSG is to be used, may 

improve the donor ovulation response. 

 

 

Figure 3. Examples of the use of PMSG in donor cows 

 

 



 

 

Example 1. 

 

Oestrus synchronisation in donor cows with the use of progestagens and 

FSH 

Example 2. 

 

Oestrus synchronisation in donor cows with the use of prostaglandins and 

FSH 

Figure 4. Examples of the use of FSH in donor cows 

c). Estrous synchronization of the recipient: Estrous synchronization has 

become a beneficial tool in the buffalo industry as it facilitates artificial 

insemination. It is achieved by using PGF2a or its analogues through double 

injection at 11-day intervals  or exogenous progesterone given in the form of a 

progesterone releasing intravaginal device (PRID). After 8 -12 days in situ, 

withdrawal of the PRID will allow follicular development through the 

removal of the negative effect on the gonadotropin secretions. Thus, all 

treated buffaloes are expected to start the cycle in a synchronized fashion. 

Recipients should be reproductively sound with no history of infertility. Culls 

or animals that have failed to conceive under normal breeding conditions 

should not be used as recipients. 



 

d) Recovery of embryos: the techniques used are all modifications 

developed in cattle. The number of embryos that are expected to be present 

can be estimated by counting the corpora lutea by rectal palpation or by 

ultrasound. Embryos are flushed from the uterus using a catheter (Figure 5). 

The catheter is passed through the cervix into the uterine horn to a precise 

position. It is held in place by the inflation of a small balloon [cuff]. Special 

sterile media is then washed through to uterus to dislodge the embryos. They 

are collected into a sterile embryo filter. The filter is then transferred to the 

laboratory and the embryos located using a stereomicroscope. The embryos 

recovered can be transferred fresh to suitable recipients or frozen for later 

use. 

 

 

 

 

 

Figure 5. Non-surgical recovery of embryos technique (Available on 

:aagenetics.com.au) 

The method of embryo transfer is now a routine practice in cattle breeding 

in many countries of the world. Its application in buffalo breeding started 

with the birth of the first calf as a result of embryo transfer (Drost et al., 

1983). 

There are, however, differences between the two genera which cause the 

results to be less successful in buffaloes. Among the inherent differences 

are: 

 Generally lower fertility of buffaloes. This is largely due to lack of 

selection of breeding stock for specific production characteristics, e.g. 

milking ability. Problems of delayed puberty and prolonged calving 

intervals can be overcome with adequate nutrition, parasite control and 



 

disease management, as has been shown in the excellent milk buffalo herds 

in Italy.  

 Superovulation is even less predictable in buffaloes than in cows. An 

optimal treatment regimen with either FSH or PMSG has not been 

determined.  

 The application of ultrasonic imaging has revealed that the buffalo ovary 

has a smaller population of recruitable follicles than cattle (Terzano et al., 

2005, Campanile et al., 2010). The relatively small number of follicles, 

typical of follicular waves in buffaloes, could be related to the smaller pool 

of primordial follicles reported for buffalo heifers (12,636) compared with 

cattle (100,000) (Danell,1987). Buffalo heifers also tend to have a greater 

rate of follicle atresia (67%; Danell, 1987) relative to cattle (50%; 

Rajakoski, 1960). The number of antral follicles in swamp buffaloes was 

reported to be only 20% of antral follicles in cattle (Le Van Ty et l., 1989). 

The same Authors observed that the number of non-atretic follicles 

(>1.7 mm) was between 1 and 5 (average 3) for buffaloes and 17 and 32 

(average 22) for cattle.  

 Estrus detection in buffaloes is problematic because overt signs are few. 

All available techniques (Suthar and Dhami, 2010) should be employed, 

including use of a vasectomized bull, heat mount detector, pedometer, 

automated system, vaginal probe, body temperature, CCTV (Close Circuit 

Television), HeathWatch system, transrectal palpation and ultrasonography. 

However, none are substitutes for visual observation. The main problem of 

automatic oestrus detection is to reduce the presence of false positive alerts, 

thus the combination of more methods is desirable. 

 Accurate determination of the onset of estrus (estrus = Day 0) is critical 

for precise determination of the stage of development of the embryo, as the 

onset of estrus is used as a reference point for the age of the embryo. 

 Embryo development is more rapid in buffalo than in cattle (Drost and 

Elsden, 1985; Karaivanov et al., 1987). The consequence of this fact is that 

buffalo embryos must be collected between five and six days after the onset 

of oestrus (versus day 7 in the cow). The negative implication of this is that 

on day 5 the corpus luteum has not yet reached full development, is small 

and relatively soft and hence difficult to identity. This is in addition to the 



 

fact that the corpus luteum of the buffalo is already smaller and more deeply 

embedded (therefore more difficult to palpate) than that of the cow. This 

difficulty extends to the proper evaluation of synchronized recipients on day 

5, in order for the embryo to be transferred to the horn ipsilateral to the 

corpus luteum. (Drost, 2007). The use of ultrasonography has became a 

valuable adjunct.  

For the above mentioned characteristics the application of MOET in buffalo 

still leads to poor yield of embryos compared with cattle (Madan et al. 1996; 

Beg et al. 1997; Carvalho et al. 2002; Drost 2007): the response in terms of 

transferable embryo recovery has remained low with 0.51 to 3.0 per donor 

and pregnancy rates is between 15-30%.  

Since the MOET treatment can be repeated every 8 weeks one female 

buffalo could potentially produce 6.5 to 18 embryos per year.  

Several attempts (Misra and Tyagi 2007) have been performed in order to 

increase the number of recovered embryos from single donor and many 

pharmacological protocols (Beg et al. 1997; Zicarelli 1997a; Carvalho et al. 

2002; Misra and Tyagi 2007) have been used, without obtaining significant 

results. However, it has been demonstrated (Baruselli et al., 1999; Carvalho 

et al. 2002) that several superovulation schedules result in the growth of a 

high number of ovulatory follicles (mean of 15 follicles > 8 mm), together 

with a relatively high ovulation rate (50-70%; approximately 9 CL), 

although embryo/ova recovery rate is very low (13-35%). Therefore, it has 

been supposed that the transport of ova and embryos within the oviduct may 

be compromised (Carvalho et al. 2002) by the relatively high concentration 

of circulating estradiol during MOET protocols in buffaloes (Beg et al. 

1997),  negatively affecting the action of fimbriae and the recruitment of 

oocytes (Misra et al. 1998).  

Embryo transfer (ET) techniques are very effective for the propagation of 

superior genes. This technology has been in use for several years, and 

allows breeders of livestock to share their most valuable germplasm at an 

international as well as a domestic level without depleting their genetic base. 

Embryo movement provides a humane alternative to the stress of 

transporting live animals. Research to date has shown that this method of 



 

moving genetic material can be very safe with regard to preventing the 

introduction of infectious diseases into previously unaffected populations. 

 

3. In Vitro Embryo Production (IVEP) and Embryo Transfer 

Laboratory production of embryos (IVF technology) provides an excellent 

and inexpensive source of embryos for carrying on basic research in 

developmental physiology, farm animal breeding, and for commercial 

application of the emerging biotechniques like cloning and transgenesis. 

During the past two decades, considerable advancements have been made as 

a result of continuous scientific effort. However, various previous reviews 

(Gasparrini, 2002; Nandi et al., 2006; Palta and Chauhan, 2008) and recent 

studies suggest that the rate of transferable embryo yield remains at a 

plateau (Jamil et al., 2007; Manjunantha et al., 2007; Anand et al., 2008, 

2009). There are many laboratory-to-laboratory variations, and there is a 

need to analyze the conditions, protocols, and factors that affect the 

successes rate of IVEP in buffalo (Suresh et al., 2009). 

The IVEP of buffalo embryos is a valid alternative to recovery of embryos 

by superovulation. These combined technologies represent the very first 

reproductive tools used successfully in buffalo reproduction. This is 

basically a multi-step process which involves first the in vitro maturation of 

oocytes. Research into IVEP in buffalo has largely carried out on oocytes 

recovered from slaughterhouse but, in this situation, the donors had usually 

very little to offer in terms of genetic superiority. The use of 

ultrasonography has allowed the immature oocytes to be collected in the live 

cow. This process, called transvaginal ovum pick-up or OPU (Figure 6), 

 

Figure 6. Tranvaginal Ovum Pick-up (OPU) 

 



 

now allows oocytes to be harvested from animals of high genetic merit as 

often as twice weekly and over several months. Furthermore, the OPU 

technique can be performed in non cyclic females, in pregnant cows, in 

subjects with patent oviducts or genital tract infections, in animals not 

responsive to hormonal stimulation. It can also be employed as a means of 

obtaining embryos from clinically infertile but valuable animals.  

Frequent collections means that following IVF a donor cow can potentially 

produce several pregnancies in one year, significantly increasing the female 

contribution to genetic improvement programmes. It is a technology that 

requires expertise in many areas and it includes several consecutive stages 

such as: oocyte source and quality, oocytes in vitro maturation, in vitro 

fertilization, in vitro colture and embryo transfer or embryo 

cryopreservation.  

The IVM, IVF and IVC (Figure 7) are also integral parts of a number of 

other reproductive technologies like embryo or somatic cell cloning, 

production of transgenic animals or production of embryonic stem cells etc., 

which are expected to bring about a quantum jump in the population of 

superior genetic merit buffaloes  
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Figure 7. In vitro embryo production diagram 

 



 

Oocytes collection and quality : The major intrinsic limitation of IVEP 

technology lies in the low number of immature oocytes that can be 

recovered per donor. The mean number of oocytes collected per ovary was 

approximately 0,4-1,9, as reported in several studies (0,4 by Totey et al., 

1992 and Madan et al., 1994; 0,6 by Das et al., 1996; 0,9 by Kumar et al., 

1997; 1,8 by Samad et al., 1998 and 1,9 by Mishra et al., 2007a). In Italy the 

controlled follicular aspiration of abattoir-collected ovaries allows the 

retrivial of 2,4-3,3 oocytes (Gasparrini B., 2007). These differences may 

depend on genetic, nutritional, environmental and stressful conditions. 

The recovery rate is therefore lower than in cattle in which 10 good quality 

oocytes are obtained on average per ovary (Gordon, 1994). Similarly, a low 

number of oocytes is recovered when OPU is performed in buffalo 

compared to cattle (4,5 vs 10, respectively, Galli et al., 2000). 

Neglia et al. (2003) found out that retrieval of good quality oocytes was 

lower in OPU than aspirating from slaughter house-derived ovaries but of a 

higher blastocyst yield (29.7% versus 19.9%; P<0.05). Also, embryos 

arrested at tight morula stage (11.1%versus 22.3%; P<0.05) was of a lower 

proportion in live animals than abattoir ovaries. However it has been 

reported that the number of competent oocytes may be increased by 

selecting donors on the basis of their follicular population (Sà Filho et al., 

2005).  

Oocytes quality affect the IVEP efficiency in most species: it plays a 

determinant role in buffalo, further reducing the availability of the oocytes 

suitable for IVEP. The oocyte morphology ( Figure 8) can be used, with a 

certain reliability, to predict the gamete developmental competence. Neglia 

et al., (2003), recorded a progressive decrease of efficiency from grade A to 

grade D oocytes, with grade A and B suitable for IVEP. The oocytes quality 

may be affected by several factors, such as the aspiration pressure during 

collection, the source of gametes, the time between collection and 

processing, the temperature during transportation, season, etc. In this 

connexion it was speculated that the better developmental competence of 

OPU-derived oocytes is related to the shorter exposure to environmental 

stress and in the lower time interval between ovary collection and 

processing in laboratory. 



 

 

Figure 8: Morphological classes of immature cumulus-oocyte complexes 

recovered from ovaries. A1: oocytes surrounded by a dense cumulus. A2: 

oocytes surrounded by a translucent cumulus. B1: oocytes surrounded by the 

corona radiata. B2: partly naked oocytes with some remaining cumulus cells. 

C: naked oocytes. D: oocytes surrounded by a dark cumulus. (Alvarez et al., 

2009) 
 

In vitro maturation (IVM): The oocytes IVM process, that invests both the 

nuclear and cytoplasmic compartments, triggered in vivo by the 

gonadotrophin surge, is imperative for the gamete to acquire full 

developmental competence: the IVM system  has been greatly improved 

over the years, leading to 90 % maturation rate. Buffalo oocytes can be 

matured in vitro in complex media, such as Tissue Culture Medium 199 (the 

most widely used) and Ham’s F-10, supplemented with sera, hormones 

(gonadotrophins and 17β-estradiol) and other additives. In order to reduce 

IVEP costs, buffalo follicular fluid, a waste product of oocyte collection, has 

been used in replacement of expensive hormones and serum additives, 

obtaining comparable maturation, fertilization and blastocysts rates 

(Chauhan, 1997). It has also been reported that supplementation of the IVM 

medium with epidermal growth factor (EGF) improves cumulus expansion, 

nuclear maturation and cleavage rate of cumulus-enclosed buffalo oocytes 

without affecting the post-fertilization embryonic development (Chauhan et 

al., 1999).  In particular, the enrichment of the IVM medium with thiol 

compounds, known to act as antioxidants factors by stimulating glutathione 

(GSH) syntesis, has highly improved the IVEP efficiency. It has been 

suggested that the measurement of GSH at the end of IVM can be a reliable 

indicator of the cytoplasmic maturation (De Matos et al., 1997). The 

important role of antioxidants factors during IVM has been confirmed by the 

improved blastocyst development recorded by supplementing the IVM 



 

medium with taurine and melatonin. Among factors affecting mammalian 

embryo development in vitro, the duration of IVM plays a critical role, since 

an inappropriate timing of maturation results in abnormal chromatin 

(Dominko and First, 1997), oocyte aging (Hunter and Greve, 1997) and 

reduced development (Marston and Chang, 1964). In this regard, it appears 

that the optimum time for in vitro fertilization (IVF) is at completion of 

meiosis that is known to occur at different times in different species, varying 

from 18-24 h in cattle (Neglia et al., 2001) to 36-48 h in pigs (Prather and 

Day, 1998). In buffalo, the optimal time for IVF appears to be at 18 h post-

IVM or, in any case, not later than 24 h. 

In vitro fertilization (IVF): Many factors may affect the in vitro fertilization 

efficiency, such as the sperm viability and capability, the adequate in vitro 

environment for gamete survival, the appropriate time of insemination, the 

duration of gametes co-incubation, the presence of cumulus cells and the 

acquisition of the oocyte developmental competence during the complex 

process of cytoplasmic maturation. However the major factor impairing IVF 

in buffalo is the bull effect, consisting in the high degree of variation 

between buffalo bulls in the fertilizing capability in vitro (Totey et al., 

1993). It has also been demonstrated that marked differences in the kinetics 

of sperm penetration exist among buffalo bulls and that this parameter can 

be a useful marker to predict the in vitro fertilizing ability. Sperm need to 

undergo capacitation to acquire the fertilizing ability. Although heparin is 

the in vitro capacitating agent most widely used, a significant improvement 

of sperm capacitation has been obtained by incubating sperm with biological 

fluids, such as buffalo estrus serum (BES) and the follicular fluid (FF) 

recovered from a pool of dominant follicle (Boccia et al., 2005). Sperm 

treatment with both BES and FF has resulted in a significantly higher 

incidence of AR (Acrosome Reaction) sperm than with heparin treatment 

(84,3, 94,5 vs 50,1%, respectively), regardless of the incubation times. The 

duration of gamete co-incubation during IVF may affect embryo 

development: it has been reported that the optimal sperm-oocyte co-

incubation time for maximizing the blastocyst yield in buffalo is 16 h 

(Gasparrini et al., 2008). Mariotti et al., (2010) have recently demonstrated 

that osteopontin (OPN), a protein present in the oviduct fluid and in the 



 

semen, improves capacitation and enhances both cleavage rate and 

blastocyst yields. Finally, it is worth pointing out that, after many fruitless 

attempts to increase cleavage rate in this species, the fertilization efficiency 

has at last improved, reaching approximately 80% of cleavage rate, by 

enriching the IVM medium with cystine and cysteamine. 

In vitro culture (IVC): A well known defined medium, such as the Synthetic 

Oviduct Fluid (SOF) has been utilized for embryo culture in this specie 

since 1999 (Boni et al.,), obtaining higher blastocyst rates compared to the 

co-culture system with BRL cells (13.5% vs 7%). Subsequently, buffalo 

zygotes/embryos have been successfully cultured either in SOF and in 

another defined cell-free system, known as Potassium Simplex Optimized 

Medium (KSOM) with similar embryo development (Caracciolo di Brienza, 

2001). At present, the original version of SOF remains the most suitable 

medium for embryo culture in buffalo. The great improvement of blastocyst 

yields (35-40%) achieved in the following years is, according to Gasparrini 

et al., (2007) experience, due to the optimization of the IVM and the IVF 

systems rather than to modifications applied to the IVC system. 

Nevertheless, it has been demonstrated that energy requirements of buffalo 

embryos are different from those of sheep and cattle. These findings 

highlight the importance of identifying species-specific requirements in 

order to optimize the in vitro culture conditions for buffalo embryos. 

Buffalo embryos in vitro develop approximately 12-24 h earlier than cattle 

embryos (Galli et al., 2000) and this pattern of development reflects that 

observed in vivo (Figure 9). 

Figure 9: In vitro embryo production: the buffalo model (modified from 

Gandolfi, 2010) 

 

 



 

Embryo transfer: On the viability of in vitro-produced buffalo embryos after 

transfer, successful pregnancies and calf birth were obtained after transfer of 

fresh embryos to recipient females (Madan et al., 1991; Chauhan et al., 

1997a; Ocampo et al., 1996; Mattapallil et al., 1998; Galli et al., 2001; 

Duran et al., 2004). Pregnancy rates following transfer of frozen embryos 

average 25 to 30 %. However, success rate in terms of birth of calves has 

been low (1.0 to 10.0%). 

 

4. Cryopreservation of embryos and oocytes.  

Preservation of female genetics can be done through the preservation of 

germplasm (embryos and oocytes ). Cryopreservation of embryos is a 

component-technique of in-vitro embryo production: it is a multistage 

process incorporating a cryoprotectant or antifreeze and the thawing and 

transfer of embryos is carried out in a manner similar to frozen-thawed 

semen. The two main methods employed by the laboratory for embryo 

freezing are the conventional slow freezing and vitrification, and each has 

its specific application. The OPU-derived buffalo embryos are commonly 

cryopreserved for synchronized transfer later. Buffalo embryos that were 

entirely produced in vitro have been successfully cryopreserved by 

vitrification, as demonstrated by their survival following in vitro culture 

(Gasparrini et al., 2001) and development to term after ET (Neglia et al., 

2004; Duran et al., 2004; Sà Filho et al., 2005). (Figure 10). A significant 

improvement of embryo survival rate following IVC of vitrified-warmed 

buffalo IVP embryos has been recently obtained by using minimum volume 

vitrification methods, such as Open Pulled Straw (De Rosa et al., 2006) and 

Cryotop (De Rosa et al., 2007) vitrification. Embryo cryopreservation 

represents the best tool to overcome the major problem affecting the 

commercial application of embryo transfer (ET) procedures, i.e. the limited 

number of suitable recipients, that is particularly accentuated in buffalo 

because of the lower response to hormonal stimulation and hence to 

synchronization treatments. Furthermore, because of the seasonality of the 

species, it is advisable to carry out the transfers in the most favourable 

period for reproductive activity.  



 

Recent advancements in animal assisted reproductive techniques (ART) 

generally propelled the demand for oocytes both for research and production 

purposes. Cryopreservation of oocytes, however, had been a challenging 

research endeavour as it is widely known to be difficult than 

cryopreservation of embryos. Presently the cryopreservation of buffalo 

oocytes is seriously being pursued by several Research Unit with initial 

focus on developing an efficient protocol for buffalo oocyte freezing.  

Oocytes cryopreservation has became more successful using vitrification as 

an alternative to cryopreservation compared with slow cooling methods in 

recent years (Vajta and Nagy,2006). There are some improved vitrification 

methods which has been successfully used for oocyte cryopreservation such 

as Cryotop (Kumayama and Kato, 2000), Cryolop (Lane et al., 1999), Open 

Pulled Straw (Vajta et al., 1998), Glass Micropipette (Hochi et al., 1994), 

Microdrop (Papis et al., 2000), Electron Microscope Grids (Martino et al., 

1996) and Solid Surface Vitrification (Dinnyès et al., 2000). 

Since the first report on buffalo oocytes vitrification by using French Straw 

(Dhali et al., 1999), there are some recent reports regarding the 

cryopreservation of buffalo oocytes (Gasparrini et al., 2007; Gautam et al., 

2008, Mahmoud et al., 2008). 

Oocyte cryopreservation has an enormous potential application and 

utilization in buffaloes which include In-vitro fertilization of frozen oocytes 

for embryo production and transfer, as an alternative source of recipient 

oocytes for nuclear transfer, and a germplasm material for cryobanking.  

 

 

Figure 10. Riverine buffalo calves born out of in vitro-derived vitrified-

warmed embryos after non-surgical embryo transfer (Duran DH et al., 

2004). 

http://www.sciencedirect.com/science/article/pii/S0093691X03003315#gr2#gr2
http://www.sciencedirect.com/science/article/pii/S0093691X03003315#gr2#gr2


 

5. Semen sexing technologies.  

Because dairy heifer calves are significantly more valuable than bull calves, 

a reliable method of swaying the bovine sex ratio in favour of females is 

desirable in the dairy industry. Sexing technology takes advantage of the 

physiological differences between X and Y spermatozoa, favouring the 

presence of the desired kind of spermatozoa in the moment of fertilization 

and deviating the physiological sex ratio (Seidel and Johnson, 1999). Much 

research has been devoted to attempts to separate X from Y bearing sperm. 

Methods based on sedimentation, centrifugation, electrophoresis and surface 

antigens have all proved ineffective. Although the basic principles 

controlling the sex of mammalian offspring have been known for a 

relatively long time, recent application of flow cytometry sorting system 

(Figure 11) led to differentiation and separation of living X and Y 

chromosome-bearing spermatozoa (Garner and Seidel, 2008).  

 

Figure 11. Pre-determination of sperm sex has been a long term goal of the 

dairy and beef industries worldwide. Separation of bull sperm based on their 

DNA content, into male- and female- bearing fraction, has now been 

achieved with over 90% accuracy. 

This procedure, based on difference in spermatozoa DNA content (X-sperm 

contains 4% more DNA than the Y-sperm and this cannot be appreciated 

even under microscope) brought to a commercialization of this sexing 

technology. A number of companies now offer sex-sorted bovine sperm, 

subsequently, the use of sexed semen for AI is being widely commercialized 

in cattle. However, a great disadvantage of this approach is the high cost of 

the semen doses and the reduced pregnancy rates when compared with no-

sexed semen. Even though the efficiency of this technology continues to get 

better, at present, sexed semen is only available from relatively few selected 

bulls. Recently, this new strategy is being introduced in buffalo too. 



 

Pregnancies have been reported following AI of sexed sperm in 

Mediterranean Italian buffaloes (Presicce et al., 2005; Campanile et al., 

2011). One option for using sexed sperm is in vitro production (IVP) of 

embryos. In that regard, approximately 10–15 oocytes could be fertilized 

with 40,000–80,000 sexed buffalo sperm in vitro (Lu et al., 2007) and the 

blastocyst development rate (approximately 20%) was not significantly 

different from that achieved with unsexed sperm (Lu et al., 2007; Liang et 

al., 2008). Furthermore, transfer of presumed X-embryos into a recipient 

resulted in the birth of female twins (Lu et al., 2007), providing proof of 

concept.  

At present, there is no inexpensive method for commercially separating X- 

and Y-bearing bovine sperm cells. An American company produced a post-

thaw semen treatment product that attempted to alter the bovine sex ratio in 

favour of females. Although the ingredients are undisclosed, the 

manufacturer published internet resources supporting its efficacy.  The 

product works by enhancing the fertility of the X-chromosome bearing 

(female) sperm and slowing the motility of the Y-chromosome bearing 

(male) sperm. When inseminated, the sperm sort in the reproductive tract of 

the dam. The result is more ova fertilized by the X-chromosome bearing 

(female) sperm. The sex ratio would increased by 20-25%. This product 

requires a delay in timing of insemination, therefore using Ovsynch protocol 

cows have to be bred 24 hours after GnRH. If the results indicated from the 

producer company will be corroborate, the product could be an alternative 

approach to the sex pre-selection of offspring, with the advantage to be used 

with the semen of whatever bull. 

The practical application of sorted sperm, synergistically with other assisted 

reproductive technologies (ART; AI, ET, IVF, Cloning, Transgenics), could 

improve the efficiency of buffalo production both in biological and 

economic terms. 

 

 

6. Cloning by Somatic Cell Nuclear Transfer (SCNT):  

“Cloning by somatic cell nuclear transfer (SCNT) involves replacing an 

egg’s nucleus with the nucleus of an adult cell (or that derived from an 



 

embryo or foetus) to be cloned, and then activating the egg’s further 

development without fertilisation. The egg genetically reprogrammes the 

transferred nucleus, enabling it to develop directly into a whole new 

organism.”(Figure 12). The technology used to clone farm animals was 

developed by Willadsen (1986). He showed that nuclear transfer from 

embryonic cells into an enucleated egg cell of the same species can give rise 

to a whole embryo. This technique, called embryonic cell nuclear transfer 

(ECNT), also turned out to be of only minor relevance because the number 

of embryos that can be produced from an early stage embryo is limited. But 

Willadsen (1986), more or less, already established the technology as it was 

used by Wilmut et al. (1997) to create the cloned sheep called Dolly about 

ten years later, paving the way for the commercial application of cloning, 

and to increased research for the production of cloned embryos and 

offspring, derived from specialized somatic cells (Forsberg, 2005). The 

same scientific and commercial strategy behind the full exploitation of 

cloning by somatic cell nuclear transfer in livestock, lies ahead for the 

buffalo species. Although research on SCNT in buffalo started late and 

developed slowly, there have been a number of reports on oocyte activation, 

enucleation and cell fusion in buffalo ( Parnpai et al., 2002, Parnpai and 

Tasripoo, 2003; Saikun et al., 2004, Meena and Das, 2006; Simon et al., 

2006; Shi et al., 2007; Shah et al., 2008; Yang et al., 2010)). Stemming from 

the knowledge that interspecific as well as intergeneric cloned embryos can 

be obtained (Dominko et al., 1999; Lanza et al., 2000; Chen et al., 2002), 

bovine oocytes were used as a source of recipient cytoplasm for bovine-

buffalo intergeneric somatic cell nuclear transfer (Kitiyanant et al., 2000, 

2002;  Saikhun et al., 2002). Under such conditions, when using bovine 

cytoplast as recipient for either bovine or swamp buffalo fetal fibroblasts, no 

differences were reported when considering the rate of blastocyst 

development, although a lower cell number was recorded on the 

reconstructed intergeneric embryos ( Atabay et al., 2004). On the contrary, 

Nguyenet al., (2000) reported a reduced efficiency of swamp buffalo oocytes 

for cloning when compared with bovine cytoplast. In fact, higher rates of 

maturation, enucleation, fusion and activation were reported when using 

bovine recipient cytoplast and bovine cumulus cells as donor nuclei. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2007.00907.x/full#b5#b5


 

Saikhun et al., (2003) demonstrated the viability of reconstructed buffalo 

embryos by somatic cell nuclear transfer, by reporting the reprogramming of 

the telomerase activity which was shown to be at negligible levels prior to 

reconstruction. Pregnancies were obtained following the transfer of cloned 

embryos derived from buffalo fetal fibroblast, although such pregnancies 

were not carried beyond day 90 (Saikhun et al., 2004). Fetal development 

following somatic cell nuclear transfer in buffaloes is limited. As already 

observed in other species, such development failure in reconstructed buffalo 

embryos may be caused from aberrant epigenetic mechanisms. Such deviant 

patterns in cloned buffalo embryos have been shown to be of higher 

magnitude when compared with embryos derived from more traditional in 

vitro embryo production procedures (Suteevun et al., 2006). Altered patterns 

of epigenetic modifications in reconstructed buffalo embryos by somatic cell 

nuclear transfer may, therefore, be responsible for the low rate of reported 

morula and blastocyst development (Meena and Das, 2006). More recently, 

the production of two cloned swamp buffaloes derived from either fetal 

fibroblasts or adult granulosa cells was reported (Shi et al., 2006; Yang et 

al., 2010) (Figure 13). 

 

Figure 12. Procedure of cloning: 01- oocyte source, 02- donor animal to be 

clone, 03- derived oocyte, 04- derived somatic cell, 05- enucleated oocyte, 

06-culturing and propagating of the donor cells, 07- optionally genetic 

engineering of the donor cells can be performed at this stage, 08- fusion of 

nucleus of donor cell with the oocyte, 09- transfer of the artificial embryo 

into a surrogate mother,10- cloned offspring. 



 

 

Figure 13: First buffalo cloned called ‘India's 'Dolly’ 

 

APPLICATION OF ULTRASONOGRAPHY IN ART IN BUFFALO 

The application of transrectal real-time ultrasonography to the study of 

buffalo reproduction represents a technological breakthrough that has 

revolutionized knowledge of its reproductive biology. New research 

information generated through ultrasonic imaging has clarified the nature of 

buffalo complex reproductive processes including ovarian follicular 

dynamics (Baruselli, 1997), corpus luteum function (McDougall and 

Rhodes, 1999; Senatore et al., 2002) and fetal development (Terzano et al., 

2005). 

The ART mainly used by buffaloes producers are oestrus synchronization 

and fixed-time artificial insemination; in addition genetic improvement is 

also based in superovulation and embryo production. 

The first use of ultrasonography in ART was the assessment of fertility by 

means of early pregnancy detection (Pawshe et al., 1994) after treatments. 

Thereafter, the implementation of  transrectal ultrasonography for screening 

of follicular dynamics (Baruselli, 1997) represented a key step in the 

determination of the ovarian response to administration of hormones used in 

ART and the study of the factors modifying such response (Terzano, 2005). 

Protocols for inducing and synchronizing oestrus and ovulation, based in 

several pharmacological treatment (Barile, 2005) are commonly applied 

world-wide: these practices may be combined with artificial insemination. 

In the different activities developed by different researchers, 

ultrasonography was primarily used for assessment of fertility throughout 



 

detection of pregnancies and, thereafter, it was apply for the evaluation of 

follicular characteristics, determining the efficiency of the treatment and(or) 

for the assessment of the onset of ovulation which defines the time of 

artificial insemination  However, the most significant contribution of 

ultrasonography to ART has been related to the field of superovulation, 

embryo production and transfer. The screenings of follicular status at start 

the superovulatory gonadotrophin treatments, in terms of presence of large 

dominant follicles and size-distribution of the remaining follicles, and the 

changes during treatment (Figure 14) has allowed researchers to identify the 

important role of ovarian factors on superovulatory and embryo protocols 

(Misra, 1993; Misra and Tyagi, 2007) providing key information for the 

design and implementation of protocols enhancing embryo yields. In 

practice, ultrasonography is a useful tool for the clinical evaluation of both 

donor and recipient females prior to treatments, for the assessment of 

follicular status at the onset and during the execution of superovulatory 

programmes in donor females, and for the assessment of the quality of 

corpora lutea at embryo transfer and, later, pregnancy, in recipient females. 

 

Figure 14. Ultrasonographic image of the follicular population at 0 

(leftimage) and 60 h (middle and right images) of a superovulatory 

gonadotrophin treatment  

 

Recently, increased interest in the "in vitro" embryo-production (IVEP) 

technologies, for faster propagation of superior germoplasm, has led to the 

development of the transvaginal ultrasound-guided follicular puncture 

(Ovum pick-up or OPU): this latter technique, combined with the IVEP 

technology, has great potential for improving the genetic development of 

this species through the maternal lineage. Within this framework, 

transvaginal oocyte recovery by puncture and aspiration of antral follicles 

http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2010.01640.x/full#f13#f13


 

has become a routine procedure in most laboratories where IVEP is part of 

the services offered to breeders (Figure 15). The OPU technique is a non 

invasive and repeatable procedure for recovering immature oocytes from 

individual known donors. The possibility of collecting large numbers of 

meiotically competent oocytes, suitable for (IVEP), renders the OPU*IVEP 

technique competitive to Superovulation (SO) for embryo production. 

 

 

Figure15. Ovum pick-up technique in buffalo: (A) The cow is held in the 

enforcement case that facilitates rectal palpation. (B) An ultrasound probe 

with a long needle connected to a vacuum pump is passed through the 

vagina while the other hand holds the ovary by rectal palpation. (C) Real 

time ultrasound image. (D) Aspirated cumulus oocyte complex (E) Oocyte 

with incomplete cumulus cell layers (Marnoch, 2011) 

 

Practical applications of ultrasound also include detection of ovarian and 

uterine pathologies (Figure 16), determination of fetal age (Figure 17) and 

sex (Figure 18). Each of these applications presents opportunities for 

improving reproductive efficiency on a buffalo dairy farm.  

Extension education programs to train practitioners to use ultrasound for 

routine reproductive examinations are a critical step toward rapid 

implementation of this technology into the dairy industry. 



 

 

Figure 16. Image of flocculence representing purulent material in the lumen 

of the uterus. Although in heat this animal would clearly not be fertile. On 

palpation this uterus would feel identical to that of a normal uterus. 

 

 

Figure 17. Measurement of  Biparietal diameter (BPD) (left image) and 

Muzzle-Occipital length (MOL) (right image) 

 

 
Figure 18.Ultrasound image carried out on longitudinal (a), cross-sectional 

(b) and sagittal (c) scans of male (left) and female (right) fetal genitalia. GT, 

genital tubercle; T, tail; H, head, UC, umbilical cord (Quintela, 2011) 

 

 

Future Prospects 



 

In the past two decades, some developing countries have considerably 

invested on embryo biotechnology laboratories and skilled manpower 

toward adopting the technology as an important tool for the faster 

multiplication of elite buffaloes and their genetic improvement. 

Conventional in vivo embryo production technology can be effectively used 

for the production of breeding stock of buffaloes. However, much research 

still needs to be done in terms of improving the efficiency of embryo 

transfer, especially in respect to superovulatory response, embryo recovery, 

embryo freezing, and conception following embryo transfer. Despite some 

encouraging results, more studies and investigations are required to improve 

the efficiency of in vitro embryo and calf production so that the same could 

be used for research in the areas of sexing, cloning, transgenesis, stem cell 

techniques, and in the overall breeding programs for the genetic 

improvement of buffalo. 
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Introduction 

Artificial insemination (AI) is necessary to promote genetic improvement in farm animals, but 

problem of oestrus detection has limited its application in buffalo herds; moreover the small number 

of tested bulls respect to the bovine and the low conception rate obtained early on  AI program, 

have discouraged buffalo farmers to apply this technique. For these reasons the genetic 

improvement of the buffalo species is running slow. 

The first step in breeding and selection activity with regard to dairy animals is milk recording of the 

productivity of each animals. This step together with the progeny testing performed on young bulls, 

to select sire for use in AI breeding programs,   are considered important means to attain the genetic 

improvement of a species. A consistent number of recorded buffaloes is found in countries with 

highest presence of this species (India and Egypt), but the highest proportion of milk recorded 

buffaloes is found in Italy, although the number of buffaloes represent less then 10% of dairy 

animals (Moioli, 2005). 

In Italy, where animal recording are made and where there is the highest proportion of milk 

recorded buffaloes, the buffalo farming has been reaching remarkable productive standards (milk 

average production recorded in 2011 was 2223 kg, with 8.50% fat and 4.66% protein content; 

Italian Buffalo Breeders Association - statistical data, ANASB 2012).The most important business 

related to buffalo breeding is milk production, all of which is processed into mozzarella cheese, and 

the increased demand for this cheese both on the national and the international market have 

promoted the expansion of the number of buffaloes and farms  in Italy as well in other European 

Country.  

 

Despite remarkable productive standards obtained, the average yield per buffalo head did not 

improve to the same extent of that of the cow milk breeds for which a systematic genetic 
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improvement is carried out and high value proved semen is utilized. The success of genetic 

improvement programs is essentially based on the utilization of AI in the field. This necessary 

condition failed in buffalo breeding mostly due to the incorrect time of insemination. 

Oestrus behaviour in buffalo has a lower intensity than in cows and is therefore much more difficult 

to detect. Acceptance of the male is considered as the most reliable oestrus indicator. Frequent 

urination, bellowing, vulvar swelling, mucus discharge, are referred to be salient signs of oestrus 

but their expression, in buffalo, is extremely weak. Ovulation can not be predicted from oestrus 

behaviour signs because even when they are shown, they are not reliable. For these reasons the 

application of artificial insemination is limited in buffalo, considering that a high conception rate 

depends mainly on insemination at a correct time relative to ovulation. Moreover, although 

buffaloes are polyoestrus, their reproductive efficiency shows wide variation throughout the year. 

Buffalo cows exhibit a distinct seasonal change in displaying oestrus, conception rate and calving 

rate, therefore buffaloes calved during unfavourable season may not resume the ovarian activity 

until the following favourable season (Barile, 2005). 

 

Oestrus detection   

The oestrus period in the animals is the time during which the female will stand to be mounted by a 

male. Changes in the levels of circulating hormones, particularly oestradiol from the developing 

follicle, induces the behavioural changes associated with oestrus. In the cattle, the other cows of the 

herds will begin to take interest in the female in oestrus (sniffing her and resting  their chin on  her 

back) and will became more likely to mount her. There are several methods of heat mount detector 

that have been developed for use in cattle, where mounting behaviour is prevalent when a cow is in 

heat. However, none are substitutes for visual observation (Roelofs et al., 2010). 

 

1. Heat mount detectors 

One of the most common detectors, the KAMAR, consists in an adhesive pad which is glued to the 

cow’s rump, just forward of the tail head (Fig.1). The device is made up of a cylindrical plastic 

container of red dye inside a clear plastic capsule. The cylinder is hidden by an opaque cover under 

the capsule. Prolonged pressure (at least 3 seconds) from the brisket or chest of mounting animals 

will squeeze the dye out of the cylinder and the originally white detector will turn to red. This 

timing mechanism helps distinguish between true standing heat versus false mounting activity. 

Another commercially available aid to heat detection is the ESTROTECT (Fig.2). This device is 

self-adhesive and is placed between the hip and tail head. This heat detection aid was designed to 

indicate when cows are in standing heat in contrast to only showing when a cow has been mounted 



once for two or three seconds. The silver device surface is removed via friction each time a cow is 

mounted. When more of the fluorescent colour indicator is visible than the silver scratch-off 

surface, the closer the cow is to standing heat.  

An economical heat detection aid used by much U.S. dairy industry is called “tail-chalking” and 

involves only the small expense of an oil-based paint stick in a wide variety of colours. Cows are 

mark by making a line from the tail head. When a cow is just coming into heat and is being ridden 

but will not stand, the chalk will be slightly smeared. When she is in standing heat and being ridden 

repeatedly, the paint will be mostly rubbed off (Fig.3). 

 

 

 

 

Figure1. KAMAR® heat patches turn red when pressed. (Pictures from KAMAR® web site) 



 

 

Figure 2. ESTROTECT during different stages of use. (Pictures from ESTROTECT web site) 

 

 

 

 

Figure 3. Use of the tail-chalking. (Pictures from ALL-WEATHER® web site) 

 



In the buffalo, the female in oestrus are receptive to mounting activity mainly by the bull and 

occasionally by other cows. Unless a buffalo bull is to be left running with the herd it can be 

difficult to know when oestrus is occurring so that artificial insemination can be carried out. 

Moreover, in the buffalo the oestrus detection aids, such as pressure sensitive indicators placed on 

the sacrum like Kamar® or Estrotect™  mount detector or tail-chalking  detection aid, are 

unsatisfactory because wallowing or rubbing interfere with their efficiency. 

To solve the problem of heat detection in buffaloes we can make use of other techniques to control 

oestrus such as: teaser bull, automated systems or hormonal treatments. 

 

2. Teaser bull 

Teaser is a bull that is used to make sexual advances to cows and detect those that are on heat 

without being able to fertilize them. Various surgical treatments have been attempted to prevent 

intromission so physical mating could not occur (Fig. 4 and 5) (Vale et al., 1994; Wolfe et al., 

2009). These include penectomy, penis deviation and a device in the prepuce to prevent erection. 

The disadvantages of these procedures are that they require a long period of recuperation and the 

bull will soon lose libido due to discomfort at the surgical site upon erection of the stump, and in 

any case most of these methods are unacceptable because of animal welfare considerations.  

 

. 

 

Figure 4. Surgical procedure to prepare a teaser bull by lateral displacement of the penis. The 

isolated preputial tube is transferred and fixed in new preputial ostium opened in the lateral site, just 

above the fold of the flank. (Vale et al., 1994) 



 

 

 

 

Figure 5. Teaser bull with penis deviation (penis is in lateral position). The bull is incapable of 

gaining intromission while maintains libido and the ability to achieve erection. (Vale et al., 1994)  

 

 

More commonly bulls are altered through vasectomy (that consist in doing a caudal 

epididymectomy; Fig.6) (Morgan and Dawson, 2008), so they are able to copulate but not to 

impregnate cows (Fig.7 and 8). They are more effective if they are equipped with some device for 

marking the mounted cows, like a chain ball marker (Fig.9 and 10). This device is strapped on the 

underneath side of the chin of the bull. The marker consists of a paint reservoir with a steel ball 

valve, similar to a ball-point pen. When bull rides another animal, the chin ball marker is activated, 

and paint marks are left on the in-heat animal’s back. 

 

 

 

Figure 6. Sequence  of  surgical steps for a caudal epididymectomy to prepare a teaser bull. 

(Morgan and Dawson, 2008). 



 

The presence of a teaser bull is helpful to identify buffaloes in heat; in this case the standing oestrus 

is the most reliable sign referable to a next ovulation. Utilizing a teaser bull and inseminating the 

animals after the end of heat, Baruselli (1996) obtained a conception rate ranging from 40.44% and 

60.68% depending on farms. Zicarelli et al. (1997) reported that exposure to a vasectomised bull 

increase the pregnancy rate in buffaloes inseminated at spontaneous (42.5 vs 18.9%) or induced 

oestrus (51.1 vs 33.3%). Similar results were found from our group in buffaloes inseminated at 

spontaneous oestrus in presence of a vasectomised bull: pregnant cow rate was 56% in total and 

40% at first oestrus (Moioli et al., 1998). 

 

 

Figure 7. Use of teaser bull for oestrus detection: (a) phase of courtship. (Barile, 2005) 

 

 

 

 

Figure 8. Use of teaser bull for oestrus detection: (b) standing oestrus. (Barile, 2005) 



 

 

Figure 9. Use of teaser bull with chain-ball: when the colour mark is on the rump the buffalo 

cows is around the time of oestrus and not ready to be inseminated. (Baruselli, 2002) 

 

 

 

 

 

Figure 10. Use of teaser bull with chain-ball: when the colour mark is forward cow’ rump 

buffalo cow stands to be mounted showing that she is in heat. (Baruselli, 2002) 

 

 

3.  Automated systems 

New approaches are being developed to provide automated systems of detection of oestrus using 

electronic technology, such as pedometry and pressure sensing radiotelemetric HeatWatch
®
 system 

(Nebel et al., 2000; Brehme et al., 2008). 

 



The pedometer  is used along with a computer to determine how far an animal has walked (Fig. 11 

and 12). Animals in heat are usually restless and may walk long distances since cows in heat are 

more mobile and walk 2 to 4 times as far as non-oestrous cows. The pedometer is attached to the 

metatarsus of a leg proximal to the fetlock. It measures the average number of steps taken per hour 

since the previous milking. The receiver is attached to a pole in the milking parlour and the data are 

recorded daily during milking. The recorded data from each cow are processed by a software 

program to produce a graph that flags any deviation in the data of a given day from that cow’s own 

daily averages over the last 10 days. 

Studies on the efficiency of pedometers in buffalo oestrus detection have been carried out in Italy 

by Di Palo et al. (2001). Pedometer has been found to be very useful for AI, providing a greater 

number of alerts for spontaneous oestrus to be inseminated (conception rate at AI was 40%). The 

same researchers evaluating the sensibility of the system in the different months of the year, found 

that the number of detected oestrus decreased in the months with long  day length, indicating that  

oestrous behavioural was less intense thus lowering the system signal efficiency. (Renzulli et al., 

2005). They suggest that in order to increase the sensitivity of the pedometer oestrus detection 

system, the setting parameters should be modified in relation to the season. 

 

 

 

Figure 11. Buffaloes wearing pedometer. (Photos on courtesy of R. Di Palo) 

 



 

Figure 12. Milking parlour equipped with a receiver for reading pedometer signal: a software 

program gives an alert when the cow is supposed to be in heat. 

 

Heat Watch
®
 is a pressure sensitive telemetry device that is glued to the cow’s tail head. The 

device sends a radio telemetry message to a receiver to be recorded by computer every time a 

cow is mounted (fig 13 and 14). The message contains the date, time and animal ID. A cow is 

confirmed in heat if she is mounted 3 times within 4 hours.  

In buffalo this heat detection system needs to be associated with the use of a teaser bull, 

because buffalo cows are receptive to mounting activity mainly by the bull and occasionally by 

other cows. A study on oestrus detection using HeatWatch
®

 system has been carried out in Brazil 

by Baruselli (2001). The Author reports that the distribution of mountings during the day did not 

present significant differences, showing that buffalo present a homogeneous distribution of oestrus 

during the 24 hours of the day.  

 

 

Figure 13. The figure shows how the HeatWatch system works (from HeatWatch II® web site). 

a 
b c 



Components of the HeatWatch system are: (a) a miniaturized pressure-sensitive radio transmitter secured in 

a water resistant pouch attached to a nylon mesh patch that is glued on the cow’s tail head; (b) a signal 

receiver; (c) a buffer that stores activity data until it is downloaded to software that enables routinely 

generated management lists. 

 

 

Figura 14. Cow with HeatWatch® device on her rump: the transmitted signal can indicate when a 

cow is first mounted and the number of mounts received. 

 

 

During oestrus there is a raise in the volume and ionic content of vaginal mucus, consequently the 

electrical resistance of vaginal mucous increases. Several probes are available for measuring 

vaginal electrical resistance (VER) (Fig.15). One or two daily readings for several successive days 

are recommended for assured oestrus detection that depends on identifying the period when 

resistance is minimum and the following sharp rise. The rise in resistance indicates ovulation within 

a few hours and is the best period for insemination or mating (Fig.16). However, the animal 

handling requirements for twice daily measurement and the lack of automation make this method of 

limited applicability. 

The use VER probe to predict oestrus and ovarian activity has been studied by Gupta and Purohit 

(2001) on Indian buffaloes. They proved that VER can be used successfully to predict the stage of 

oestrous cycle, ovarian status and ovulation; insemination at a low VER distinctly improves the 

conception rate in buffaloes ( 81.48 vs 16.66% with 26 and 40 ohms respectively). 

 

 

 

 



 

 

 

 

 

Figure 15. Different VER probes available on the market. 

 

 

 

 

 

Figure 16. The fall of electrical resistance normally lasts for no more than 24 h. The rise in 

resistance indicates ovulation within a few hours and is the best period for insemination or mating. 

 

 

 

4. Hormonal treatments 

 

In order to increase the use of AI, easy management schemes, that not require the identification of 

oestrus, have been studied (Driancourt, 2001; Macmillan, 2010). These schemes are based on the 

manipulation of the hormonal events occurring during the oestrous cycle as: 



- manipulate peripheral progesterone concentration (use of prostaglandin or progestin); 

- manipulate follicular growth and timing of ovulation (use of GnRH). 

 

Progesterone produced by corpus luteum (CL), exerts negative feedback on the release of  

gonadotrophin so that the endocrine events leading to the maturation of  the preovulatory follicle 

and succeeding ovulation is inhibited until the progesterone drop and the regression of CL. 

Controlling the lifespan of CL, it is possible to control ovulation and to synchronize oestrus. There 

are two ways to control or mimic the lifespan of CL: 

a) by inducing premature luteolysis using luteolytic agents as the prostaglandins; 

b) by simulating CL function by long-term administration of progesterone or progestagens, 

followed by sudden withdrawal. 

 

a) Induction of luteolysis 

The luteolytic agents available on the market are derivates of prostaglandin F2 (PGF2). The 

PGF2 is naturally secreted by the uterus, in the event that there has been no implantation during 

the luteal phase, causing regression of CL (lutelysis) and decrease of progesterone. This results in a 

rise in gonadotrophins and estradiol that leads to a return into oestrus. Injection of exogenous 

PGF2 or one of its analogues causes regression of CL within 24-72 h and oestrus and ovulation 

follow within 2-3 days. CL is responsive to the administration of luteolytic agents only during the 

midluteal phase, i.e. between days 5 and 17 of the cycle. This has to take into account when 

luteolytic agents are utilized to induce and synchronize oestrus. Utilized protocols include: 

a) PGF2 one-shot method 

b) PGF2 two-shot method 

 

PGF2 one-shot method 

With this method only those cows having a functional CL will be injected. These cows should show 

sign of oestrus within 2-3 days. This method has the disadvantage that animals have to be palpate or 

scan prior to be injected. 

 

PGF2 two-shot method 

This method was planned to synchronize groups of cows at random without known their exact 

ovarian status. All females scheduled to be synchronized are injected on day 0 and on day 11 of the 

treatment. The basics of this schedule is that at the time of the 1
st
 injection of PGF2α will be 

responsive only those animals that have a functional CL (i.e. day 5 -17 of the cycle). These animals 



will ovulate and at the time of the 2
nd

 injection will be about day 8 of the next cycle. The animals 

that did not respond at the 1
st
 injection (i.e. those between day 18 and 4 of the cycle) would have a 

responsive CL at the time of the 2
nd

 injection. Hence, all animals will be in the midluteal phase at 

the time of the 2
nd

 injection of PGF2α. 

Animals may be inseminated either at fixed time (72h after the 2
nd

 PGF2) or at observed oestrus. 

Various Authors have recorded the use of PGF2α or one of its analogues in oestrus control in 

buffalo, often using an 11 day interval between two consecutive doses. Chohan et al. (1993), in 

buffaloes synchronized with PGF2, reported a fertility rate at AI of 22.86% in the low breeding 

season and 53.33% in the peak breeding one, concluding that the use of PGF2 to synchronize 

oestrus should be done in animals having a functional corpus luteum and preferably during the peak 

breeding season. Baruselli (2001) detected a greater variation in the duration of oestrus 

manifestation after the administration of prostaglandin; moreover, he found that the phase in which 

prostaglandin was administered interfered in the interval from administration and the beginning of 

oestrus signs and ovulation. Therefore protocols using fixed time insemination and only 

prostaglandin treatment have not presented good results in buffaloes. 

 

b) Use of progestins 

Progestins are exogenous or synthetic hormones that act as endogenous progesterone that is the 

hormon produced by CL during the diestrus phase of oestrous cycle. The administration of 

progesterone or its derivates extends the period of time in which progesterone is present into the 

circulation and prevents animal from coming into heat. Gonadotrophins release and ovulation is 

suppressed until progesterone withdrawal. In order to synchronize randomly a group of females 

without regard for the stage of oestrus cycle, it is necessary to treat them with progesterone for a 

period corresponding to the length of natural luteal phase, otherwise CL might live longer than the 

progesterone treatment. However, the long-term progesterone treatment (i.e. 16days like a natural 

luteal phase) leads to a low conception rate, probably due to the adverse effects in the intrauterine 

environment. Therefore a short-term treatment (7-12 days) is preferable but in this case it is 

necessary to include a PGF2α in order to eliminate any natural CL. 

The most common progestins utilized for synchronize oestrus in buffalo are: Norgestomet and 

intravaginal progesterone device. 

The Norgestomet is a synthetic analogue of progesterone and consists of an impregnated silastic 

implant containing 3mg of Norgestomet. The implant is inserted subcutaneously beneath the skin of 

ear. At the time of implantation an intramuscular injection of 5mg oestradiol valerate in 

combination with 3mg of Norgestomet is given. The implant will be withdrawal after 9 or 10 days. 



Two days before implant removal animals are injected with PGF2α in order to eliminate any natural 

CL. Insemination can be done 48 (heifers) or 56 (cows) h after implant removal. 

The intravaginal progesterone devices are present on the market by the name of PRID
®

 

(Progesterone Releasing Intravaginal Device) and CIDR
®
 (Controlled Internal Drug Releasing 

device). The PRID is a stainless steel spiral device covered with an inert silicone rubber matrix 

containing 1.55 g of progesterone (Fig.17 and 18). CIDR is a T-shaped device with flexible wings 

impregnated with1.38 grams of progesterone in elastic silicone moulded over a nylon spine (fig.19). 

The device (PRID/CIDR) is inserted into vagina using a special applicator. A string is attached for 

easy removal (fig.20). When the device is inserted into the vagina, progesterone is slowly released 

over the treatment period. Under the influence of progesterone, normal pituitary gonadotrophin 

output is inhibited and the ovarian cycle is interrupted. The removal of the device results in the 

rapid decline of plasma progesterone and the onset of oestrus in animals responding to treatment. 

 

 

 

 

 

Figure 17. PRID: examlpe of commercial products available on the market. 

 

 

 

 



 

 

 

Figure 18. PRID speculum and PRID gun: aids to the insertion of the device. 

 

 

 

 

 

Figure 19. CIDR: example of a commercial product available on the market and the insertion into 

vagina with the aid of a specific applicator 

 

 



 

Figure 20. To prevent removal by curious pen-mates, the string of the device could be cut so that 2-

3 cm protrude from the vulva. 

 

 

Natural or synthetic progesterone containing devices (injections, intravaginal pessary, ear implants 

along with estradiol, PMSG and prostaglandin) have been used successfully to improve synchrony 

of oestrus and conception in buffaloes. The synchronization protocols, however, are efficient if 

buffaloes are cyclic and therefore if they are used during the breeding season (autumn). In the 

spring season there is a higher variability between the oestrus beginning and the ovulation time and 

it is more difficult to establish the correct time for AI. 

Our previous work showed that the use of a progesterone pessary (PRID), associated with PMSG 

and prostaglandin, is able to control ovulation and induce a good rate of synchronization in 

buffaloes. Using this synchronization treatment schedule in the peak breeding season (autumn) and 

the low breeding one (spring), we found no differences in the fertility rate between the two seasons 

considered: in fact the conception rate (CR) was 46.2% and 44.3% in autumn and in spring 

respectively (Barile et al., 1999). We found that the use of PMSG increases the fertility that is 

related to the doses utilised; in fact CR was 26% in buffaloes in which PRID + 500 IU PMSG were 

used and 17.5% in buffaloes in which PRID was used without gonadotrophin (Barile et al., 2001a). 

To better define the proper time for A.I. following the PRID synchronization treatment we have 

evaluated the time of LH peak, after pessary removal, in two different seasons (Barile et al., 1998; 

Borghese et al, 1999). On the basis of these results we can suggest that 72 and 96 h after PRID 

removal are more appropriate time for A.I. in synchronized buffalo cows in the low breeding 

season, while 48 and 72 hours could be better in the autumn. In fact, utilising 2 AI schedules at 72 

and 96 hours during the spring season we have obtained a CR of 51 % and 56.7% (Barile et al., 

2001a, 2001b). Therefore the use of PRID associated with PMSG and prostaglandin can be 



successfully employed to increase the effectiveness of A.I. programmes improving the fertility rate 

in the low breeding season too. 

 

 

c) GnRH protocols 

 

The GnRH (Gonadotrophin Releasing Hormone) is a naturally occurring hormone that stimulate the 

release of LH and FSH by the anterior pituitary gland. These two hormones act on the ovary, 

stimulating follicular development (FSH) and ovulation (LH). The use of GnRH has been 

associated to that of prostaglandin, in order to decrease the variation in the ovulation time after 

prostaglandin treatment. One program that has been extremely successful for insemination of cows 

at a fixed time without the need of detection of oestrus is the Ovsynch program. Ovulation 

synchronization can be obtained using GnRH + prostaglandin  after 7 days + GnRH after 48 hours. 

This system synchronizes follicle maturation with regression of the corpus luteum before the 

GnRH-induced ovulation and timed insemination. The animals are inseminated 16–20 h after the 

second injection of GnRH. The limitation of this protocol is that works better when the animals are 

cyclic, so is not recommended in heifers unless they have reached puberty, and is not  

recommended in buffaloes during the non-breeding season. 

Baruselli (2001) using Ovsynch protocol had a CR of 48.8% in buffaloes inseminated during the 

breeding season (autumn-winter) and 6.9% in that inseminated during the non-breeding season. 

Similarly, De Rensis et al. (2005) using Ovsynch had  a higher conception rate  in cyclic compared 

to non-cyclic buffaloes (35.7 vs 4.7%).  Other Authors using the Ovsynch protocol reported a CR at 

AI ranged from 56.5% (de Araujo Berber et al. (2002), if used during the breeding season, to 36.0% 

(Neglia et al., 2003), and 42.55% (Barile et al., 2004) if used in the period of transition to seasonal 

anoestrus. 

 

 

Hormonal treatment schedule and the TAI (timed artificial insemination) 

 

The oestrus synchronization and timed artificial insemination protocols more utilized in buffalo are 

Ovsynch and PRID or CIDR, this last associated to PG and PMSG. In succession are reported the 

treatment schedule and the time of AI in the two protocols (Fig. 21 and 22). 

 



 

 

Figure 21. Treatment schedule and timed AI in the Ovsynch protocol in buffaloes: one 

insemination at 16h after the 2
nd

 injection of GnRH is sufficient, but sometime a second 

insemination 24h later is utilized. 

 

 

 

Figure 22. Treatment schedule and timed AI in PRID/CIDR protocol in buffaloes: two 

inseminations are necessary because of a large variability in the ovulation time with this protocol; 

72 and 96 hrs after device removal are appropriate time for the insemination. 

 

 

In the Ovsynch protocol buffaloes are treated with 150 μg gonadorelin (GnRH) + 150 μg 

cloprostenol (PGF2) on day 7 +150 μg gonadorelin (GnRH) on day 9. Buffaloes are artificially 

inseminated after 16 hours from the 2
nd

 injection of GnRH. In the Progesterone based 

protocol buffaloes are treated with an intravaginal device containing natural 

progesterone (1.55 grams in PRID or 1.38 grams in CIDR) for 10 days + 1000 IU PMSG (Pregnant 

Mare Serum Gonadotrophin) and 150 μg cloprostenol (PGF2;) on day 7 after device insertion. 

Buffaloes are artificially inseminated at 72 and 96 h from device removal. The Progesterone based 

protocol is to prefer during the low breeding season (spring-summer) when the buffaloes are non-

cyclic. The Ovsynch protocol is efficient if the buffaloes are cyclic and therefore during the 

breeding season (autumn) (Barile et al., 2004). 
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REPRODUCTIVE PATHOLOGY IN THE FEMALE BUFFALO 

 

Introduction  

Disorders in the female genital tract of the domestic animals are quite common and in buffalo 

species has been also reported in the different countries where buffalo is a component of the animal 

husbandry systems.  Usually such diseases are of genetic or chromosome origin as well as acquired 

from the environment. It should be stressed that  the main aspect imposed by the environment 

factors are those caused by nutritional imbalances or infectious agents which seems to be the 

principal causes of reproductive disturbances in the female buffalo. Such aspects have been used in 

some countries to classify buffalo as a “poor breeder”.  

 

Is buffalo an animal delayed in terms of breeding? 

There has been an international misconception that the buffalo is an animal late or low reproductive 

performance. Some Anglo-Saxon authors, based on studies conducted in India and Pakistan, 

characterized buffalo as "poor breeder" ( Bhattacharya, 1958; Shalash, 1958; Rao, Rao, 1968; Pant, 

Roy, 1972; Bhattacharya, 1974; Porwall, 1982). However, other Authors disagree with this 

attribute, preferring to point out that the phenomenon by which this species has fertility rates less 

than Bos taurus and Bos indicus, seems to be related to poor management and / or an inadequate 

selection (De Franciscis, 1979; Vale etal.,, 1990; Vale, 2000). 

Therefore, the light of current knowledge, the concept that the buffalo is an animal's point of view 

later reproduction, should be ignored, as can be observed as follows. 

 

It is reasonable to compare reproductive parameters of the buffalo with the bovine. Many 

researchers when begin their studies with buffalo, immediately confront the characteristics and  
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Table 1. Some anatomical, physiological, endocrine compared characteristics between female 

bovine and buffalo 

 

Characterisitc Cow (Bos) Buffalo (Bubalus) 

Ovary Length= 3,5 - 4,5 cm 

Width= 2,5 cm 

Weight= 15 - 20g 

Length= 2,5 - 3,0 cm 

Width= 1,4 cm 

Weight= 4,6g 

Corpus luteum (CL) Clear yellow, projecting  to the ovary 

surface in the middle estrus cycle 

Brownish/reddish, soaking 

towards the ovary. Rare 

prominence  in the ovary surface 

Oviduct Length= 25 - 26 cm 

Slight, adhered with ovarian bursa 

Length= 19 - 24 cm 

Coarse, deeply adhere to the  

ovarian bursa  

Uterine horns Soaking and tortuous ; tonus through 

estrogenic phase 

Very soaking and tortuous than in 

bovine; hard tonus 

Body of uterus Length= 6,35 - 12,70 cm Length= 5,3 – 8,0cm 

Cervix Muscular, 2 – 4 cervical rings, open during 

estrus 

Tortuous, more cervical rings 3 – 

5, showing difficult dilation 

during estrus/heat period 
 

Type of  placenta Cotiledonary, epithelio chorial Cotiledonary, epithelio chorial 

Primordial follicle 

population in the ovaries at 

birth 

60.000 – 100.000 12.000 – 20.000 

Estrus cycle length 20 – 24 days x=21 days 20 - 24 days, variable according to 

the breed and  management 

Heat length  12,5 – 27,8 hours 8 – 32 hours 

Clinical symptoms of 

estrus/heat 

Intense symptoms of heat and homosexual 

activity, leaving to mount  or mount  other 

female 

Mucus discharge less pronounced 

clean, little homosexual activity, 

strong uterine contractions – hard 

tonus 

Gestation length 265 – 280 days Depending of the type; Swamp325 

– 335 days; milk or river type 293 

- 318 days 

Endócrino profile 

  

Progesterone 6,0 – 7,0 ng/ml Swamp 1,5 – 2,6 ng/ml 

Murrah 2,6 – 6,0 ng/ml 

17β-Estradiol 25 -  30pg/ml Swamp8 – 10 pg/ml 

Milk/River 30 – 32 pg/ml 

LH Pulsatile LH waves: luteal phase from 03 

to 1.8 ng / ml; mid-cycle from 1.2 to 7.0 ng 

/ ml; estrus 15-65 ng / ml 

Pulsating waves is not established: 

baseline levels during the cycle 

from 0.72 to 2.0 ng / ml, estrus 

 

FSH Irregular fluctuations of FSH during the 

cycle between 10 - 400ng/ml with the 

maximum secretion 78-600 ng/ml in estrus 

Average fluctuation of 12.0 ng / 

ml: the maximum value of 

60ng/ml the day of estrus 

 

Source: Adapted from Vale etal., (1982);Danell (1987); Vale and Ribeiro (2005). 

 

reproductive parameters of this species with Bos taurus and Bos indicus which seems to be wrong. 

In the Table 1 are summarized the anatomical, physiological,  endocrine-related   reproduction    



 

 

characteristics   of  female bovine and buffaloes, showing that there are many more differences than 

similarities between the cases presented. Therefore, it is important to note that everyone should pay 

a great caution when applying these comparative aspects. 

 

1. Estrous cycle 

 

1.1 Estrous symptoms 

The estrous cycle in buffalo ranges from 16-33 days, with a higher concentration of 21-24 days 

(Table 2). This range appears to be dependent on several factors, including climate, management, 

nutrition, and genetic characteristic. Animals subjected to improper management and subclinical 

deficiency of energy, protein and minerals, have a tendency to present turnover short or long cycles, 

the same way when subjected to heat stress (Sastri et al., 1981, Vale et al., 1984). 

Yet regarding to estrous cycle In the tropics, near the equator the buffalo is a continuous 

polyestrous animal, however the extent that the herd moves away from the equator, north or south, 

buffalo becomes a polyestrous seasonal short days animal (Vale , 1988). 

Similarly as shown in Bos taurus and Bos indicus female, the buffalo estrous cycle has four phases 

namely - pro-estrus, estrus, metaestrus and diestrus. A phenomenon that has been reported by some 

authors, (Danell et al., 1987) is the presence of heat in the middle of the cycle. This phenomenon is 

characterized by the presence of a follicle, the corpus luteum, and elevation of the uterus 

accounting, characterized by one uterine tone quite evident (Vale, 1983). 

Concerning the manifestation of clinical symptoms of estrus in buffalo,  they are not as evident as in 

cattle, although significant symptoms occur, such those summarized in Table 3 (Vale et al., 1984). 

 

1.2. Changes and disturbances of the estrous cycle 

 

There are several studies in the literature dealing with the existence of short and long estrus cycles 

in the female buffalo, as well as not detectable and anovulatory estrus cycle (Vale 1983). 

For Vale (1983) there are several factors that can interfere with changing the estrous cycle in the 

female buffalo, however one of the more important and frequent is caused by ovarian inactivity. In 

tropical conditions, the problem of body heat stress seems to have a large primary meaning 

(Gangwar, 1980). Heat stress is primarily responsible for the emergence of cycles shorter or longer. 

Moreover, although the buffalo has fewer sweat glands that cattle and zebu, these glands are very  

active, secreting a sebaceous substance rich in fat, covering the skin surface that protects the animal 

against the solar irradiation (Shafie, 1993-1994). 



 

 

The Authors suggested that high levels of progesterone during the follicular phase and estrogen may 

contribute to not observed heat in buffaloes. Another important aspect is related to the level of 

hierarchy exists in the herd. The social connotation in this process, causes or that subordinate 

females have lower physical development or low body condition score, may present problems 

related to long cycles 

 

Table 2.  Presentation of the duration of the estrous cycle, estrus/heat  and ovulation after the end of 

heat, according to the country and authors. 

 

Estrous cycle length 

(Days) 

Estrus symptoms 

(Hours) 

Ovulation after the end 

of estrus/heat (Hours) 

Author 

Brazil  23,7 ±4,9 

(16 – 33) 

23,8 ±8,2 

(12 – 31) 

19.8 ±5,8 (9 - 30) Vale, (1983) 

    

Bulgaria  21 ±4 24 -36 - Ivanov;Sachariev, 

(1960) 

    

China  26,31 

(12 – 30) 

- 11,35 

(0 – 41,5) 

Wang et al. (1965) 

    

China  24.0 43,17 - Wang, (1978) 

    

Índia   23,3±0,63 

(20 – 27) 

24,2±0,69 

(15 – 27) 

10,8±0,79 

(4 -23) 

Rao et al., (1982) 

    

Índia   21,4±2,0 

(17 – 26) 

(12 – 72) (12 – 24) Danell, (1987) 

    

Índia   22,27               

 

24,18 10.83 (4-23) Pradyumna Rao et al., 

(1982) 

    

Indonesia 20,8±0,67 

(19 – 25) 

41,4±4,52 

(24 – 66) 
- Toelihere, (1977) 

    

Italy21,0 (15-29) 20 (4 – 64) 24,0 (5 – 40,0) Seren;Parmeggiani, 

(1997) 

    

Malaysia  22,0 

(17 – 24) 

12 - 24 (12 – 18) Jainudeen, (1983) 

    

Japan 21,5±4,7 

(11 – 35) 

19,9±4,4 

(9 – 27) 

13,9±3,4 

(6 – 21) 

Kanai;Shimizu, (1983) 

    

Thailand 22,0 17 - 27 - Kamonpatana et al.  

(1979) 

 

 

 

 

 

 



 

 

Table 3. Presentation of clinical symptoms in 150 natural estrous cycle, of 76 pluriparous buffaloes 

identified by teaser male carrying a chin-ball device  

 

Symptom Evident Little evident Absent 

 Allow to be mounted by the teaser 

male 

100,00 - - 

    

 Allow to be mount by the other 

female 

 

19,3 

 

8,6 

 

72,1 

    

Frequent grunts and moos 59,5 8,6 31,9 

    

Frequent urination 

  

54,0 18,7 27,3 

    

Movements of the tail        50,0          15,3          34,7 

    

Open cervix 77,3 18,7 4,0 

    

Increase uterine tonus  

73,3 

 

24,0 

 

2,7 

    

 Externalization of mucus from the 

vagina 

 

60,6 

 

18,6 

 

20,8 

    

Vulva oedema  42,0 7,3 50,7 

Source: Vale etal., (1984). 

 

 

2. Pathology of the genital tract  

 

2.1 Abnormalities of development 

 

Abnormalities of development in female genital tract of buffalo have been reported frequently by 

researchers from several countries ( Shalash, 1958; Narasimha Rao, 1971a,b; Kesavamurthy and 

Narashima Rao 1971; Rao and Rajya, 1976; Vale etal.,  1982; Ohashi, 1982), with variable 

occurrence in certain regions, however causing damage bulky, increasing the calving interval, sub-

fertility, sterility, and consequently low production in the herds affected. Therefore, knowledge of 

factors affecting the disorders of development of female buffaloes are of fundamental importance 

for the future of the buffalo husbandry and Veterinary practitioner, breeders and technicians 

involved in the herd selections  must be aware on the diagnosis, prognostic and treatment or even a 

summary elimination of  animals especially those with infertility of genetic origin. 



 

 

 

2.2. Intersexes in buffaloes 

 

The intersexes or hermaphrodites have been described with a certain rarity in buffalo, without any 

reference that this anomaly is related hereditary. Hermaphrodites have an ambiguous reproductive 

tract with part or all of the segments or gonads of both sexes. In the true hermaphrodite there are a 

concomitance of both gonads, female and male and does not matter what kind of structural form is 

observed in the tubular genitalia whereas in the pseudohermaphrodite there is a presence of just one 

type of gonad in the genital tract (figure 1a, figure 1b). A few cases of male pseudohermaphroditism 

in buffalo have been reported. In a period of six years examining genital systems in the 

slaughterhouse in Brazil (Vale etal., 1982; Ohashi, 1982) found two cases of female 

pseudohermaphroditism and a case of "freemartin", demonstrating the rarity of this phenomenon in 

buffaloes. In addition other forms of genetic and chromosome infertility has been described in Italy 

(Iannuzzi, 2008) in a clinic-pathological and cytogenetic study, accomplished to high resolution 

chromosome banding techniques,  involving two male co-twins, 119 females with reproductive 

problems and 13 males addressed to reproduction (bulls) were investigated. Although all males 

addressed to the reproduction showed normal karyotype by using high resolution chromosome 

banding techniques, in the females with reproductive problems an appreciable number of animals 

were found carriers of sex chromosome abnormalities as follows: X monosomy (two females); X 

trisomy (one female), sex reversal syndrome (two females); free-martinism (18 females and two 

males. According to Iannuzzi (2008) damages occurring in reproductive organs are essentially due 

to two main factors: placental anastomosis which occur much earlier  (15 - 20 days of embryo life) 

than sex  differentiation (40-45 days. As the male sex  differentiation occurs a week before than that 

of female twin such phenomena is sufficient to generate serious  damages to internal sex adducts in 

the female twin.  

 

2.3. Arrest in the development of the paramesonephric or Muller ducts 

 

In Brazil these disturbances were described  (Vale et al.,, 1981; Ohashi, 1982; Mourão, 2007),  

where the Authors draw attention to a possible genetic involvement due to close inbreeding present 

in some herds in Latin America. In studies conducted with  examining genital tracts from 

slaughterhouse (Vale et al., 1981; Ohashi M,O, 1982)  found two cases of clearly showing the rarity 

of this phenomenon in buffaloes. Other authors (Mourão, 2007) in a clinic-pathological study of 

1.000 genital tract of female buffalos in a slaughterhouse found 1.0 (0.1%) case of segmental 



 

 

aplasia of the uterus whereas  (Vale et al.,, 1981; Ohashi, 1982) found two cases of clearly showing 

the rarity of this phenomenon in buffaloes. 

 

 

3. Ovarian abnormalities 

 

3.1. Anatomical, congenital and hereditary ovarian abnormalities 

  

 Among some clinical significance, there are the following: fusion of the ovaries, occurrence of 

supra-numerary ovaries and accessories; abnormal positioning of the ovaries into the abdominal 

cavity and  ovarian agenesis / hypoplasia. 

The mean and standard deviation of length and width of ovaries of buffaloes in the Amazon region, 

Brazil, were found as 2.4 cm x 1.4cm (Vale, et al., 1982). According to our experience in the same 

region between 5 to 15 per cent of crossbred buffalo heifers, aged 24 to 30 months have smaller 

than pea ovaries (1.1 x 0.6 cm) and beans (1.5 x 0.8 cm) respectively. The mean and standard 

deviation of length and width of ovaries of buffaloes in the Amazon region, Brazil were found as 

2.4 cm x 1.4cm (Vale et al., 1982). It is possible that there is a genetic involvement predisposing the 

small size of the ovaries in some herds in this continent which can be combined with the close 

inbreeding present in some herds in Latin America.   

                                         

3.2. Ovarian hypoplasia 

Ovarian hypoplasia causes a substantial reduction in fertility, is considered a hereditary condition in 

which the ovaries with a reduced number of germ cells and these, when present do not show a 

normal level of physiological activity and are of dubious quality (Ribeiro et al., 1987). 

Ovarian hypoplasia should be carefully differentiated from underdeveloped ovaries, non- functional 

or inactive ovaries which is an acquired form of gonad disturb due to problems caused by 

nutritional and management defaults, in heifers and postpartum females in tropical areas (Rao and 

Rajya, 1976; Settergren  1964; Vale et al., 1978, 1991), as the both ovaries show very small 

dimensions it can be confused with ovarian hypoplasia. As in buffaloes in the frequency of ovarian 

hypoplasia is relatively low,  this disorder is quoted at headquarters in flocks in Amazonia (Ribeiro,  

1986). Examining 590 of the genital system buffalos slaughterhouse, it was found  an occurrence of 

0.67 of ovarian hypoplasia (figure 4, 5) .  

 

 



 

 

3.3. Inactive ovaries 

This abnormality also denominated dystrophic, hypotrophic and non-functional ovaries are mainly 

caused by errors in management, nutrition and metabolic diseases, affect female buffaloes, being 

most frequently found in the ovary of this species, especially in the postpartum period and is more 

pronounced in the seasons of unfavourable pasture offering (Ribeiro, 1986; Chaudry et al. 1978; 

Narasimba Rao  and Sreemamrayana 1982; Shah, 1990; Nascimento and Santos,  1997). It has been 

reported that among 7.966 buffalo females submitted to gynaecological  examination, the change 

was a higher incidence of anoestrus, with 2.492 (31.2%) cases, with the condition most often found 

were non-functional ovary, especially in the warmer months. By gynecological examination, it 

appears that the ovaries have smaller measurements, regular shape, smooth surface, absence of 

palpable developing follicles and corpus luteum, while the macroscopic examination, are 

characterized by having a firm consistency, smooth surface, absence of follicles mature and 

functional corpus luteum, but with the presence of corpus albicans  indicating that functional 

activity was established earlier. Microscopically, the ovarian albuginea of non-functional gonads 

reveals a thickened albuginea layer, with reduced follicular growth in the cortical zone, but with 

considerable presence of follicle atresia, including both primary and tertiary follicles.  This disorder 

is closely associated with a low offering of good quality food and management, with origins in 

general in the time that pastures are of low nutritional level, therefore associated with a deficiency 

of minerals and energy, however, as it is an acquired phenomenon it is reversible. This change is a 

major cause of reproductive failure in buffaloes and is a disorder reported in different countries 

through clinical examination (palpation) and slaughterhouse material (Narasimba Rao and 

Kesavamurth, 1971). On the other hand (Mourão, 2007) examining 895 buffalos in the Amazon 

state of Amapá, observed that the incidence of non-functional ovaries on the total of females was 

8.3% and among the overall pathologies was 43.6% and among the changes in ovarian, non-

functional ovaries accounted for 92.6% of the cases. Also these abnormal conditions imposed by 

under nutrition and unconventional  management is the delayed puberty in buffaloes which is a 

common condition causing a delay age of the first calving which reach upon 48 months of age. With 

a good nutrition and management it is possible to reach the puberty with less than 12 months as was 

found in a  study in Brazil where the average age of first ovulation in buffalo heifers around 13 

months.(Vale,  1988). 

 

 

 

 



 

 

3.4. Ovarian cysts 

Ovarian cysts, in general terms, respecting the concepts emerging from the veterinary clinic are 

circumscribed formations of variable size, filled with serous fluid appearance localized, peri or 

ovarian, which may be large or small, unilateral or multilobular.  

The following are considered cysts, which cause pathological conditions and certain well-defined: 

follicular cysts, luteinized cysts, microcystic degeneration of the ovaries and the inclusion cyst 

epithelium. The others are  physiological (Graafian follicles, follicular atresia, corpus luteum cyst), 

for failing to pursue the meaning in the Veterinary Clinic or have not defined the pathogenicity.  

 

3.5. Neoplastic diseases of the ovary 

Neoplasm or tumours in the ovary of the buffalo is very rare and the most common reported is the 

teratoma. 

This tumour is characterized macroscopically by causing an increase in ovarian volume, lobulated 

shape or circular, whitish colour and firm consistency.  By cutting reveals the presence of hair, 

coupled with a mass of yellow-white coloration, can be observed microscopically the presence of 

stratified squamous epithelium, sebaceous glands and hair follicles widely distributed. For some 

Authors teratoma seems to be more frequent in buffalo that the cow and has been reported by these 

Authors ( Vale et al.,1984, 1991). 

 

4. Diseases of oviduct 

The diseases in the oviduct has a prominent place as cause of infertility and sterility in the female 

buffalo, a fact evidenced by different authors in many countries (Shalash, 1958; Narasimha Rao et 

al., 1971a,b; Kesavamurthy and Narashima Rao,  1971; Rao and Rajya, 1976; Vale et al,, 1981; 

Ohashi, 1982). 

 

4.1. Arrested development 

The arrested development of the oviduct is a rare condition in the buffalo, although it is has been 

described by some Authors (Vale et al., 1981). Such abnormalities are always present in cases of 

hermaphrodites and in arrest development of paramesonephric ducts. 

 

4.2. Hydrosalpinx, salpingitis and pyisalpinx 

These changes are described in buffalo, always accompanied by adhesions in the oviduct to varying 

degrees. The salpingitis are often secondary to inflammatory processes in utero. Already the 



 

 

hydrosalpingitis has been observed not only in consequence of segmental aplasia, but also due to 

adherence of distal and proximal ends, or throughout the oviduct.  

 

5. Diseases of the uterus 

Different types of pathologic processes may affect the uterus of the female buffalo and these 

abnormalities area accounted as one of the principal cause of infertility in buffaloes. These 

pathologic processes can have hereditary/genetic origin or be affected by an acquired process from 

the environment origin. 

 

5.1. Arrested development 

The arrested development of the uterus is a rare condition in the buffalo, although it is has been 

described by some Authors, who found aplasia in the horn (figure 3) or uterus uni-cornis (figure 2) 

(Vale et al, 1981; Mourão, 2007). Such abnormalities are always present in cases of hermaphrodites 

and in arrest development of paramesonephric ducts. 

 

5.2. Endometritis 

Among the alterations described in buffalo uterus, it is highlighted the inflammation that is 

characterized mainly by endometritis and lead to the establishment of a framework of temporary 

infertility to infertility (Kumar et al., 1978; Chaudry et al., 1978; Narasimha Rao and 

Sreemanrayana,  1982; Bhattacharya et al., 1971). In Brazil, the occurrence of endometritis in 

buffaloes were reported by Vale  et al. (1981) which found 7.45% cases of infections within the 

uterus. The diagnosis was based on uterine wall thickness, presence and appearance of exudate in 

the caudal ostium of the cervix, the vaginal cavity or, when flowing through the vulva.  

According to the Authors, the uterine horns showed macroscopically are enlarged, elongated, rigid 

and distorted in its shape. When cut, there is swelling, redness and intense muco-purulent secretion. 

Some factors have been suggested as predisposing to a higher incidence of uterine infections in 

buffaloes: the anatomical constitution of the labia of the buffalo, the habit of this species to bathe in 

stagnant water and contaminated with faeces and poor hygienic conditions, health and food flocks 

raised in the open (Chaudry et al., 1978; Ribeiro, 2002; Dessauky and Juma 1973).  

According to the nature of the changes observed by histological examination, the endometritis were 

classified into mild chronic endometritis, chronic endometritis moderate and severe chronic 

endometritis 

 

 



 

 

 

 
Figure 1a.  Male peseudo- hermaphrodite, 

body weight 568 kg.heifer, female with 

clinic aspect of the male. 

 

 

 

 
 

 

 
 

 

 
 

 

Figure 2. A. case of uterus uni-cornis. 

 

 

 

 

 

 

 
 
 

Figure 4. Ovarian hypoplasia in the left 

ovary;  the right ovary shows longitudinal 

layers on the surface, denoting a partial 

hypoplasia. 

 

 

 

 

 

 

 

 

Figure 1b. The same case ; posterior 

region.  urogenital openning 25 cm down 

the  anus; ambiguous external genitalia  

showing scrotal sac without testis. 
 

 

 
 

Figure 3.A case of segmantal  aplasia in 

the left horn; right horn pregnant.  
 

 

 
Figure 5. Microscopic feature of a 

hypoplastic ovary in a buffalo; absence of 

growing follicles and rare atresic; large 

layer of fibrous conjuntive tissue in the 

cortex surface of the ovary (400X H.E). 

 

 

 

 

 

 

 

 

6. Diseases of cervix 

 

6.1. Arrested development 

This is a rare condition usually associated to the arrest development of the paramesonephric ducts.  

 



 

 

6.2. Cervicitis or  inflammation of the cervix 

Cervicitis occupies a prominent place and usually related to an inflammatory process in the womb 

or an extension of the vagina. The main feature of this pathology is the increase in volume, 

hyperemia, mucopurulent secretion in the caudal ostium. The cervicitis  is a condition usually 

associated to the  inflammatory process of the uterus. It has been described in the literature where 

(Shah,  1990) found six cases of cervicitis (0.9%) and this result were  superior to those cited by 

other Authors (Narasimha et al., 1971; Narasimha Rao and Sreemannrayana,  1982; Shah, 1990; 

Narasimha Rao and Kesavamurth  1971) who reported an occurrence between 0, 3% and 0.5%, 

respectively. According to different Authors, the cervix with an inflammatory process presented 

increased volume of hyperemia and mucopurulent secretion flowing through the orifice.  

 

6.3. Cervical cysts 

With relation to cervical cysts or Nobothian cysts, has been described in the female buffalo (Shah, 

1990). These are retention cysts of the cervical glands, which may be congenital or acquired and 

fractures, lacerations or chronic cervicitis. 

 

6.4. Irregularity of the cervical canal 

It is a rare condition in the female buffalo and it has been observed through artificial insemination 

works or clinical and slaughterhouse trials. In a survey performed in Brazil (Mourão, 2007) it was 

found in  14 cases (1.5%) of irregular uterine cervix in buffaloes.  This cervical pathology is 

characterized by an irregular conformation of the cervical channel, taking a sinuous shape which 

greatly complicates the practice of artificial insemination. Normally these animals are excluded 

from the program. 

. 

7. Diseases of the vagina and vulva 

 

7.1. Vulva laceration  

This anomaly described with some frequency in the female buffalo by Chaudary et al. (1978), cause 

tears in the vulvar region at the time of or during fights and dystocia. Ohashi (1982) found 12 

(1.9%) cases of this abnormality and seven females were pregnant. 

 

7.2. Vaginitis  

Vaginitis and vulvitis are sequels that comes from the vagina inflammation. It is characterized by 

abundant inflammatory exudate and large amount of bacteria and other infectious agents, whose 



 

 

toxins and other harmful products which damage sperm cells, causing them loss of motility and 

death.  

 

8. Diseases of  pregnant uterus  

Although often the assumption that the female buffalo after became pregnant  shows a  good 

fertility, the problems related to the pregnant uterus has been described in this species, contributing 

to what is determined to a diminution of fertility. 

 

8.1. Embryonic death and abortion   

As in other domestic species, the pregnant female buffalo suffering from a series of disturbances 

that can lead to these pathologies.  (Picanço and Ribeiro, 2010) found an incidence of 6.9% of 

abortions in extensive farms in the Amazon region, Brazil.  

Likewise Vale et al. (1981) reported low incidence of this phenomenon, whose feature was the 

presence of foetal degenerated membranes, yellowish friable in consistency, but with the absence of 

embryo with a present corpus luteum. (Picanço and Ribeiro,  2010) found a 18% incidence of 

embryonic death on a farm, extensive farming, with historical and reproductive control in the state 

of Amapá in the Lower Amazon. According to (Picanço and Ribeiro, 2010) this high incidence may 

be related to high rates of infectious bovine rhinotracheitis (IBR) also found by Ferreira and Ribeiro 

(2010). 

 

8.2. Macerated and mummified foetus 

Although few reports in the literature about these abnormalities have been published, in our routine 

mainly in slaughterhouse, material it has been found about sporadic  cases of  macerated and 

emphysematous foetus. 

 

8.3. Advanced placenta 

 There are few citations in the literature about this change in the placenta of buffalo. According to 

McEnte (1990) factors for the onset of this condition are both mild irritation of the uterus, as well as 

the incomplete development of the specimens. In Brazil Vale et al. (1981, 1982) revealed that the 

area of inter-union cotiledonia intercaruncular with the area, gives a characteristic rough 

endometrium, while the histopathological examination revealed the presence of trophoblastic tissue 

in areas of endometrium devoid of caruncle. 

 

 



 

 

8.4. Placental cysts 

There is in the  literature no report on the presence of cysts in the placenta of buffalo. However, 

Vale et al, (1981)  reported the existence of four cases of this phenomenon, and the cystic spaces 

lined by a transparent capsule, filled with crystalline substance of gelatinous consistency, located in 

different parts of the chorion and allantois. 

 

8.5. Retained placenta 

Should be considered as retained  placenta, if it is not normally expelled after eight hours 

postpartum. The retention of the placenta in the female buffalo leads not only to a uterine infection, 

as well as an increase in the postpartum period and cases of sterility. This condition has frequent 

observed in Amazon region, mainly in areas affected by brucellosis. Cases of retained placenta in 

female buffaloes are common, which in the  most of cases leads to installation of an acute puerperal 

endometritis. Applying oxytoxis, estrogens or careful manual traction, followed by uterine lavage 

with antiseptic solutions recommended, assures a good prognosis for healing. 

  

9. Obstetrical disturbs 

 

9.1. Twin pregnancy 

According to Grunert et al.(2005) twin pregnancy is one of the predisposing causes for the 

occurrence of miscarriages and premature parturitions of non-infectious origin.  (Vale et al., 1981) 

found just one case of twin pregnancy in 590 genital systems studied. 

 

9.2. Prolapse of uterus and vagina 

 This problem seems to affect mostly dairy buffalos, because according to Chaudry et al. (1978) is 

related in the same (16.9%) cases of reproductive problems seen in Faisalabad, Pakistan. The cases 

of this reproductive disorders found an incidence of 16% in Pakistan and in India and it is studied 

too in Italy, where feeding and welfare corrections helped to reduce it resolutely. This problem 

although already observed by the Authors, occur sporadically in the Amazon region.  

 

9.3. Dystocia 

In the Amazon valley, it has found cases of foetal dystocia requiring the use of caesarean section or 

total foetotomy as well as cases of prolapse of the cervix during labour and one case of uterine 

torsion observed in the slaughterhouse 

 

 



 

 

REPRODUCTIVE PATHOLOGY IN THE MALE BUFFALO 

Introduction  

One of the most comprehensive on the buffalo male infertility was prepared by Rao Ramamohana 

Rao (1984) when he presented the main problems of hereditary and  described cases of 

abnormalities of the scrotum, testicular aplasia and hypoplasia , cryptorchidism, testicular 

degeneration, orchitis, testicular fibrosis, epididymitis and sperm granuloma. 

Although in some regions, the buffaloes are considered seasonal, the male of the species appears to 

be less susceptible to variations, however an important aspect linked to the quality of semen is the 

thermal stress. High temperatures, poor management and unbalanced diet lead to deterioration of 

the quality of the ejaculate (Shafie, 1994; Vale, 1994, 1997). In Brazilian conditions, problems 

associated with disturbances of testicular function were also described (Vale et al. 1988, 2001; 

Ohashi et al. 1988, 1995).  

 

Is the buffalo is an animal from late reproductive standpoint ? 

Vale et al., (1981) found for young buffalo weighing 400 to 600 kg the testis presenting the 

following measurements for weight, length and width to the right and left testicle 110 g, 8.83 cm, 

4.64 cm, 107 g, 8.77 cm and 4.58 cm, respectively. The penis also, as testicles, has a length and 

thickness less than the bovine, taking half 80.15 cm and 1.95 cm, respectively, with the glans also 

presenting less developed than in cattle, and the sheath of the foreskin is shorter and attached to the 

abdominal wall, with rare hairs and no hairs at the ostium of the foreskin. Likewise, the scrotum of 

buffalo presents a rectilinear insertion relative to the spermatic cord when compared to cattle, which 

have a tendency to form a slight narrowing in the same region.  

Just as in bovine, the male buffalo also shows a high correlation between body weight and scrotal 

circumference (R2 = 0.92) and a positive correlation between age and body weight R2 = 0.86) for 

elite animals Murrah breed raised in Brazil (Vale et al., 2004, Figure 6).  

Body weight and scrotal circumference are two important parameters used in the evaluation of the 

reproductive capacity of male cattle and buffaloes (Coulter et al., 1975, Carter et al., 1980, Ahmad 

et al., 1984; Ohashi, 1993, Vale et al., 2004). 

 

 



 

 

 

 

Figure 6. Relationship between scrotal circumference and age in  month in male Murrah buffaloes  

raised in Brazil. 

 

Puberty, sexual maturity effect of age on reproduction 

Although several authors have reported that buffalo male is delayed in regard to reproduction, there 

is evidences that this aspect is directly linked to poor management and defaults in the nutrition 

(Yassen and Mahmaoud, 1972, Ohashi et al.,  1988, Vale et al., 2001-2004). At birth, the testicular 

Leydig cells contains few functional ones, and in the light of the seminiferous tubules the 

supporting  Sertoli cells show the presence of gonocytes that will lead to the spermiogonias . At 6-8 

months the secretion of pituitary gonadotropins (FSH and LH) gradually starts, thus initiating the 

secretion of male sex hormones, mainly testosterone by Leydig cells, beginning at the end of this 

phase the process of spermiogenesis, when between 10 and 14 months the animal reaches puberty 

(Tomar, 1970; Ohashi et al., 1988). 

However, Ohashi et al., (1988), reported the existence of gametogenic activity in the seminiferous 

tubules at 8-9 months which lead to the  puberty and sexual maturity being reached between 18 to 

24 months, while these aspects mainly related to nutrition and management. Lack of adequate milk 

supply during the calf period appears to depress the rate growth and maturation and affect the 
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puberty and sexual maturity (Vale, 2004). Low protein also affects adversely the semen production 

and quality and continued feeding of low proteins to males also affect the libido.  

Thus, puberty in male buffalo can be regarded as the time the animal begins production of fertile 

sperm and has the capacity to mount an estrous female and fertilize an egg. 

After that period, follows the sexual maturity phase, when the genital system reaches its full 

production of hormones and sperm age is reached between 22 and 24  month of age. 

The ideal scrotal circumference at 30-36 months of age in Murrah breed is around 30 ± 3.6 cm (27 

to 33 cm), having a linear growth and correlated with body weight and age of the animal (Vale et 

al., 2001-2004). 

However for the swamp type (Bubalus bubalis var. Kerebau), puberty and sexual maturity are later 

than in the milk or river type.  McCool et al. (1985) in Australia found that the testicles were mature 

at an age of 2.77 ± 0.09 years, with a body weight of 275.6 ± 8.5 and a scrotal circumference 

between 20-21 cm. 

In a studied of Mediterranean buffalo breed males, Ohashi (1993) reported that puberty is reached 

between 10-14 months of age, with a scrotal circumference of 21.7 ± 1.9 cm and the sexual maturity 

at 31.1 ± 2.9 cm with 24 months of age. The same Author noticed that puberty should not be 

confused with sexual maturity 

 

Sexual behavior and factors affecting sperm production 

Buffalo semen can present problems associated with the climatic and seasonal factors, despite a 

high sensitivity of the seminiferous epithelium to ambient temperature. Being more sensitive to 

heat, special attention should be given to animals subjected to collect semen, during the warm 

season of the year. It is very important to protect animals from heat stress, providing the animal free 

access to the bathroom and in the shade, as for the buffalo is difficult to dissipate body heat by 

having fewer sweat glands and thus a thermo-regulatory system less efficient when compared to 

cattle and zebu cattle (Shafie, 1994; Vale, 1994, 1997). 

 

Major pathological conditions affecting the male genital tract 

Reproductive problems in male buffalo should be considered as frequent and severe. These 

problems must be viewed under the aspect of sterility, infertility or subfertility. Thus, regarding to 

that other major forms of male infertility inherent buffalo are as follows: 

 

i.Partial or complete reduction in sex drive 

ii.  Inability to copulate (impotentia coeundi) 



 

 

iii. Reduced  ability to fertilize the egg (impotentia generandi) 

 

So based on the aforementioned aspects, the following conditions are related to the involvement of 

the fertility of buffalo as a whole, with evidence for some of these clinical and pathological 

disturbances that can lead from a subfertility to sterility. 

 

1. Abnormalities of the scrotum or scrotal sac 

Different forms of abnormalities have been found in the scrotum of the male buffalo, which can be 

easily seen and others that can be hereditary due to the action of the same gene and sometimes 

associated with pathologies in the testis and epididymis. 

These changes in the morphology of the scrotum interfere with the functions in the process of 

testicular thermoregulation, directly affecting spermatogenesis, secondary disorders originating in 

the ejaculate of the animal rushed.  

 

1.1 Bifid scrotum 

Is the alteration of the scrotal sac easier to be observed, since it is the partial division of the two 

segments hemi scrotum, caused by a crack level of the median raphe sagittal at the tip of the 

scrotum. This anomaly has been found in Murrah, Jafarabadi and Swamp breeds and might be 

hereditary. As an anatomical defect, affects thermoregulation of the testes, compromising 

spermatogenesis with the production of a high percentage of ejaculated sperm pathologies. 

 

1.2 Torsion of the scrotal sac / dislocation of the scrotum 

The twisting of the scrotum is generally accompanied by twisting of the testes and is also of genetic 

origin. These problem has been frequently found in buffalo raised in the Amazon region and 

appears to be related to the high consanguinity in some herds that are regional. The adoption of 

herds called POI (Source Pure) by some breeders, led the herd of the breed Murrah, Carabao and 

Jafarabadi to have problems related to serious diseases around reproductive treatment, affecting 

most frequently the scrotum (Vale, 2005). 

 

1.3 Traumatic injuries and inflammatory 

These types of injuries from fights with other males, barbed wire, fences, fences or injury caused by 

blunt dirty grass are frequent. These injuries usually lead to sharp superficial or deep injury not only 

of the bag, or the testis, with hemorrhage, trauma, infections. Also inflammatory lesions of the skin 



 

 

caused by parasitic agents in general - lice (Hematopinus tuberculatus) or scabies (Psoroptes and 

Sarcoptes sp sp.) are responsible for superficial cutaneous lesions in the scrotal sac. 

 

2. Abnormalities of the testis 

The pathology of the testis in the male buffalo can be of genetic/hereditary or acquired origin. 

 

Genetic abnormalities 

2.1. Testicular agenesis or aplasia 

This problem can be unilateral or bilateral. Although there are few citations in the world, testicular 

aplasia was described in Brazil in herds where the existence of inbreeding is very narrow (Ohashi et 

al., 1995). 

 

2.2. Testicular hypoplasia 

Buffalo testicular hypoplasia is a congenital hereditary background, in which the gonad is not 

reaching its normal size. The size can vary from near normal to excessively small. It may be 

unilateral or bilateral, partial or total, affecting and being transmitted to both the male and the 

female. When unilateral, resulting in a diagnosis comparatively easy, with the affected testicle being 

smaller than the other. 

Gonadal hypoplasia in buffaloes seems to have the same clinical and pathological course as in 

cattle, being caused by autosomal recessive gene of incomplete penetration. We have observed that 

often the male is born with the appearance of normal testes, so upon puberty slows development in 

a period of one to three years. According to the expressiveness of the injury, affected males may 

occur sub-fertile, when the problem becomes almost unaware, when mating or sperm production is 

severely affected or sterility. Testicular hypoplasia in bulls buffaloes have been reported as a 

problem in India, Pakistan and Brazil (Kaikini and Patil, 1979, Chaudhry et al., 1982, Ohashi et al., 

1988, Vale and Ohashi, 1994). 

 

2.3. Cryptorchidism 

Also known as "Retentio testis"it is the lack of descent of one or both testicles in males of all 

domestic species and it is also described in the male buffalo. These animals have male sexual 

characteristics, so they are sub-fertile or sterile in the case of bi-lateral cryptorchidism. In unilateral 

cryptorchidism, the testicle being held in the abdominal cavity as the other may remain lodged in 

the inguinal canal or scrotal sac, being able to produce an ejaculate, that despite being normal is not 



 

 

capable of fertilizing a natural egg in a copula. In this case, the animal is sub-fertile, which makes it 

more dangerous from the standpoint of transmission of undesirable genetic traits. 

 

2.4. Arrest development of mesonephric or Wolf ducts 

The mesonephric or Wolf ducts may be affected as a result of development abnormalities during 

embryonic phase, as a result of genetic inheritance. 

 

Acquired abnormalities 

2.5. Orchitis - inflammation of testicle 

Orchitis in male buffalo is generally considered of traumatic, parasitic and infectious origin, being 

accompanied by flushing, tumor, heat and pain. Among the traumatic causes blunt trauma or can 

relate tearing caused by trauma, superficial or deep cuts due to wire, thorns, dirt from the pasture, 

and so on. Infection agents mainly bacteria may reach by hematogeneous spread such as B. abortus, 

A. pyogenes and others as tuberculosis. Orchitis of parasitic origin may also be  caused by miiyasis, 

mites in general, leading to a solution of continuity and commitment of the entire testicular 

structure. Depending on the involvement of seminal process, the seminal picture of the affect 

animal is directly altered, ranging from the presence of large numbers of abnormal sperm with 

purulent discharge in the ejaculate to azoospermia, with incapacity of copulation and sterility. 

 

2.6. Testicular degeneration 

Testicular degeneration at the germinal epithelium is one of the most common cause of male 

infertility in buffalo. This is not a specific disease but a consequence of several factors extrinsic or 

intrinsic that act directly on the testicular germinal epithelium which seems to be  one of the most 

delicate tissues of the body. Ohashi et al., (1988) found that during the degenerative course of this 

pathology occurs a sharp increase of sperm abnormalities, with the predominance of abaxial 

abnormality. Several factors that cause testicular degeneration: acclimation, alterations in 

temperature and scrotal hormonal causes, nutritional deficiencies, concentrate feed mistakenly over-

eating, high protein concentrates (more than 12% crude protein), stricture with excretory tract 

obstruction of semen, systemic disease(fever, parasites, serious chronic conditions, degenerative 

diseases etc..), traumatic factors, inflammation of the testicles or epididymis, radiation (X rays) 

among others. 

 

 

 



 

 

3. Abnormalities of the epididymis 

The abnormalities of the epididymis can also have origin in genetic/hereditary or acquired origin 

 

3.1. Epididymal dysfunction  

 Epididymal dysfunction associated with biochemical problems is the alteration of normal function 

of the epididymis, with origins in functional disorders or infections. Epididymal dysfunction of 

infectious origin occurs in all species, therefore, deserve special highlight to the biochemical 

alterations caused by epididymal plasma that affects sperm during their passage through the 

epididymal duct, described in cattle and swine, as well as buffaloes, being hereditary origin 

(Gustafsson, 1965; Crabo, 1965, Einasson, Gustafsson, 1973; Vale  Filho et. al., 1978, Ohashi et al., 

1988). 

In epididymal dysfunction, the animal usually has normal sperm morphology; the only obvious 

alteration, the permanent presence of high tail folded and distal cytoplasmic droplet, not happening 

any other perceptible clinical alteration in the genital system. The diagnosis is established by the 

clinical history of low fertility player.  

Epididymal dysfunction could be an organic dysfunction, due to a disturbance in the development 

of the mesonephric ducts with espermiostasis and sperm granuloma formation. It was described in 

Brazil by Vale et al. (2002) in a bull of the Murrah breed. Hereditary obstruction occurs at the level 

of efferent ducts, blocked during embryonic development. Upon reaching puberty and initiation of 

spermatogenesis, sperm production accumulates producing ecstasy flowing to the interstitial tissue, 

being strong and constant pressure in the area, making that whole region is reached, then settled an 

inflammatory reaction deep box (Roberts, 1986; Mc Entee, 1990). 

On palpation of the body is observed at the head of the epididymis or the whole body inflammatory 

process, accompanied by flushing, tumor, heat and pain. With the evolution of the process, a 

disturbance occurs in the flow of sperm through the efferent ducts or head of the epididymis, with 

accumulation of sperm in these regions, with espermiostasis followed by the formation of sperm 

granulomas. 

 

3.2. Dysfunction associated with infectious processes epididymis – epididymitis 

Epididymal dysfunction could be associated with infectious processes caused by infectious agents, 

generally associated with orchitis, characterized by bilateral and chronic focal form. 

Inflammatory process is observed at the head of the epididymis or of the whole body, accompanied 

by flushing, tumor, heat and pain. With the spread of the infectious process, a disturbance occurs in 

the flow of sperm through the efferent ducts or head of the epididymis, with accumulation of sperm 



 

 

in these regions, espermiostasis, thereby giving rise to the formation of sperm granulomas. The 

evolution of the process varies from an acute inflammatory process with edema, abscess formation, 

and in chronic cases peri-orchitis and fibrosis of the epididymis.. These lesions are easily palpable 

and detected. Diagnosis is made by clinical symptoms and andrological examination, confirmed by 

the alteration of seminal picture. 

 

4. Pathology of the penis and prepuce 

Differently from the Bos taurus and Bos indicus cases of abnormalities of the penis and foreskin in 

buffaloes are rare and limited to the persistence of preputial frenulum in young animals or processes 

resulting from traumatic accidents during the copulation or foreign body in both organs.  
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INTRODUCTION 

The present chapter will describe the core breeding strategies adopted for the genetic improvement 

of dairy buffaloes, in the eight Countries where, to our knowledge, selection schemes for dairy 

buffaloes have been set up: Pakistan, India, Egypt, Azerbaijan, Iran, Italy, Turkey ,Bulgaria.  

Procedures for the estimation of the animal genetic merit based on milk recording data have been 

designed in these Countries with the goal to identify and disseminate superior breeding stock. 

The following items will be examined for each Country: 

- Number of milk recorded buffalo females;  

- Government and farm involvement;  

- Breeding plan design: progeny test in station or on-field; 

- Dissemination of genetic improvement: artificial insemination or natural breeding  bulls. 

Information here reported were obtained by direct contacts with focal people involved in these 

activities. These people collaborated in a number of international projects since 1993: the FAO 

inter-regional cooperative research network on buffalo (Europe-Near East);the Buffalo Working 

group of the International Committee for Animal Recording (ICAR, 1995-2003); the FAO-ICAR 

Workshop for improved breeding and management strategies for buffaloes (2000).  Supplementary  

and refined information were also obtained from the literature and the web. Some of the statistics 

reported in this chapter are not considered either in national or FAO census, like the number of  

female buffaloes available for mating or the number of buffaloes in milk. Also, data referring to 

milk recorded animals are sometimes official (i.e. published by the government or by breeder 

associations) and sometimes orally reported  by the people in charge of recording activity. Although 

these data should be carefully taken into account, they are useful in providing a general picture of 

the situation of buffalo dairy breeding around the World. 
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Table 1.  Total buffalo population, total produced buffalo milk, n. inhabitants per buffalo and kg 

produced buffalo milk per inhabitant (FAO, 2010). 

 

Country Total buffalo 

population 

Total buffalo 

milk production 

(tons) 

inhabitants/buffalo  kg buffalo 

milk 

/inhabitant 

Pakistan 30,800,000 22,279,000 6 125 

India 111,300,000 62,350,000 11 51 

Egypt 4,000,000 2,763,700 20 35 

Azerbaijan 277,400 Unknown 33 Unknown 

Iran 650,000 279,800 111 4 

Iraq 275,000 23,800 115 0.8 

Italy 344,000 223,241
(1)

 180 3.7 

Turkey 87,207 35,851 811 0.5 

Bulgaria 8,311 7,933 902 1 

(1) Source: Istat, National Institute of Statistics, Rome, 2008.  

 

Table 1 reports data for the eight Countries entering FAO statistics in 2010 plus Iraq, where dairy 

buffalo production is also important, so that Iraq could be considered  as a potential end-user of 

genetic improvement programs. Countries are listed according to their number of inhabitants per 

buffalo head, a parameter that might provide a global picture of the economic importance of 

buffaloes. Countries with the highest relative number of buffaloes are Pakistan, India and Egypt, 

respectively  with 6, 11 and 20 people for buffalo head. Turkey and Bulgaria have the lowest 

relative number of buffaloes, i.e. 1 every 811 or 900 inhabitants  respectively.  The remaining 

Countries have between 100 and 200 inhabitants per buffalo head. The tons of milk produced every 

year (Table1) do not only depend on the individual animal productivity, but they are also affected 

by the proportion of females in milk over the total population, proportion that in turn depends, to 

some extent, on the importance of buffalo as meat supplier.  kg of buffalo milk produced per each 

inhabitant and per year (Table 1) appears to be a more appropriate indicator for evaluating dairy 

buffalo economic importance in each Country because, since the lack of buffalo milk in 

international trade, this statistic is a good approximation of internal consumption in each Country. 

Under this view, Pakistan stands at the top, with 125 kg milk per capita, followed by India and 

Egypt (50 and 35 kg respectively). On the contrary, Turkey and Iraq have the lowest relative 

production: less than 1 kg per capita. No milk data are reported for Azerbaijan by FAO, but it is 
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well known that genetic improvement towards the increase of milk yield has been widely performed 

in that Country since the sixties of the last century, also by crossing the local population with the 

Indian Murrah breed.    

 

Table 2. Evolution in the number of female buffaloes available for mating and milk recorded 

buffaloes during the last decade. 

 

 

 

A further view of the economic importance of buffalo is given in table 2, describing the variation in 

the number of breedable female water buffaloes in the recent years (2000-2011), as well as the 

number of milk recorded buffaloes  in the same time span.  India does not appear in the table, 

because the number of milk recorded buffaloes compared to the total population is always 

extremely low even if it varies among States. Indian data will be later discussed in a specific 

paragraph. As far as Pakistan is concerned, we could access  data for the state of Punjab, home of 

over 70% of the buffalo population of the Country, and North West Frontier Province (NWFP), 

home of about 8% of Pakistan buffalo population.  From table 2, one can see that over the last 

 Female buffaloes available for 

mating 

Milk recorded 

female buffaloes 

Percentage of milk 

recorded out of total 

females 

 
2000 2010-2011 

% 

variation 
2000 

2010-

2011 
2000 

2010-

2011 

Punjab 

(Pakistan) 
7,900,000 13,534,768 +71% 6,000 17,000 0.007 0.01 

NWFP 

(Pakistan) 
- 1,000,000 - - 2,000 - 0.002 

Egypt 1,450,000 1,700,000 +17.2 1,730 7,000 0.1 0.4 

Azerbaijan 135,000 128,400 -4.8 8,000 1,200 5.9 1.0 

Iran 276,000 234,000 -15,0 9,000 8,300 3.3 3.5 

Italy 150,000 240,649 +60.4 32,806 54,548 21.8 22.7 

Turkey 85,000 40,372 -52.5 277 200 0.3 0.5 

Bulgaria 5,800 6,300 +8.6 470 400 8.1 6.3 

Canada - 1,000 - - 300 - 33.0 
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decade buffaloes had an extraordinary increase in Italy (+60.4%); a good increase in Egypt and 

Bulgaria (+17.2% and +8.6%); a strong reduction in Turkey (-52.5%) and some reduction in Iran (-

15%). However, the best indicator of the relevance of milk recording activity is the percentage of 

milk recorded female buffaloes out of the total number of females available for mating (table 2). 

Italy has the highest percentage (22.7% in 2011), followed by Bulgaria (6.3%) and Iran (3.5%). 

Most of the examined Countries maintained the same proportion of recorded out of total females 

during the last decade, except Azerbaijan, where this value decreased from nearly 6 % down to 1%. 

It is worth noting the increase in the proportion of recorded females from 0.1% in 2000 to 0.4% in 

2011 in Egypt throughout the same period: this is a very promising indicator of a successful 

selection activity, if one keeps in mind the very high number of female water buffaloes (almost 2 

million) in that Country.   

Table 3: Recorded buffaloes, lactation length and lactation performances (2011) 

 

Country Breed Recorded 

buffaloes 

Lactation 

length (d) 

Lactation 

yield (kg) 

Fat% Protein% Responsible 

organization 

Punjab 

(Pakistan) 

Nili Ravi 
17,000 278 1,840 - - 

Government 

of Punjab 

NWFP 

(Pakistan) 

Nili Ravi 

Kundi 

Azekheli 

2,000 284 2,370 - - 

Government 

of NWFP 

Egypt Egyptian 7,000 295 2,050 8.0 - University 

Azerbaijan Azeri and 

Murrah cross 
1,200 285 1,100 8.4 4.9 Government 

Iran 

Khuzestani 4,000 240 1,900 6.4 - 

Government Azeri 3,500 215 1,450 6.7 - 

Mazandarani 800 240 1,300 6.8 - 

Italy Mediterranean 

Italian 
54,548 271 2,134 8.4 4.7 

Breeder 

organization 

Turkey Anatolian 
200 250 1,000 6.5 4.3 

University 

project 

Bulgaria Bulgarian 

Murrah 
400 278 1,780 7.6 4.5 Government 

Canada various 300 300 2,000   Government 
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Descriptive  statistics of recording activity for the genetic improvement of milk traits are presented 

in Table 3. These data only represent national situations: no technical inference can be drawn due to 

the different breeds kept in each Country. Also, milk yield largely depends on management, feeding 

in the first place, and management systems are extremely variable across and within Countries. It is 

important to note that fat content is generally given more importance than protein content, and 

therefore it is being recorded in all Countries except Pakistan. Usually, either the national or the 

regional government are responsible  for recording,  but in two cases the responsibility is up to 

breeder organizations (Italy and Egypt) even if under  direct supervision by the government. An 

exception is represented by Turkey, where the recording activity was initiated by a research project 

of the University of Antakia, and later  maintained by the efforts of researchers and farmers. 

To our knowledge, Iran is the only Country where recording and selection activities are separately 

designed for each of the existing breed in the territory. In other breeding systems, where more than 

one breed exists, and particularly in India, such differences are not taken into account, but bulls of 

higher genetic merit are selected and used to inseminate any buffalo female, no matter which breed 

of origin. In Bulgaria and Azerbaijan, where a well-planned crossbreeding with Murrah breed has 

been performed for decades, a new genotype has been fixated and it has become the reference 

population for the national genetic improvement scheme. 

The impact of a genetic improvement program can be measured by the extent of the use of breeding 

bulls of higher genetic merit, either through AI or natural breeding  (Table 4).  All of the Countries 

in the table have semen stocks from the bulls of their own breeds: however the extent of the use of 

AI is extremely variable. In some Countries AI is widely used, far beyond the needs of the selection 

scheme. In Pakistan and Iran AI is also used outside the selection activity, on non-recorded 

buffaloes too. In those Countries, the A.I. service is offered by the government to farmers with very 

small herds (1 to 5 cows) that cannot maintain their own breeding bull, upon the payment of a 

congruous but affordable fee.  In this way, the government prevents the uncontrolled mating widely 

occurring in areas where all buffaloes from a village graze for the whole day at range together with 

one or few unknown young bulls. Different is the case of Egypt, where bulls are selected for the AI 

through projects and activities not linked with the official milk recording organization: in this case 

bulls are chosen for their body conformation and physical fitness and they are given to female 

buffaloes that are not included in the milk recording system.  

Breeding stations for natural insemination, where farmers lead their buffaloes to when in heat, have 

maintained their importance in Azerbaijan and Bulgaria only. These stations  maintain and select 

bulls of higher genetic merit, estimated from milk recording data collected either on-field or in a 

few nucleus herds. In Egypt, this type of natural service is offered to the neighbor farmers either by 
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research centres (Animal Production Research Centres) or by the Ministry of Agriculture through 

its own experimental herds, or again by larger  breeders making their own bulls  available to smaller 

farmers in the neighborhood, for natural service. 

 

Table 4. Dissemination of genetic improvement 

 

 Recorded 

buffaloes 

AI 

centres 

Inseminations 

effected with 

semen of local 

bull 

Natural 

breeding 

stations 

Imported semen 

doses/Country 

(during the past 

5 years) 

Imported by: 

Punjab 

(Pakistan) 
17,000 3 588,600 0 0 - 

NWFP 

(Pakistan) 
2,000 1 143,000 5 0 - 

Egypt 7,000 na 8,000 0 
6,000 (from 

Italy) 

Government 

and private 

Azerbaijan 1,200 1 2,550 4 
9,000 (from 

Iran) 

Government 

and private 

Iran 8,300 2 11,000 0 
10,000(from 

Italy) 

Government 

and private 

Italy 54,548 3 10,000-12,000 0 0 - 

Turkey 200 0 0 0 
1,000(from 

Italy) 

Research 

project 

(University 

Antakia) 

Bulgaria 400 1 100 2 
1,000 (from 

Italy) 

Research 

project 

(Agricultural 

Academy) 

Canada 300 1 450 0 

4,000 (from 

Italy   and 

Brazil) 

Private 
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A more detailed description of the breeding strategies implemented in each Country follows. 

Although India could not be included in the previous tables, because Indian milk recording 

activities have been developed and managed by local projects and organizations, a brief description 

of these projects will also be presented.   

 

 

 

INDIA 

India is home to the majority (55.7%) of the World water buffalo population (Kumar and Singh, 

2010), and  to some of  the most famous milk breeds, namely Murrah and Nili Ravi, both having  

high potential for milk and fat production. The framework for a buffalo breeding policy was 

formulated at the federal level  since the mid sixties of the last century, and single states have ever 

since evolved their own breeding policies. The national breeding policy set for the selective 

breeding for milk of the main buffalo breeds in the Country, grading up the non-descript and low 

producing breeds of buffaloes with Murrah (Kumar and Singh, 2010) . 

In October 2000, the Government of India initiated a major program for the genetic improvement of 

dairy buffalo and cattle by launching the  ‘National Project for Cattle and Buffalo Breeding’ 

(NPCBB) over a period of ten years, in two phases of five years each, with appropriate financial 

funding allocation.   

Main objectives of the NPCBB scheme included:  

 to arrange delivery at the farmers’ doorstep of vastly improved artificial insemination (AI) 

service; 

 to bring all cattle and buffalo females available for mating under organized breeding by 

artificial insemination or natural service by selected bulls; 

 to undertake breed improvement programs for indigenous cattle and buffaloes so as to 

improve  their genetic  level  as well as their availability. 

The objectives were pursued through:  

 streamlining of storage and supply of Liquid Nitrogen from sourcing supply to bulk 

transport, down to on farm storage systems; 

 introduction of quality bulls with high genetic merit; 

 promotion of private mobile AI service for doorstep delivery of AI; 

 conversion of existing stationary government A.I. centres into mobile services;  

 quality control and certification  of  bulls and services at A.I. stations, semen banks and 

training institutions;  
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 introduction of breeding bulls for natural service in the areas not under AI coverage;  

 institutional restructuring by way of entrusting the management of selection schemes, semen 

production,  and supply of Liquid Nitrogen to specialized autonomous state agencies (SIAs): 

since inception of the project (2000),  27 SIAs have been constituted in 28 States.   

 

The National Dairy Development Board (NDDB) is the most important Indian managing body for  

the activities connected with genetic improvement of buffaloes and cows. It is an institution of 

national importance set up by an Act of Parliament of India. The main office is located in the State 

of Gujarat with regional offices spread throughout the Country. NDDB was created in 1965, to 

extend the success of the Kaira Cooperative Milk Producers' Union (Amul) to other parts of India, 

success being due to the opportunity of marketing  liquid milk and milk products,  while supporting 

farmer investment with inputs and services.  NDDB has now integrated 96,000 dairy co-operatives. 

NDDB launched its Perspective Plan 2010 with four thrust areas: Quality Assurance, Productivity 

Enhancement, Institution Building and National Information Network. The majority of the buffalo 

population (72%) is concentrated in the north and western states, including Haryana, Punjab, Utter 

Pradesh, Rajasthan, Gujarat, and Maharastra, and in most of them NDDB is active.    

Recording systems started with the main purpose of achieving genetic improvement in milk and fat 

production in buffalo populations, through a well-planned, field-based progeny-testing program. All 

buffaloes registered under the program are eartagged  at birth, and all events of artificial 

insemination, pregnancy diagnosis and calving are recorded. First lactations are milk-recorded 

morning and evening once a month throughout the entire lactation. A sample of milk is collected at 

every test day in a sample bottle and tested for fat percentage at the dairy cooperative society in the 

village. With the help of cooperative unions,  A.I. stations directly monitor  the growth of the young 

future sires, born from planned mating of top proven sires with top recorded females.  At the 

beginning, farmers would not participate in the program unless they received back some immediate 

benefits, and the program could not develop. Because genetic improvement programs in large 

animals do not show any detectable benefit in the short-term, in order to ensure active participation 

of farmers, some specific programs were initiated for improving management, nutrition and health 

care of the animals: rationing of milking animals and de-worming service of calves were provided 

free-of-charge. Special attention was given to the health of  female calves, while the information 

system provided the farmers with information useful for management improvement.   

India is a huge Country, nearly a continent, and it is very difficult to discuss in general terms the 

actual implementation of genetic improvement schemes in each region and to evaluate their 

benefits. We here report the case of the Meshana district of Gujarat (Trivedi, 2000), as an example 
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of the breeding plans adopted  in most of the regions where a selection program exists. However, it  

has to be kept in mind that only a small percentage of  breedable buffaloes females are included in 

the program (between 2 and 5%, depending on the region). 

The design of  the progeny test, referred to as “Dairy Herd Improvement Program Actions (DIPA)” 

was developed to serve about 6,000 to 10,000  mature buffalo females kept in household of 2 to 5 

animals, distributed  in 30-50 villages across six districts. The scheme requires a set of 10-20 bulls 

to be tested every year. Some 2 000 semen doses per bull to be tested are distributed in DIPA  

villages in a way that the number of daughters born from each bull in test across all DIPA villages 

were more or less  equal. To achieve this, an artful bull semen distribution schedule is followed. 

Semen doses from all bulls in test are distributed every month. Every month each DIPA village 

receives semen doses from only one bull: however, semen doses from different bulls are 

contemporarily used in each village so to ensure that, within a year, bulls in test are used in each  

village and across all villages. In this way, daughters of tested bulls are given birth in most villages 

and throughout the entire year. Besides test doses, a minimum of 5,000 doses per bull are stored till 

progeny test results ofbulls will be available. Stored doses of the highest ranked bulls are then used 

in planned mating in order to produce the next generation of sires. 

Another goal of the program is to increase the diffusion of AI service by providing more villages 

with AI facilities: in turn, the diffusion of A.I. is likely to increase the size of the population under 

selection and the effectiveness of the selection program itself.    

The NCBB program separately operates on buffalo and dairy cattle, but both species are given the 

same importance and they undergo the same strategies. Results we here present were obtained from 

different sources.  The Department of Animal Husbandry, Dairying and Fisheries, Ministry of 

Agriculture, Government of India  (http://dahd.nic.in/dahd/schemes/animal-husbandary/f-no-48-

72009-ts-sheep/national-project-for-cattle-buffalo-breeding.aspx) reported that semen production 

(buffalo and cattle) increased from 22 to 63 million doses, and number of AI served females 

increased from 21 to 52 million  between 2000 and 2011.  In the same period, 36,000 Government 

Stationary AI centres have been converted into mobile AI centres; 21,000 private AI centres were 

established;  some 50,000 AI workers were trained in all the aspects of frozen semen technology; a 

Central Monitoring Unit was established to evaluate A.I. stations once every two years; a Minimum 

Standard Protocol for progeny testing and standard operating procedures for AI technicians was 

formulated and circulated among all Indian States;  34 A.I. stations in the Country acquired ISO 

certification during 2004 and finally the number of lactating cows and buffaloes increased from 62 

million in 2000 to 77 million (50 million of which buffaloes) in 2008.  India nowadays produces 

111 million tons of buffalo milk from 50 million buffaloes in milk. However, it is not possible to 
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evaluate the benefits achieved by the various selection schemes, including different breeds, just by 

looking at the individual milk yield of recorded buffaloes. A more penetrating picture of the 

potential of buffalo breeding strategies in India is given in table 5, reporting animal population 

statistics for the Indian states where, according to Kumar and Singh (2010), 72% of Indian 

buffaloes are kept.  According to that table, buffaloes have larger economic impact than cowsin all 

of the considered states, except than in Maharastra  where the ratio buffaloes/cows in 2007 was 40 

to 60. In those states the numbers of breedable buffaloes and the number of natural breeding bulls 

remained more or less the same, but the number of performed artificial inseminations during the 

decade 2001-2009 almost triplicated.  Although the statistics about AI do not separate between 

buffaloes and cows, it is evident that the huge increase of the AI activity in a decade (+8 times in 

Gujarat,  +4.6 times in Rajastan), being the population of  breedable buffaloes nearly constant, 

indicates that selection activity on buffalo has widely expanded.  

 

Table 5. Descriptive statistics of buffalo production in some Indian states  

 

 Female buffaloes 

available for 

mating /000 

Female cattle 

available for 

mating /000 

 

Buffalo 

bulls/000 

AI performed/000 

State 2003 2007 2003 2007 2003 2007 2001/02 2009/10 

Gujarat 4177 4732 2621 2739 133 169 645 5167 

Haryana 2957 2866 616 645 169 139 802 2171 

Maharastra 3652 3486 5208 5188 270 283 1960 3235 

Punjab 3279 2913 917 892 99 77 2229 3445 

Rajastan 5641 5728 4844 5353 89 96 638 2951 

Uttar 

Pradesh 
11024 11206 6034 6804 1610 1680 1703 3710 

 

 

PAKISTAN (PUNJAB)  

Milk recording system and selection activity have been implemented by the Livestock and 

Dairy Development Department of Punjab. About seventeen thousand Nili-Ravi buffaloes are 

currently milk recorded (Table 3) in seven large dairy herds belonging either to research institutes 

or to the Army, as well as by 27 field centres, performing milk recording  in smallholdings of 5 to 
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20 buffaloes. Average milk production has constantly improved over the years in the registered 

population and reached (year 2011) 1,840 kg over lactations 278 days long. Elite buffaloes have 

been reported to produce between 3,000-5,000 kg per lactation. Institutional herds are recorded 

weekly while recording at farmer level is performed  monthly. Fat and protein contents are not 

recorded. In the Punjab province, about 10% of female buffaloes are artificially inseminated. 

However, at the government livestock farms, 100% percent of females are inseminated by frozen 

semen from proven or on-test bulls. For bull selection, a progeny-testing program started in 1980, 

and high pedigreed bulls are selected on milk production yields of their daughters. Government 

livestock farms are the principal centres for bull production, and more than 300 bulls have so far 

been progeny tested. In Punjab, semen is produced and stored at Semen Production Units at 

Qadirabad (Sahiwal),Kalurkot(District Bakhar) and Karaniwala (District Bahawalpur) under the 

Directorate of Breed Improvement of Punjab, which controls the production and distribution of 

semen throughout the Country. 

 

ITALY 

The Italian Breeders’ Association (AIA) is currently in charge of milk recording, while the Herd-

book and its selection scheme were handed over in July 2000 to the Italian Buffalo Breeder 

Association (ANASB). All activities by AIA and ANASB are performed under the supervision of  

the Italian Ministry of Agriculture.  Milk recording started in 1977, following the procedures used 

then for dairy cows (Recording type A4: technicians going on farm every four weeks). 

In 1987, AIA started progeny testing trials based on the following scheme: to put in test at each 

yearly cycle up to 12 buffalo bulls, so to produce 5,800 semen doses each; to immediately use 800 

doses for testing and to store the remaining 5,000 for future use. Each bull in test was expected to 

successfully inseminate 200females (2 inseminations/female), so to have at least 15 daughters/bull 

ending their first lactation. These expectations took into account pregnancy failures, embryo 

mortality, sex ratio at calving, and mortality of the daughter before ending the first lactation. Forty-

six young bulls were progeny tested during six campaigns performed by AIA, from 1987 to 

1995and seventeen positive bulls were issued for breeding. From 2000, ANASB took charge of all 

the selection activity for dairy buffaloes, including progeny testing trials. Eleven progeny testing 

cycles have been performed since then, in which 43bulls were put on-test. In order to be candidate 

to the progeny test, a young bull must fulfill the following criteria:  

1. To be the son of a Bull Dam with:   

a. minimum 80 scores (Good +) in morphology linear evaluation for the udder;  

b. a genetic evaluation with PKM selection index (see later) at least in RANK 80; 
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c. if no genetic evaluation is available, the dam must have yielded at least one 270 day 

officially recorded lactation with minimum values of 3,100 milk kg, 7.7% fat and 

4,5% protein;   

d. sire and dam registered in the Herdbook. 

2. To be the son of a Bull Sire with: 

a. minimum 80 scores (Good +) in morphology linear evaluation; 

b. a genetic evaluation with positive PKM selection index. 

3. To pass a specific morphology evaluation by breed experts. 

Every candidate bull goes first to a quarantine centre for veterinarian controls. Young bulls are then 

taken to semen collection unit (currently there are two of them in Italy) where functional 

characteristics of the collected semen are analyzed. From each bull in test, 1000 semen doses are 

collected to inseminate approximately 400 females. 

Twice a year genetic merit for milk, mozzarella yield (PKM), fat and protein percent, fat and 

protein kg, are calculated by an animal model. Because more than one bull in each mating group is 

commonly used in on farm natural mating, genealogy registrations of the buffaloes included in the 

animal model often are not complete. Since 1993, paternitytest based on DNA markers is available 

and it is compulsory for registering new born in the Herd-book. However, because all lactations 

starting from 1980 are routinely processed in the animal model, many older buffaloes for which the 

genetic merit is calculated come from unknown sires. Problems related to paternity in buffalo have 

always existed and even today they are not easy to solve due to logistic and financial constraints; 

however, it is not possible to wait till the paternity matter is completely solved before implementing 

genetic improvement programs, and so the genetic importance of buffalo females is still much 

higher than in dairy cattle. ANASB is working hard to increase the reliability of genetic merit 

predictions.  

The most recent data base used for genetic evaluation procedures (June 2012) included 40 approved 

AI bulls (28 of them still positive for PKM to date) and 545 natural breeding bulls. The genetic 

merit of progeny tested bulls is  re-calculated at each round of data processing including new 

lactations from older and new progeny. The genetic merit of natural mating bulls is also calculated 

provided that minimal requirements of number of daughters and connectedness with other herds are 

satisfied. The need of knowing the genetic merit of natural mating bulls is strongly perceived by the 

managers of larger farms (over 90 females) who often use their own bulls in natural mating. Genetic 

merit of younger  animals (heifers and male calves for natural mating) is expressed as a pedigree 

index.  
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Since all of the buffalo milk produced in Italy is used to produce Mozzarella cheese, the most 

important breeding goal for Italian buffalo is the estimated mozzarella yield per lactation (PKM), 

and the genetic merit for this trait is calculated in a single-trait animal model as well as for milk 

yield and milk components (kg and percentage). Mozzarella yield (kg) takes into account the milk 

production over 270 day standard lactation, weighed by coefficients estimated from cheese making 

trials considering the effect of milk components: PKM  = Kg Milk  * { [ (3.5*protein% + 

1.23*fat%) – 0.88] / 100}. Results are published by ANASB twice a year: a printed catalogue 

reports the top 1%  Italian buffalo cows with the highest genetic merit for mozzarella and milk 

production, as well as the genetic merit of AI approved bulls. Genetic merit of natural breeding 

bulls is provided on demand to the bull owners only.  

In 2011,  about 11,000 semen doses have been used for AI within the herd-book, doses which 

belonged to 6 bulls in progeny testing and 6 tested bulls. 

 

EGYPT 

The Cattle Information System/Egypt (CISE) of the Cairo University performs milk recording on 

7,000 buffaloes (2012), in small (up to five heads), medium (six to 20) and large (more than 20) 

herds. The activity started in 1989 and it increased exponentially, extending to 13 governatorates. 

Milk test technicians are part-time staff employed by CISE. The central processing unit is 

composed of 6 staff including computer technicians and secretary. All data are centrally processed 

and monthly herd summaries are given back to registered farmers at each monthly test. Information 

include individual milk yield as well as advising for farm management, particularly on reproductive 

practices. In the case of small farmers (one to five animals) the basic unit is the village, each village 

having a milk test technician who works as a link between CISE and single farmers. Calculation of 

the genetic merit of recorded buffaloes and breeding bulls is in progress. CISE has also established 

a nucleus herd of 30 buffaloes in Cairo with the purpose to produce calves and semen of higher 

genetic merit to spread out in the Country. In parallel to CISE, the Animal Production Research 

Institute (APRI) of the Ministry of Agriculture and Land Reclamation (MALR) owns four State 

buffalo farms (800 animals altogether), for research purpose. In one of these farms (Kafr El Sheikh) 

a nucleus herd was started in 1997 with 200 breedable females. At each generation, nucleus size 

increases because only the worst yielding females are culled. Bulls of higher genetic merit are used 

to produce semen or they are sent to natural breeding stations and never used again in the nucleus. 

AI is still performed at a very limited extent, and limited to single projects: currently it is only used 

in the 0.5% of the medium to large herds. AI bulls from APRI  are selected based on milk recording 

results performed within the APRI nucleus. CISE also is working to establish an open nucleus 
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breeding scheme for the genetic improvement of Egyptian buffalo, and provides milk recording 

results of the dams and relatives for a minor proportion of young bulls intended to be trained for AI.  

The research centres (branches of the Animal Production Research Centre) and the Ministry of 

Agriculture, through their own experimental herds, serve as natural breeding stations for the nearby 

farmers. Also larger farmers in the Country, raising their own bulls, make these bulls available for 

natural service to smaller farmers in the neighborhood, under a congruous but affordable fee (about 

2 US dollars=10-20 Egyptian Lire; 2012).  

Italian semen has been imported in a few thousand doses: the major part is used in a large social 

project jointly managed by the no profit organization “Misr Al-Khair” and the “Egyptian Buffalo 

Producers Association”. The project distributes crossbred pregnant heifers among poor families in 

the  governorates of Upper Egypt. Furthermore, some large buffalo breeders (who own >200 heads) 

use Italian semen aiming to increase milk yield of their animals.  

 

IRAN 

In Iran milk recording and selection activities are implemented by the central government through 

the Animal Breeding Centre of Karaj. Recorded buffaloes are 3.5% of the total population (2012). 

Besides the official recording system provided by government technical staff, a semi-private 

recording  system has been established by the farmers and the staff of local cooperatives. In both 

cases, executive operations are supervised by the Animal Breeding Centre. Milk recorded herds are 

provided with a wide set of information on the productivity of their buffaloes and with the  breeding 

values of males. The latters are centrally calculated from production data of their daughters and 

related females.   

Recording and selection activities were separately designed for each of the existing breeds in the 

territory, following a specific policy of maintaining and improving buffalo biodiversity.  For the 

same reason, two different performance testing/AI stations exist, one in West Azerbaijan (Jabal 

station), keeping 8 bulls, and the other in Kuhzestan with 7 bulls (2012). Bulls are pre-selected by 

provincial experts based on maternal performance and their body type; they are then taken to the 

station between 6 and 18 months of age. Genetic merit of these bulls for milk and fat yields and 

body conformation scores are estimated by animal models.  Artificial insemination activity, which 

started less than two decades ago, has increased in importance and it is estimated that 11 thousand 

doses of bulls of the three local breeds are used every year, resulting in 4,400 pregnant buffaloes. 

Only half of these doses are used to inseminate registered buffaloes in the milk recording scheme, 

meaning that also non-recorded buffaloes are offered AI from bulls of higher milk merit, if the 
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farmers show interest in the genetic improvement of their herd.  It is interesting to note (Table 4) 

that Iran exported buffalo semen doses to Azerbaijan. 

There are no natural breeding stations in Iran but, generally, small-medium holders (1-20 buffaloes) 

that represent 95% of the buffalo farmers grow their own breeding bull from their stock (50%) or 

borrow a bull from a neighbour (10%). However, 40% of the buffaloes are left to be bred at range 

by unknown bulls. The big farmers either raise their own breeding bulls or buy (15%) a bull from 

another farm with proven milk genetic merit provided by the Breeding Centre. 

 

BULGARIA 

Although buffaloes in Bulgaria play  an insignificant role in agriculture as compared to cattle, they 

have an important potential for  the economy of the region (Peeva, 2009):Bulgarian  buffalo has 

passed through three basic stages of development – the first stage was the breeding of local 

Medirerranean population, the second was the crossbreeding of the local buffaloes with the Murrah 

breed from India and the third, current  stage is strictly connected with the market demand (Peeva, 

2009). Milk recording system in Bulgaria dates back to 1953, when  dairy farms with 100 to 500 

buffaloes were established in every district of the Country, with the goal of establishing a well-

organized  improvement scheme, based on machine milking and animal selection units. Nowadays, 

milk recording and selection activity in Bulgaria is promoted and managed by the Regional Agency 

for Selection and Reproduction with scientific and technical support by the Agricultural Institute, 

Department of Buffalo Breeding,  Shumen. Although buffalo production in Bulgaria is not as 

important as cattle production, a well-planned genetic improvement activity  including 

crossbreeding with the Murrah breed was implemented in the sixties, so that this livestock 

maintains an important position in the economy of the Country, and the number of buffaloes 

remained constant during the past decade (Table 2). Milk recording activity currently covers 6.3% 

of the total buffalo population. However,  the majority of buffaloes (80% of the total population) are 

reared in small herds (1-5 animals) and most of these farmers leave their buffaloes to be bred in 

village fields even if some of them make use of the two governmental natural breeding stations,  

each with 3 to 4 bulls kept per year. In addition, there is one AI station possessing two bulls, 

providing  8,000 semen doses every year. However, only 100 doses of the local bulls are used on 

the recorded population, likely because the farmer has to pay 5-7 euros for each insemination 

(2012).  

The genetic merit of both AI and natural breeding bulls is estimated by a BLUP animal model on 

the records of daughters and related animals, and calculations are performed by the Agricultural 

Institute, Department of Buffalo Breeding, Shumen.  
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Recently and thanks to a research project, 1,000 semen doses of Italian bulls have been imported, 

doses which are being used on the Bulgarian Murrah population.   

  

TURKEY 

The number of buffaloes in Turkey decreased by 50 % in 10 years (Table 2), mostly because 

buffalo farming in Turkey was traditionally performed in extensive systems, with buffalo grazing 

the whole day with no care by the owners for feeding or any other management practice. 

Mechanization has reduced grazing areas by making agricultural practice more profitable. The 

Turkish government has encouraged the establishment of new buffalo herds, but more as a measure 

to prevent the erosion of genetic resources than  to promote an economy based on buffalo dairy 

products. Because farmers were not prepared to raise buffalo intensively, and despite the 

government financial support, the number of buffaloes has tremendously decreased.  Eighty three 

percent of buffaloes in Turkey are raised by smallholders (one to five animals); the remaining 17 

percent are raised by medium-size farmers (eight animals on average). All of these farmers, except 

the few mentioned recorded ones, leave their buffaloes to be bred at range by unknown bulls.  

In this context, no milk recording systems for buffalo at the national level has ever been established 

in Turkey. However, good examples of recording activity are found in two research herds, the first 

owned by the Mustafa Kemal University of Antakia (Hatay province) and the second at Kocatepe 

Research Institute. The Department of Animal Production of the Mustafa Kemal University of 

Antakia, beyond the regular milk recording activity initiated in 1996, has enlarged the system so to 

include small buffalo farmers of the Ilikpinar village  (Hatay province). The activity started thanks 

to a project developed within the FAO inter-regional cooperative research network on buffalo 

(Europe-Near East). This project, which started in 2002, included all of the four components  

targeted by FAO when  the network was established:  

- training of local people, because  three Turkish  veterinarians were trained for AI;  

- development, because buffalo milk yield and reproductive efficiency were improved; 

- research, because progeny testing trials and genetic evaluation procedures were studied; 

- cooperation, between Italian and Turkish researchers.  

Now, milk yield of about 200 buffaloes is being recorded, representing a small percentage of the 

Turkish breedable buffaloes (0.5%) but a very good example of offering genetic improvement 

services to small farmers in a few villages of the Hatay. Within the project, 1,000 semen doses of 

Italian bulls were imported. However, and although the daily milk yield of one single village 

(Ilikpinar) amounts to 500 kg milk/day, the buffaloes included in this project cannot increase in 

number without an effort to promote and improve marketing of milk. Because  pasteurization is 
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necessary, government or private plans at wider level are needed  for promoting buffalo production 

in Turkey.    

 

AZERBAIJAN 

Buffalo breeding has a very long history in Azerbaijan. In the fifties, a buffalo breeding research 

centre was created that was instrumental in  creating a new Caucasian breed of buffalo, through 

crossbreeding with the Indian Murrah. After the collapse of the Soviet Union, the Country faced 

tremendous problems in finding financial resources for research as well as for maintaining the 

genetic improvement schemes.  

The number of breedable buffaloes has only slightly decreased during the recent decade; however, 

the number of milk recorded buffaloes has dramatically decreased, so that only 1% of the breedable 

females are now recorded, and the majority of them are kept in the four nationally controlled herds,  

that also work as natural breeding stations. There is also one AI centre, with 4 bulls, that produces 

about 10,000 doses/year (2012), and the majority of milk recorded buffaloes are offered AI. Semen 

doses of Iranian buffaloes have also been  imported in recent years (Table 4).  

Contrary to what occurs in Turkey, the practice of leaving buffaloes to be bred at range by unknown 

bulls is not used. All farmers grow their own bull from their calves; small farmers often buy bulls 

from other owners at the age of three to five years. In Azerbaijan, the number of registered bulls in 

2012 was 3,692.   

 

CANADA  

Water buffalo are being introduced into Ontario as an alternative livestock species to provide a local 

solution to the growing demand for buffalo milk, cheese and meat products, encompassing local 

restaurants and individual households, notably those with Italian and South East Asian heritage. 

Canada has a long tradition of cow milk recording, dating back to 1905 when the Federal 

Government established a national recording program. Over ten thousand cow herds (2008) were 

milk recorded with over seven hundred thousand cows, ninety percent Holstein. It was only natural 

that some breeder, passing from cow to buffalo breeding, asked for the registration in the milk 

recording system, by adhering to the same regulations provided for the cows.  At present (2012) 

only 300 buffaloes, out of 1.000 breedable females, in 14 herds, are milk recorded. Semen doses 

have been imported from Italy and Brazil (Table 4). 
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IV. INTERNATIONAL ORGANIZATIONS 

 

Antonio Borghese 

 

General Secretary International Buffalo Federation, Coordinator FAO-ESCORENA 

Buffalo Network 

antonio.borghese@email.it – antonio.borghese@escorena.net 

 

 

THE FAO INTER-REGIONAL RESEARCH NETWORK ON BUFFALO FOR EUROPE 

AND THE NEAR EAST (BUFFALO NETWORK) 

 

The Italian Animal Production Research Institute in Monterotondo (Rome) is the coordination 

center for the FAO Buffalo Research Network. The General Coordinator is  Prof. Antonio 

Borghese. This Network is part of the FAO European System of Cooperative Research Networks 

for Agriculture (ESCORENA) which includes 13 networks, six of which include other regions in 

addition to Europe. In 1992 FAO decided to assign some funds in order to establish a 

Buffalo Research Network for countries where buffalo research occupied a secondary role 

compared to research on cattle.  

The main objective of the Network is to develop a system of cooperation among research 

institutions from buffalo-producing countries of Europe and the Near East with a view to providing 

scientific and professional support to the buffalo production sector in general, and to small 

subsistence farmers in particular. The Network collects and analyses data on production systems, 

buffalo reproduction and marketing of buffalo products, and disseminates this information through 

meetings, workshops and the "Buffalo Newsletter". Short to medium-term objectives include the 

collection of data on animal genetic diversity, reproduction and the establishment of performance 

recording systems. 

The Network organized different Symposia. About reproduction: an International Symposium on 

Buffalo Reproduction (Sofia, Bulgaria, 6-8 October 1995) the proceedings of which were published 

in the Bulgarian Journal of Agricultural Sciences (1996), and a Satellite Symposium during the 54
th

 

Annual Meeting of the European Association for Animal Production (EAAP) “Recent Progress in 

Buffalo Reproduction” (Rome, Italy, 30 August 2003), the report of which was published  in the 

Proceedings of the II° Congresso Nazionale sull’Allevamento del Bufalo (Monterotondo, Roma, 

mailto:antonio.borghese@email.it
mailto:antonio.borghese@escorena.net


28-30 Agosto 2003). The Network  was responsible for organizing a Symposium on Buffalo 

Resources (Cairo, Egypt, October 1996) the proceedings of which were published by the 

Animal Production Research Institute of Cairo; it organized the International Symposium on 

Buffalo Products held at Paestum, Italy (1-4 December, 1994),  published in the EAAP publication. 

The Network applied simplified guidelines in accordance with the standards of the International 

Committee for Animal Recording (ICAR), which promoted a Meeting in Slovenia (Bled, 16-17 

May 2000). 

 

Buffalo Newsletter 

The scientific-technical journal of the Buffalo Network (the Buffalo Newsletter) is published 

regularly twice a year and has a circulation of 1 200 copies. This is an important and unique means 

of communication among developing and developed countries for the exchange of knowledge and 

research results. Now the Buffalo Newsletter is published only in electronic format and it is also the 

Official Bulletin of the International Buffalo Federation. 

 

RECENT DEVELOPMENTS OF ESCORENA  

 

Support for ESCORENA Thematic Knowledge Networks in Agriculture, Institute of Natural 

Fibres Poznań, Poland, 2008. 

The objective of the workshop in Poznań in April 2008 was to define achievable goals for the 

establishment of Internet-based knowledge sharing approaches for the ESCORENA network. The 

Institute of Natural Fibres declared full help and contribution with its staff and facilities to improve 

ESCORENA activities. 

In his opening presentation Prof. Kozlowski presented the background of the ESCORENA network, 

its history and objectives. He summarised that ESCORENA stands for the voluntary exchange of 

persons and technologies, in order to establish close links between European researchers and 

institutions working on the same subject and to stimulate interaction. ESCORENA seeks further to 

accelerate the transfer of European technology advances and cooperation with developing countries. 

 

Short presentations of the ESCORENA networks’ coordinators  

Mr. Wojciechowski, coordinator of the Veterinary Biotechnology and Epidemiology Network 

(CENTAUR), reports about 2000 links to their webpage http://centaur.vri.cz/ which is recognised 

on global scale. 

http://centaur.vri.cz/


The Pastures and Fodder Crops Network represented by the coordinator Mr. Alain Peeters, was 

created in 1962 by originally four countries. In 1972 the network joined ESCORENA and three sub-

networks (working groups) were created. 

The Sheep and Goat network, represented by Mr. Hichem Ben Salem, has been part of the 

ESCORENA network since 1995. Conferences within the network are taking place every two years 

with the support of CIHEAM. No network webpage exists but network’s activities are partly visible 

through the CIHEAM webpage. 

The COTTON network, represented by its coordinator Ms Urania Kechagia, was created in 1990 

and has members in various Mediterranean countries and also countries outside Europe. 

Mr Skoric, coordinator of the SUNFLOWER network reports that a big challenge for his network is 

a generational problem related to science. 

The NUT network, represented by the coordinator Ms. Rovira, receives financial support from 

CIHEAM, research money from the government and the region and from FAO. It publishes a 

newsletter and is partly visible through the CIHEAM webpage. 

The OLIVES network, represented by the coordinator Mr. Caballero was established in 1984 by 

FAO and the Spanish Institute for Agriculture. 

Prof. Borghese, coordinator of the BUFFALO network reported that the network was founded in 

1992. The Buffalo network produced a link between different scientists and International 

organizations. The Buffalo Newsletter is published in 1600 copies and distributed free of charge 2 

times per year. It organizes meetings and workshop to promote information and research. Many 

congresses were organized by the buffalo network almost every year from 1994 until 2008, and 

promoted the World Buffalo Congress  with the International Buffalo Federation, every 3 years 

starting from 1985 until the last in Caserta in 2007. It promotes international projects involving 

development countries as in Turkey in 2002, in Azerbaijian in 2003, in Egypt in 2003, in Iran in 

2005, in China in 2007, in Indonesia in 2008. It produced the publication of the book “Buffalo 

Production and Research”, edited by Antonio Borghese and FAO as REU Technical series 67. 

Concerning web visibility of ESCORENA and its members, Mr. Demes presented the existing 

webpage (www.ESCORENA.net) and the entry points of the member networks. Additionally Mr. 

Bartol, programme coordinator of AgroWeb, gave examples on content management at AgroWeb 

and introduced the AGORA program (Access to Global Online Research in Agriculture at 

http://www.aginternetwork.org/en/) and AGRIS (International Information System for the 

Agricultural Sciences and Technologies at http://www.fao.org/agris/). Participants agreed that every 

thematic network should have an entry point from the common ESCORENA webpage. The web 

pages should share a similar structure and include basic information on their users.  

http://www.escorena.net/
http://www.aginternetwork.org/en/
http://www.fao.org/agris/


 

FAO IBF ICAR Buffalo Reproduction Satellite Meeting, Budapest (Hungary), 12-13 July 

2008. 

The FAO IBF ICAR Buffalo Reproduction Satellite Meeting was held in Budapest (Hungary) on 

12-13 July 2008, sponsored by FAO/ESCORENA (The European System of Cooperative Research 

Networks in Agriculture, Budapest) by IBF (The International Buffalo Federation, Monterotondo, 

Rome, Italy), by C.R.A. (Agriculture Research Council) Animal Production Research Centre, 

Monterotondo, Rome, by ISPAAM C.N.R. (Institute of Animal Production in Mediterranean Area 

of National Research Council, Napoli, Italy), by COFA (Cooperative Artificial Fecondation, 

Cremona, Italy), by ICAR (16
th

 International Congress of Animal Reproduction, Budapest). 

The meeting was held in the FAO Headquarters  in Benczur road and the welcome and presentation  

was made at 15,00 on July 12 by FAO staff: Maria Kadlecikova, Regional Representative for 

Europe and Central Asia, Aleksej Tarasjev, Agricultural Research and Biotechnology Officer, 

Michel Demes, Information and Knowledge Management Officer. 

Prof. Antonio Borghese presented the activities of the FAO Inter-Regional Cooperative research 

Network on Buffalo and of the International Buffalo Federation: World Buffalo Congresses, FAO 

meetings, International Projects, links between scientists and International Organizations, 

promotion of information and research, publishing of the Buffalo Newsletter. 

After that  the Session 1 started on “Male reproductive physiology and endocrinology – Genetics of 

reproduction” with a main paper by prof. William Vale and 4 communications reported in the 

Buffalo Newsletter n. 24 (2009). The day after, July 13, 2008, the Session 2 was opened  on 

“Artificial insemination and embryo transfer, gestation and embryonic mortality, mammary gland 

and milk production”, where the following 3 main papers and 3 communications were presented 

and discussed. 

Finally prof. William Vale showed a video on Genetic selection of Murrah buffaloes in Brazil. 

The meeting finished with a general, very vivacious discussion and some conclusive remarks: the 

promotion and extension of the FAO website of the Buffalo Network in the ESCORENA 

organization to promote information and links. 

 

Knowledge Share Fair for Agricultural Development and Food Security, FAO, Rome, Italy 

20-22 January, 2009. 

In this meeting the aim of ESCORENA and the specific research areas covered by ESCORENA 

were presented. The ESCORENA website www.agrowebcee.net was introduced. 

 

http://www.agrowebcee.net/


Regional Workshop, Thematic Knowledge Network, Budapest, Hungary 9-12 March 2010. 

The FAO-ESCORENA organization, that moved the headquarter of the FAO Regional Office for 

Europe and Central Asia from Rome to Budapest and  that includes all the FAO Networks, as 

buffalo too, organized in March 9-12, 2010 the Regional Workshop on the “Development of  

Thematic Knowledge Networks” in the framework of “Coherence in Information for Agricultural 

Research for Development (CIARD)”, where Prof. Borghese was invited as the Coordinator of the 

Inter-Regional Cooperative Research Buffalo Network. 

In this occasion the “agrowebcee.net” portal (Typo 3 CMS)  was created as a basis for the 

management  of knowledge. Now in the website www.agrowebcee.net in ESCORENA Buffalo 

Network is possible to find a lot of news about buffalo and about IBF too, books, Buffalo 

Newsletter and more.  

 

 

 

Conclusions 

 

1. The Buffalo Network is unique in the world. 

2. The Buffalo Newsletter is a valuable instrument for communication and for the transfer of 

technical and scientific news. 

3. The Network is the recognized center for international research projects. 

4.        The website www.agrowebcee.net in ESCORENA Buffalo Network hosts a lot  

            of news about buffalo.   



INTERNATIONAL BUFFALO FEDERATION 

 

History  

The International Buffalo Federation (IBF) was created during the First World Buffalo Congress, 

that took place from 27 to 31 December 1985, in Cairo, Egypt. 

The initiators were the eminent scientists Professor Dr. M. R. Shalash, President of the Egyptian 

Veterinarian Buffalo Association and the American scientist Professor W. Cripe from the 

University of Florida, Gainsville. 

Participants at this Congress also approved  the organizational structure of the International Buffalo 

Federation and elected its managing body - the IBF Standing Committee. 

The distinguished buffalo expert Dr. W. Ross Cockrill (England) was elected as Honorary 

President. 

Professor Dr. M.R. Shalash was elected as President with three Vice-presidents and fourteen 

members of the Standing Committee, including scientists and experts from Australia, Brazil, 

Bulgaria, India, Italy, China, Pakistan, USA, Singapore, Thailand, Trinidad and  Philippines. 

The activities of the IBF to date  have been undertaken in accordance with the Statutes and Rules, 

developed and approved by the Standing Committee. 

The Second World Buffalo Congress was held from 12 to 16 December 1988, in New Delhi, India, 

under the Presidency of Dr. R.M. Acharya and with Professor V.D. Mudgal as Secretary-General. 

The Third World Buffalo Congress was held from 13 to 17 May 1991, in Varna, Bulgaria, under the 

Presidency of Professor Dr. Tzeno Hinkovski and with Professor Dr. Aleko Alexiev as Secretary-

General: Ten volumes of Proceedings were published in addition to a special report on the FAO 

Workshop on the Biotechnology of Reproduction, which was the first link between FAO and 

the IBF, and which would prove to be the foundation of the FAO Inter-Regional Cooperative 

Research Network on Buffalo. 

The Fourth World Buffalo Congress was held from 27 to 30 June 1994, in Sao Paolo, Brazil, under 

the Presidency of Professor Manoel Osorio Luzardo de Almeida and with Joao Ghasper de Almeida 

as Secretary-General. Three volumes of Proceedings were published. 

During this Congress, the Italian scientist Professor Giovanni de Franciscis was elected President of 

the IBF. President de Franciscis went on to organize the
 
Eighth Standing Committee Meeting of the 

IBF in Rome on 2 April 1996, where the transfer of the Secretariat to the Istituto Sperimentale per 

la Zootecnia (Animal Production Research Institute) was decided.  

The Fifth World Buffalo Congress was held from 13 to 18 October 1997, in the Royal Palace in  

Caserta, Italy; under the Presidency of Professor Giovanni de Franciscis and with Professor Antonio 



Borghese acting as Scientific Secretary. For the first time each paper to be communicated to the 

Congress was submitted for revision to two referee scientists from the specific field of competence. 

189 papers were published in the Proceedings, a book of 990 pages, that was distributed prior to the 

Congress and represented the State of the Art in buffalo sciences for many years. 

During this Congress, the renowned Venezuelan buffalo breeder Mr. Pablo Moser Guera was 

elected the new President of the IBF. 

It was decided that the Sixth World Buffalo Congress would take place in Venezuela in the year 

2000 and the Seventh World Buffalo Congress in the Philippines, changing Continent each time 

(every three years) and appointing a new president to organize each Congress. 

The
 
Sixth World Buffalo Congress was held in Maracaibo (Venezuela) from 21 to 23 May 2001 and 

resulted in the first electronic version of the Proceedings on CD. During the business meeting of the 

IBF, Professor Borghese reported on the previous Congress, that had realized a profit of US$4 300, 

which had subsequently been transferred to the next Congress, and suggested establishing closer 

relations with the FAO Buffalo Network. The Standing Committee agreed to establish the 

Secretariat in Rome at the Istituto Sperimentale per la Zootecnia and Professor Antonio Borghese 

was appointed as General Secretary to be assisted by two Executive Officers: Aleko Alexiev and 

Hugh Popenoe. The next meeting was to be organized in the Philippines with Libertado Cruz as 

President assisted by two Vice-Presidents: S.K. Ranjhan and Jesus Reggeti.  

In 1992 the Asian Buffalo Association (ABA) was established under the Presidency of Dr. P.N. 

Bhat (India).  

An IBF Council Meeting took place at the Congress Palace in Rome on 30 August 2003, organized 

by the General Secretary, Professor Antonio Borghese. The President Libertado Cruz, M. Zava 

from Argentina, W. Vale and J.G. de Almeida from Brazil, L. Zicarelli and R. Garofalo from Italy, 

H. Popenoe from USA, M. Larbier from FAO, A. Barkawi from Egypt, O. Sekerden from Turkey, 

Ruzbehean from Iran attended the meeting. The President Libertado Cruz thanked the organizer and 

recalled the Scientist Aleko Alexiev who had passed away. He then distributed the programme of 

the next Congress, to be held in Manila, from 20 to 23 October 2004. Gaspar de Almeida underlined 

the difficulties for Cuba to organize the next Congress following that to be held in Manila. 

Professor Borghese  proposed the creation of a continuous link with the FAO Buffalo Network in 

order to locate researchers, exchange information, organize the congresses, and publish the 

Buffalo Newsletter with FAO and IBF sponsors and logos, distributing 1 200 copies free of charge 

worldwide and to promote TCP (Technical Cooperation Projects) in developing countries. In order 

to arrange for the legal Registration of the IBF in Rome and to create a website for the IBF, a 

contribution of US$100 was suggested from each member. 



The organization of the IBF during the period 2001 to 2004 was the following. 

 

International Buffalo Federation  

Libertado Cruz, President (Philippines) 

Antonio Borghese, General Secretary (Italy) 

Hugh Popenoe, Executive Officer (USA) 

Luigi Zicarelli, Executive Officer (Italy) 

 

Honorary Committee 

Pablo Moser G. (Venezuela) 

Steve Bennet (USA) 

Giovanni de Franciscis (Italy) 

 

Vice Presidents 

Jesus Reggeti, America (Venezuela)  

S. Ranjhan, Asia (India) 

Luigi Zicarelli, Europe (Italy) 

Barry Lemcke, (Australia) 

S.G. Hassan, Africa (Egypt) 

 

Standing Committee 

 

Brazil: Joao Gaspar de Almeida, William Vale. 

Argentina: Marco Zava, Armando Rozenblum. 

Colombia: Ricardo Botero, Berdugo J. A. Gutierrez, Alfonso Bernal. 

Venezuela: Hector Scannone. 

Italy: Raffaele Garofalo. 

Trinidad: Leela Rastogi, Floyd Necles. 

Cuba: Alina Mitat. 

USA: Tom Olson. 

Bulgaria: T. Hinkovski, T. Peeva. 

India: Siran Uddin Qureshi. 

Thailand: C. Chantalakana, M. Kamonpatana. 

Sri Lanka: Oswin Perera, Abeygunawardena. 

Vietnam: Julio Ly, Zao. 

China: Yang Bing Zhuang, Xu Dianxin. 

Philippines: Patricio Faylon. 

Pakistan: R. Usmani. 

England: Robert Palmer. 

Egypt: A.H. Barkawi. 

Germany: Henzi Heneton. 

Australia: Barry Lemcke. 

Turkey: O. Sekerden. 

Iran: Y. Ruzbehean 



 

The Seventh World Buffalo Congress took place in Manila, the Philippines, from 20 to 23 October 

2004 and produced three volumes of Proceedings. 

During the Congress the IBF Assembly Meeting took place at 19:00 hours on 21 October 2004 at 

the Makati Shangri-la Hotel in Manila. 

The President of the IBF, Dr. Libertado C. Cruz opened the meeting, and thanked the delegates 

from sixteen countries. 

The President recalled Professor Aleko Alexiev, who had been Director of the Buffalo Research 

Institute in Shumen, Bulgaria, and President of the Bulgarian Buffalo Breeders Association. 

The President also remembered Professor Giovanni de Franciscis, Professor at Naples University 

(Italy), Faculty of Veterinary Medicine, who had founded the School of Buffalo Sciences in Italy 

and had been the first  President of the Italian Buffalo Breeders Association; he had also been 

involved with the IBF since its establishment and had been elected President in Sao Paolo, Brazil, 

(1994) and organized the
 
Fifth World Buffalo Congress in Caserta, Italy, from 13-16 October 1997.  

He had passed away a few months earlier. 

Following this all the delegates from the sixteen countries introduced themselves: A. Borghese, 

General Secretary, L. Zicarelli, A. Coletta, F. Infascelli, G.M. Terzano, V. L. Barile, from Italy; S. 

Ranhjan and O.P. Dhanda from India; H. Popenoe and T. Olson, from the USA; M. Zava, from 

Argentina, I. Soliman from Egypt; B. Lemcke, from Australia; T. Peeva and M. Alexieva, from 

Bulgaria; G. de Almeida, W. Vale, M. Almeida from Brazil; M. Eslami, from Iran; N. Ahmad, from 

Pakistan; L.C. Cruz, the President and A. del Barrio, from the Philippines; T. Seresinhe, from Sri 

Lanka; M. Wanapat, from Thailand; O. Sekerden, from Turkey; J. Reggeti, from Venezuela and 

Mai Van Sanh, from Vietnam. 

 

Point 1. IBF Constitution. 

The General Secretary of the IBF, Professor Antonio Borghese, submitted, for confirmation by the 

Assembly, the Legal Act of the IBF Constitution, registered in Monterotondo, Rome, on 11 October 

2004, by the legal notary Dr. Francesco Di Pietro together with Professor A. Borghese, avv Raffaele 

Garofalo, Professor Luigi Zicarelli, Dr. Giuseppina Maria Terzano and Dr. Vittoria Lucia Barile; the 

legal address is the same as that of the General Secretariat: Istituto Sperimentale per la Zootecnia, Via 

Salaria 31, 00015 Monterotondo, Rome, Italy. The Constitution and By-laws are the same as those 

approved in Caserta on 16 October 1997, with the formal modifications proposed by President L. Cruz, 

and published in the Buffalo Newsletter, Number 20, dated September 2004, printed  in 1 200 copies 

and distributed worldwide. The organization contained in the Legal Act is the same as that approved in 



Maracaibo, Venezuela from 21 to 23 May 2001, and published in the same issue of the Buffalo 

Newsletter. 

The IBF subscription is set at a minimum of US$100 for the years 2004 to 2007 

For the functionality of the IBF, there was a need for a Secretariat office, an economic foundation, 

but specifically a real act of adhesion to the IBF by members. Many participants agreed with the 

General Secretary’s position. 

Point 2. Appreciations. 

Many participants expressed their appreciation for the reformatted IBF Constitution, as proposed by 

the President Libertado C. Cruz, and published in the Buffalo Newsletter, and congratulated the 

President on the excellent Congress organized in the Philippines, which had been an important 

success for the scientific community and for the buffalo breeders in the world. 

Point 3. Next congress and President. 

With regard to the next World Buffalo Congress in 2007, many people expressed their views (Cruz, 

Ranjhan, Vale and Zava) and the past willingness of Cuba and China to organize the Congress was 

reported. However, this proposed readiness was not confirmed by the presence of the respective 

representatives at the IBF Assembly, even if clearly invited. Professor Borghese proposed to change 

the Continent, as traditionally undertaken in the past: in 2001 the Congress had taken place in 

America, this year in Asia, the next would be in Europe and therefore he proposed Professor 

Zicarelli as President. Professor Sekerden also proposed  Turkey as a host for the next Congress. 

All the delegates voted for Italy, appreciating the past experiences in organizing congresses and the link 

with FAO (Peeva, Dhanda, De Almeida, Vale, Zava, Reggeti) and the economic possibilities. 

Professor Zicarelli thanked the delegates for the honour and declared his satisfaction to take up the 

legacy of his teacher Giovanni de Franciscis, requesting the assistance of the Italian Breeders 

Association, of the Agricultural Ministry, of Professor Borghese’s Institute and of the other Italian 

organizations. 

Point 4. Actual IBF organization. 

The actual organization of the IBF for the period 2004 to 2007 was voted as follows: 

President: Luigi Zicarelli (Italy) zicarell@unina.it 

General Secretary: Antonio Borghese (Italy) antonio.borghese@isz.it 

Executive Officer: Libertado C. Cruz (Philippines) pcc-oed@mozcom.com 

Exexutive Officer: S. Ranjhan (India) hindgrp@mantraonline.com 

Executive Officer: Hugh Popenoe (USA) hlp@ufl.edu 

Vice-Presidents:  

America: Marco Zava (Argentina) bufalosmz@fibertel.com.ar 

Asia: S. Ranjhan (India) hindgrp@mantraonline.com 

Africa: Ibrahim Soliman (Egypt) ibsoliman@hotmail.com 
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Australia: Barry Lemcke barry.lemcke@nt.gov.au 

Europe: Tzonka Peeva (Bulgaria) tzonkapeeva@abv.bg 

 

Standing Committee: 

Argentina:  Armando Rozenblum cientigicacuatro18@cofasa.com.ar 

John Nelson jnelson@fibertel.com.ar 

Australia:  Barry Lemcke barry.lemcke@nt.gov.au 

Brazil:  Joao Ghaspar de Almeida ghaspar@terra.com.br 

William G. Vale, wmvale@hotmail.com 

Manoel Almeida, manoelluzardo@terra.com.br 

Bulgaria:  Maria Alexieva, abb@techno-link.com 

China:  Yang Bingzhuang, gxbri@public.nn.gx.cn 

Xianwei Liang, liangbri@126.com 

Colombia:  Alfionso Bernal, asobufalos@cis.net.co 

J.A. Berdugo, jberdugo@quimbaya.udea.edu.co 

Ricardo Botero, rbotero@telesat.com 

Cuba:   Alina Mitat 

Egypt:  A.H. Barkawi, esap@tedata.net.eg 

Germany:  Henzi Heneton 

India:   O.P. Dhanda (India) abc@hau.nic.in 

  Siran Uddin Qureshi 

Iran:   Moossa Eslami, MEslami93@hotmail.com 

Yousef Rouzbehan, faranakuk@yahoo.com 

Italy:   Raffaele Garofalo, anasbce@libero.it 

Angelo Coletta, colettangelo@virgilio.it 

Federico Infascelli, infascel@unina.it 

Giuseppina M. Terzano, marinella.terzano@isz.it 

Vittoria L. Barile, vittoria.barile@isz.it 

Pakistan:  Nasim Ahmad, d.nasim@yahoo.com 

R. Usmani 

Philippines:  Arnel del Barrio, arneldb-25@yahoo.com 

Patricio Faylon 

Sri Lanka: Thakshala Seresinhe, headas@slnet.lk 

Oswin Perera, oswinperera@yahoo.co.ok 

H. Abeygunawardena, indra@vetpre.pdn.ac.lk 

Thailand: Maneewan Kamonpatana, Maneewan.K@Chula.ac.th 

  C.Chantalakhana, swkcrc@ku.ac.th 

Metha Wanapat, metha@kku.ac.th 

Trinidad: Leela Rastogi, leela3053@hotmail.com 

Floyd Necles sfc@carib-link.net 

Turkey: Ozel Sekerden, sekerden@mku.edu.tr 

UK:  J. Palmer, buffalouk@aol.com 

USA:  Thomas Olson, tcwb@valornet.com 

Venezuela: Jesus Reggeti, jarego@cantv.net 

Hector Scannone 
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Vietnam: Mai Van Sanh, mvsanh@netnam.vn 

 

The 5
th

 Asia Buffalo Congress was organized on 18-22 April 2006 in Nanning (China) by Prof. 

Yang Bingzhuang, President of the Asian Buffalo Association (ABA) and Director of the Buffalo 

Research Institute in Nanning, Guangxi Autonomous Region. 

The third Symposium on buffaloes of Americas (Second Symposium on Europe-America 

Buffaloes) was held in Hotel Intercontinental in Medellin, Colombia on September 6-8, 2006, 

organized by the Colombia Buffalo Association (Ing. Ricardo Botero as President, Dr. Claudia 

Roldàn de Sierra as Vice-President). 700 people took part coming from different countries 

(Venezuela, Brazil, Argentina, Cuba, Panama, Ecuador, Guatemala, Italy and, of course, Colombia. 

The Proceedings book, with different chapters ( Buffalo in the world, management, nutrition, 

genetic, marketing, reproduction, health, pasture) in 263 pages, was given to the congress people. 

During the Symposium, on September 6, the IBF (International Buffalo Federation) meeting was 

held with the presence  of many delegates of different countries. The President prof. Luigi Zicarelli 

showed a preliminary programme of the 8
th

 World Buffalo Congress in Caserta, Italy and asked 

help and suggests to the colleagues. It was established that the 4
th

 Symposium on buffaloes of 

Americas will be held in Venezuela on October 2008, as Argentina confirmed the candidature for 

the 9
th

 World Buffalo Congress on 2010.  

The 8
th

  World Buffalo Congress (October 19-22, 2007) was held for the second time, after 1997, in 

Italy in Caserta and a complete state of art of the research in Buffalo species was produced in the 

1450 pages of the Congress Proceedings, published by the fascinating Italian Journal of Animal 

Science, edited by Avenue Media, Milan – Bologna. During the Congress, that was very intensive 

and participated by more than 400 people coming from 39 Countries, the IBF meeting was held on 

October 21 at 5.00 p.m. by the President prof. Luigi Zicarelli. The following representative 

members from 19 Countries were present: 

Argentina: Marco Zava, Armando Rozemblum, John Nelson 

Australia: Barry Lemcke 

Bangladesh: Samad Khan delegated by Omar Faruque 

Brazil: Joao Ghaspar de Almeida, William G. Vale 

Bulgaria: Tzonka Peeva 

Colombia: Alfonso Bernal, J.A. Berdugo, Ricardo Botero 

Egypt: Ibrahim Soliman 

India: S. Ranjhan 

Iran: Moossa Eslami, R. Pirmohammadi, Hamid Naderfard 
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Italy: R. Garofalo, A. Fagiolo, L. Iannuzzi, A. Coletta, G.M. Terzano; V.L. Barile, M.Mazzi, A. 

Casali, F. Infascelli 

Pakistan:Talat Naseer Pasha, Nasir Hussain Shah 

Philippines: Libertado C. Cruz 

Thailand: Metha Wanapat 

Turkey: Ozel Sekerden 

Trinidad: Lillawatti Rastogi, Floyd Necles 

U.K.: Bob Palmer 

USA.: Hugh Popenoe, Thomas Olson 

Venezuela:Jesus Reggeti, Hector Scannone 

Vietnam: Mai Van Sanh. 

 

The General Secretary prof. Antonio Borghese distributed the list of the members, composed of 58 

IBF representative members of 23 Countries, and informed that new members can be included in 

the list if proposed by a representative member, on condition that they work in buffalo field at high 

level, pay 100.00 $ as fee for the period 2007-2010. The proposal must then be accepted by the IBF 

Committee. 

The following candidates were proposed, voted and included in the list: 

Federico Romero for Argentina, Santosh Thomas and Aditya Misra for India, Safdan Ali Sial for 

Pakistan, Rangsun Parnpai for Thailand, Giuseppe Campanile for Italy. 

The Secretary in Rome particularly promoted the relationships and links among the IBF members 

and the involved countries. The Secretary is the Editor of the Buffalo Newsletter, which  is sent free 

of charge to 1600 addresses, people or Institutes interested to the developing of buffalo in the world. 

The Buffalo Newsletter shows the logos of FAO and of IBF, linking two important Institutions, but 

needs also financial support. People who participated to the Congress received n.22 of the 

Newsletter, edited in September 2007. 

Finally the venue for the next World Buffalo Congress to be held in 2010 was discussed. 2010 was 

the turn of American continent. Argentina, that was candidate since 2004, has been presented his 

candidature  to host the next congress by the representative member Marco Zava, who sent to the 

Secretary and distributed documents of interesting and engagement by following institutions: 

Asociacion Argentina de Criadores de Bufalos, Ministerio de la Producciòn de la Provincia de 

Formosa, Governator Provincia de Corrientes, Secreteria de Agricoltura, Ganaderia, Pesca y 

Alimentos in Buenos Aires, Ministerio de Economia y Producciòn in Buenos Aires, Universidad 

Nacional de Nordeste and Universidad Nacional de Formosa. 

Thailand also presented his candidature to host the Congress, by the representative member 

Rangsun Parnpai, in the name of Maneewan Kamonpatana, IBF founder member since 1985, who 



was enable to participate for a cerebral haemorrhage, but wrote a letter about the will to host the 

congress. A booklet with the Organizing Committee and provisory programme was distributed. 

The General Secretary expressed his pleasure for the two prestigious candidatures, underlining the 

growth of the IBF, not only for number of members and countries, but for the passion and 

enthusiasm devoted to the different activities. 

There was a vivacious discussion on the candidatures, until Ragsun Parnpai, at the moment of vote, 

renounced to his candidature and decided to support the Argentina proposal, requiring support from 

all the countries to held the 10
th

 World Buffalo Congress in 2013 in Thailand, to avoid the vote that 

could provoke a division between Asian and American people. 

Therefore Argentina was elected with unanimous vote as the country organizing the 9
th

 World 

Buffalo Congress in 2010. 

Marco Zava proposed as IBF President Federico Romero, the President of the Argentina Buffalo 

Breeders Association. 

Federico Romero was elected with unanimous vote as IBF President for the period 2007-2010. 

Jesus Reggeti proposed Ricardo Botero as Vice-President for Americas in place of Marco Zava. 

Ricardo Botero was elected with unanimous vote as Vice-President for Americas. 

The dates of other congresses were established to avoid the coincidence with the World Buffalo 

Congress: the third Buffalo Symposium of Europe and the Americas will be held in Venezuela on 

October 2008, the 6
th

 Asian Buffalo Congress will be held in Lahore, Pakistan on October 27-30, 

2009 by the  President of Asian Buffalo Association, Talat Naseer Pasha. 

 



 

 

Hand over of the IBF Flag from the Past President Libertado C. Cruz to the new elected President 

Luigi Zicarelli, Manila,  the Philippines, 21 October  2004. 

 

 

 

Participants of the IBF Assembly Meeting, Manila, the Philippines,  

21 October 2004.  



6
th

 Asian Buffalo Congress 

 The inaugural session of the 6
th

 Asian Buffalo Congress was opened by the honorable Chief 

Mininster of Punjab Mian Muhammad Shahbaz Sharief on 27
th

  October, 2009 in a prestigious 

gathering of over 1200 scientists, researchers, professionals, farmers and livestock industry 

representatives in Crystal halls of Hotel Pearl Continental Lahore. This prestigious Ceremony was 

organized by the University of Veterinary and Animal Sciences, Lahore in collaboration with 

Government of the Punjab and Asian Buffalo Association (ABA) with his President Prof. Talat 

Pasha. 

 

9th World Buffalo Congress, Crowne Plaza Panamericano Hotel, Buenos Aires, April 25/28, 

2010, by the International Buffalo Federation and the Argentine Buffaloes Breeders 

Association. 

An exceptional assistance was achieved: nearly 500 persons coming from 30 countries of the 5 

continents (in alphabetic order): Argentina, Australia, Bangladesh, Bolivia, Brazil, Canada, China, 

Colombia, Costa Rica, Cuba, Egypt, France, Georgia, Germany, Guatemala, India, Iran, Iraq, Italy, 

Japan, Mozambique, Nepal, Pakistan, Panama, Paraguay, Philippines, Thailand, United States, 

Uruguay and Venezuela. 260 full papers were presented, including scientific, technical and 

productive presentations of excellent level. The facilities of the Panamericano Hotel were 

spectacular.  In 5 Plenary Sessions and in 11 Simultaneous Sessions were presented papers referred 

to: Situation of the Buffalo in Regions of the World, Production Systems, Buffaloes for Draught, 

Hide, Genetics, Social and Economic Development, Reproduction, Anatomy and Physiology, 

Nutrition and Feeding, Infectious and Parasitic Diseases, Meat Production, Milk Production, 

Economy and Markets, Managements in Dairy and Livestock Herds, Clinical and Animal Welfare. .           

 

International Buffalo Federation meeting April 26, 2010 Hotel Panamericano, Buenos Aires, 

Argentina, 6.30 p.m. 

The President Ing. Federico Romero welcomed all the IBF delegates and reported the different 

running activities about the 9
th

 World Buffalo Congress (April 25-28), that was a success for 

number of participants, represented countries, quality of lectures and papers, that produced a 

Proceedings book of  1102 pages, published on Revista Veterinaria, Faculdad de Ciencias 

Veterinaria, Universidad Nacional del Nordeste, Corrientes, Argentina, Vol.21, 2010, suppl.1, 

edited by Gustavo A. Crudeli, Exequiel M. Patino, José L. Konrad. 

The General Secretary, prof. Antonio Borghese distributed  the IBF list and the order of the meeting 

with the following points that were presented. 



1. IBF activities The activities, as congresses and edited book in buffalo field  in the period 2007-

2010 were presented in an attached list. 

2. Economic balance. The economic balance 2007-2010 with income and outcome were presented 

in an attached list. 

The input is coming only from the delegates fees (100 US dollars paid every 3 years) and from 

FAO. The new IBF list will be composed accordingly with delegates who paid the fees. The output 

is coming particularly from the cost of the Buffalo Newsletter, very useful for changing information 

and sending news about buffaloes, but very expensive for printing and expedition cost. 

Libertado Cruz proposed to ask high fees (1000 US dollars or more) to the official Buffalo Institutes 

and to the Companies working in buffalo, to increase the input. All the delegates approved, 

encouraging each other to find Institutes and Companies as IBF delegates. 

3. Buffalo Newsletter. The Buffalo Newsletter edited by Antonio Borghese with FAO and IBF 

logos is a referent point of our activity: in 2009 was published the number 24, sent in 1600 copies, 

free of charge, to all the people working in buffalo field in many countries,   but it is too expensive. 

So the proposition to continue the Buffalo Newsletter production, but only in electronic version was 

voted by the delegates. 

4. The Secretary Borghese showed the possibility to involve IBF in research projects: one 

proposition was presented to the Milano Expo 2015 named “The great farm” with the expo of 

draught animals (buffaloes too)  in the world to produce work and food in the villages; the second 

project was presented by prof. Leopoldo Iannuzzi with the Italian Buffalo Breeders Association 

(ANASB) on the possibility to create a reference genome sequence and information on genetic 

variations of the buffalo species. 

All the delegates were favourable to these developing activities of IBF. 

5. The Secretary Borghese informed that FAO-ESCORENA organization, that moved the 

headquarter of the FAO Regional Office for Europe and Central Asia   from Rome to Budapest and 

that includes all the FAO  Networks, as buffalo too, organized in Budapest on March 9-11, 2010 the 

Regional Workshop on the “Development of Thematic Knowledge Networks in the framework of 

“Coherence in Information for Agricultural Research for Development (CIARD), where prof. 

Borghese was invited as Coordinator of  the Inter-Regional Cooperative Research Buffalo Network. 

The “agrowebcee.net” portal (Typo 3 CMS) was created as a basis for the management of 

knowledge. 

Now in the website www.agrowebcee.net in ESCORENA Buffalo Network is possible to find a lot 

of news about buffalo and about IBF (history, constitution and by-laws, activities), the book 

“Buffalo Production and Research” Edited by A. Borghese and FAO, Buffalo Newsletter and more. 

http://www.agrowebcee.net/


6. Election of the President 2010-2013 and of the country of the next World Buffalo Congress. At 

this point prof. Borghese remembered as 3 years ago, during the IBF meeting in Caserta, Argentina 

by Marco Zava and Thailand by Rangsun Parnpai presented their candidatures to host the 9
th

 World 

Buffalo Congress. At the moment of vote, Rangsun Parnpai renounced to his candidature and 

decided to support the Argentina proposal, requiring support from all the countries to held the 10
th

 

World Buffalo Congress in Thailand in 2013, to avoid the vote that could provoke a division 

between Asian and American delegates. 

Therefore the Secretary proposed prof. Parnpai as the IBF President for the period 2010-2013. 

The assembly elected Parnpai as President with unanimous vote. 

The new President Parnpai thanked the delegates and said, as he was elected also President of the 

Asian Buffalo Association (ABA) during the last Asian Buffalo Congress in Lahore (October 29, 

2009), that he will organize the 7
th

 Asian Buffalo Congress together with the 10
th

 World Buffalo 

Congress in Phuket, Thailand on May 2013. For the first time in the history of IBF and ABA the 

two congresses will be unified. 

This beautiful notice and the enthusiasm of the President Parnpai provoked a great applause and the 

congratulations of all the delegates 

 

IBF list 2011 

 
President: Rangsun Parnpai (Thailand), rangsun@ccs.sut.ac.th 

Vice-President: Metha Wanapat (Thailand), metha@kku.ac.th 

GeneralSecretary:AntonioBorghese(Italy)antonio.borghese@email.it  

antonio.borghese@escorena.net 

Executive Officer Asia: Libertado C. Cruz (Philippines) pcc-oed@mozcom.com 

Executive Officer America: Ricardo Botero(Colombia) rbj@une.net.com 

Executive Officer Europe:Tzonka Peeva (Bulgaria) tzonkapeeva@abv.bg 

Executive Officer Africa:Ibrahim Soliman (Egypt) ibsoliman@hotmail.com  

Executive Officer Australia:Barry Lemcke barry.lemcke@nt.gov.au 

 

 

Standing Committee: 

 

Argentina:   John Nelson, jnelson@fibertel.com.ar 

Marco Zava, bufalosmz@fibertel.com.ar 

Federico Romero, asocdebufalos@uolsinectis.com.ar 

Australia:  Barry Lemcke, barry.lemcke@nt.gov.au 

Bangladesh:  Quazi Huque, qmehuque@gmail.com 

Brazil:  Joao Ghaspar de Almeida, ghaspar@terra.com.br 

Pietro Baruselli, barusell@usp.br 

William G. Vale, wmvale@hotmail.com 

Bulgaria:     Tzonka Peeva, tzonkapeeva@abv.bg 

China:  Yang Bingzhuang, gxbri@public.nn.gx.cn, gxbri@gxbri.com 
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Xianwei Liang, liangbri@126.com 

Colombia:   Claudia Patricia Roldan, fortaleza@epm.net.co 

               Ricardo Botero, rbj@une.net.com 

Costa Rica   Rodrigo Rosales, luis.rosales@ucr.ac.cr 

              Sady Quesada Sanchez, squesada63@gmail.com 

Cuba:  Emilio Campos Pipaon, emiliopi@isch.edu.cu 

               Alina Mitat, isamani51@yahoo.com 

Egypt:  Halah El Said M. Bassiony, halah_bas@yahoo.com 

               Ibrahim Soliman  ibsoliman@hotmail.com 

India:        R.K. Sethi, rksethi@rediffmail.com 

Iran:   Hamid Naderfard, hnaderfard@yahoo.com 

Iraq:         Khalid Al Fartosi, khalidalfartosi@yahoo.com  

               Jabbar Alsaedy, kingfisher_ja@yahoo.com 

Italy:   Raffaele Garofalo, r.garofalo@fattoriegarofalo.it 

  Antonio Fagiolo, antonio.fagiolo@izslt.it 

  Leopoldo Iannuzzi, leopoldo.iannuzzi@ispaam.cnr.it 

  Marco Mazzi, marco-mazzi@libero.it 

Angelo Coletta, direzione@anasb.it 

Giuseppina M. Terzano, giuseppinamaria.terzano@entecra.it 

Vittoria L. Barile, vittorialucia.barile@entecra.it 

Arturo Casali, casalia@tin.it 

Federico Infascelli, federico.infascelli@unina.it 

Giuseppe Campanile, giucampa@unina.it 

Anna Chiacchierini, centrotori@chiacchierini.it 

Pakistan:  Muhammad Sarwar, drms01@gmail.com 

  Talat Naseer Pasha, tnpasha@uvas.edu.pk 

  M. Jehanzeb Khan, secyldd@punjab.gov.pk 

               Safdar Ali Sial 

               M. Irfan Zahid, dgeldd@punjab.gov.pk 

               Ahmad Ali, ahmadali@uvas.edu.pk 

Philippines:  Arnel del Barrio, arneldb-25@yahoo.com 

               Libertado C. Cruz, pcd-oed@mozcom.com 

Sri Lanka: Oswin Perera, oswinperera@yahoo.co.uk 

                             oswinp@pdn.ac.lk 

Thailand: Metha Wanapat, metha@kku.ac.th 

Rangsun Parnpai, rangsun@ccs.sut.ac.th 

Trinidad: Leela Rastogi, leela3053@hotmail.com 

Turkey: Ozel Sekerden, sekerden@mku.edu.tr 

USA:  Thomas Olson, tcwb@valornet.com 

Venezuela: Jesus Reggeti, jarego@cantv.ne 

Vietnam: Mai Van Sanh, mvsanh2009@gmail.com                                                                          
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