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PREFACE

For many years | have had the idea of writing a book about the buffalo: the species that I love
and have studied for thirty years. The buffalo is a very quiet and intelligent animal, domestic
but rustic, faithful and friendly, rich in history, and can now be found in many countries
worldwide. It is employed as a draught animal, but also produces meat, horns, skin and
particularly the rich and precious milk that gives creams, butter, yoghurt and many cheeses,
including the delicious mozzarella.

The opportunity to write this book was facilitated by the FAO Regional Office for Europe
aiming at promoting the diffusion of expertise and technologies among the regions within 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 this reference book on buffaloes all over the world with contributions from various
buffalo experts and based on the results of my own research and work experience.

This experience was gained thanks to senior researchers devoted to the development and
promotion of buffaloes. The first of these was Dr Augusto Romita, my first supervisor at the
Istituto Sperimentale per la Zootecnia (the Animal Production Research Institute of the Italian
Ministry of Agriculture in Monterotondo, Rome) with whom | conducted many experiments at
Tormancina, the farm of the Institute, on buffalo calves and young bulls during the period from
1974 to 1980. He later prepared the first important research project on the buffalo species,
financed by the Italian Ministry of Agriculture. This project examined the main aspects of
buffalo production: nutrition and requirements, reproduction and physiology, and rumen
microbiology, in collaboration with other Italian universities: Naples, Bologna, Perugia,
Piacenza.

The second was Professor Giovanni De Franciscis, who shared with me his concept of working
towards the realization of the good prospects for buffalo development in Italy and in the world.
He promoted the first (1974) and the second (1982) International Buffalo Congress, and
organized, in collaboration with the IBF (International Buffalo Federation, founded in 1985)
and myself, the Fourth World Buffalo Congress (1997) in the Royal Palace of Caserta.

The third was Mr A. Qureshi, who raised my awareness of the essential role of buffaloes 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, the famous university teacher in
Animal Production of students of my generation in Naples, and a dear colleague and friend of
mine, Tullio Di Lella, Professor of Animal Feeding and Nutrition at the Veterinary Faculty,
Federico Il University, Naples, Italy, who supported my dedication to buffalo research.

All these five colleagues have unfortunately now passed away and | feel somewhat sad and
lonely without them. | would therefore like to dedicate this book to their memory.

Antonio Borghese
Monterotondo (Rome), Italy, 2005
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Chapter |
BUFFALO POPULATION AND STRATEGIES IN THE WORLD

Antonio Borghese and Marco Mazzi

Istituto Sperimentale per la Zootechia
(Animal Production Research Institute)
Via Salaria 31, 00016 Monterotondo (Rome), Italy

The buffalo (Bubalus bubalis) population in the world is actually about 168 million head:
161 million can be found in Asia (95.83 percent); 3 717 million are in Africa, almost entirely in
Egypt (2.24 percent); 3.3 million (1.96 percent) in South America, 40 000 in Australia
(0.02 percent); 500 000 in Europe (0.30 percent).

ASIA

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

The Bubalus bubalis belongs to the class Mammalia, subclass Ungulata, order Artiodactyla,
suborder Ruminantia, family Bovidae, subfamily Bovinae, tribe Bovini, which includes the
following three groups: Bovina (cattle), Bubalina and Syncerina. Syncerina includes only the
species Syncerus caffer (the African buffalo). Bubalina (the Asian buffalo) includes three
species: Bubalus depressicornis or Anoa which lives in Indonesia, Bubalus mindorensis which
lives in the Philippines and Bubalus bubalis 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 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 19 pairs are metacentric. The difference in the diploid
number is only apparent. In fact, the large Swamp buffalo chromosome 1 originated from
tandem fusion translocation between the River buffalo chromosome 4 (telomeres of p-arm) and
9 (centromere) (Di Berardino and lannuzzi, 1981). During this phenomenon, the nucleolus
organizer regions (NORs) present in the River buffalo chromosome 4p were lost and the
centromere of chromosome 9 inactivated (Di Berardino and lannuzzi, 1981). 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 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 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.

The production of milk and meat from buffaloes in Asian countries over the last decades has
shown a varying pattern: in countries such as India, Sri Lanka, Pakistan and China, the milk
yield per animal has increased by 2.44 percent, 1 percent, 1.45 percent and 1.55 percent,



respectively, while there has been either no change or only a negligible change in milk
production in Bangladesh, Myanmar, Nepal and Vietnam. In some regions of east and
south-east Asia, there has been a negative growth. Meat production from buffaloes has shown
a growth of 1.43 percent only in Pakistan, while in other countries there was no change or a
decline. At the Asia level, although buffalo milk production increased by 2.26 percent, meat
production marginally declined (Dhanda, 2004).

Buffaloes are known to be better at converting poor-quality roughage into milk and meat. They
are reported to have a 5 percent higher digestibility of crude fibre than high-yielding cows; and
a 4-5 percent higher efficiency of utilization of metabolic energy for milk production
(Mudgal, 1988).

1. INDIA

India has about 95 million animals which represents 56.5 percent of the world buffalo
population. India is the first country in the world for number of buffaloes and milk production
(about 134 million tons).

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 programmes 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 possesses the best River milk breeds in Asia e.g. Murrah, Nili-Ravi, Surti and
Jaffarabadi, which originated from the north-western states of India and have a high potential
for milk and fat production apart from their use as a work animal and as a supplementary stock
for use as meat production (Sethi, 2003). Indian Murrah is the most diffuse breed in the world:
from Bulgaria to South America and all over Asia (Fig. 1). The production traits of the Indian
breeds are reported in Table 1, with more details and figures given in Chapter III.

Table 1. Buffalo Breeds of India and their Production Traits (ICAR, 1997)

Average Lactation | Average Lactation . .
Name of the Breed Iength (days) yigeld (kg) Milk Composition
. Av.Fat 8.6%
Badhawari 272 780 Total solid 17%
Jaffarabadi 319 2151 Av.Fat 7.86%
Marathwada 302 900 -
Mehsana 305 1893 Av.Fat 7%
Murrah 305 1675 Av.Fat 7.3%
Nagpuri 286 1055 Av.Fat 7.7%
Nili-Ravi 294 1820 Av.Fat 6.8%
. Av.Fat 7.0%
Pandharpuri 305 1142 SNE 9.28%
Surti 305 1289 Av. Fat 7.9%
Toda 200 500 Protein 4.45%

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. 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).

Less information is available regarding the production systems of Swamp buffaloes.

However, according to Faruque (2003) the Indian Swamp buffaloes have been mostly evolved
for milk production and generally males are used for work in the paddy fields and performing
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other agricultural operations.
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Figure 1. Murrah buffaloes in the Central Institute for Research on Buffalo, Hisar, India

2. CHINA

China has a huge variety of buffalo genetic resources, unknown to most buffalo experts other
than the Chinese. They are all of the Swamp type, with a long history of domestic livestock, and
provide many products to the farmers.

In China each region has different types of buffaloes, to the extent that it is possible to say that
buffaloes have adapted themselves to a range of climates, altitudes and temperatures as have
the different cattle breeds that inhabit the various continents and countries. Therefore, in
China there are buffalo breeds that can be found only in the lowlands, and other breeds that
live only in the mountains.

The breeds of the lowlands are raised on fertile soils and paddy fields where intensive
agricultural activities are carried out. This is the case of the Binhu breed (461 000 head;
Fig. 2) in the Hunan province, the Xinyang breed (290 000 head) in the Henan province, the
Enshi breed (77 000 head; Fig. 3) in Hubei, the Fuan breed (70 000 head) in the Fujian
province, the Yanjin breed (45 000 head) in Yunnan, the Xinglong breed (24 000 head) in
Hainan and the Wenzhou breed (10 000 head) in Zhejiang (Zhang Chunxi and Li Zhongquan,
2001).

Figure 2. Binhu buffalo Figure 3. Enshi buffalo

Two further breeds inhabit the lowlands and can also be found along the saline seaside shores
of the east sea: these are the Haizi breed (65 000 head) in Jiangshu and the Shanghai breed
(36 000 head; Fig. 4) around the city of Shanghai. A similar adaptability to saline sandy terrain
was already mentioned for another buffalo population in Bangladesh, in the bay of Bengal. The
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most numerous breed in China is the Guizhou (1.46 million), a mountain breed of the Guizhou
province: raised on natural pasture and of varying body size according to environmental
conditions.

With regard to the other mountain breeds, there are the Fuling (415 000 head; Fig. 5) in
Sichuan, the Dehong (390 000 head) and the Diandong (220 000 head) in Yunnan, the Dechang
(190 000 head) in Sichuan, the Xilin (59 000 head) and the Fuzhong (57 000 head; Fig. 6) in
Guanxi and the Dongliu (27 000 head; Fig. 7) in the Anhui province.

-

Figure 6. Fuzhong buffalo Figure 7. Dongliu buffalo

Most buffalo breeds tolerate all ranges of temperature, from 0°C in the winter to 30°C and over
in the summer.

All buffaloes have long horns, a typical trait of the Swamp buffalo. The colour of the coat is
grey, with varying intensities: from deep grey and blackish grey to brown, hoar and light grey.
The majority of the breeds also have white spots either in the form of stripes on the breast or
in the form of rings on the neck.

As for all Swamp buffaloes, Chinese buffaloes are used for draught, often as their only task.
Exceptions are the Wenzhou breed, which is regularly milked and produces 1 020 kg milk in
278 days and the Jianghan (800 kg milk in 8-12 months). The Fuan breed is also sometimes
milked, producing on average 2.6 kg milk/day, in a lactation of extremely variable length:
150 to 300 days (Zhang Chunxi and Li Zhongquan, 2001).

According to statistical data (FAO, 2003), the total number of buffaloes in China in 2003 was
22.759 million, the second largest population of buffalo in the world, representing 17.37 percent
of the total bovine population in China. Scientific research on buffaloes began with some delay
compared with other breeds.

China imported Murrah buffalo from India in the late 1950s and Nili-Ravi buffalo from
Pakistan in the late 1970s. Since China imported two breeds of exotic dairy type buffaloes,
experiments such as feeding observation, freezing of buffalo semen, artificial insemination and
crossbreeding etc., had already been conducted, and good results were obtained. Over the past
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20 years, important developments and breakthroughs in scientific and technological research
on buffaloes have been achieved. In the area of breeding improvement, genetics and breeding,
physiology and biochemistry, feeding and nutrition, reproductive technology, embryo
biotechnology, dairy processing and disease prevention and treatment, many scientific and
technological achievements have been acquired, and abundant scientific data has been
accumulated (Liang Xian-wei et al., 2004). According to various studies 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. The average
milk yields per lactation in Murrah crossbred F1, F2 are 1 240.5 kg and 1 423.3 kg respectively,
which is higher than that of the local buffalo of 1 092.8 kg (this data comes from a selected
herd, normally the local Swamp buffalo produces 500 - 800 kg per lactation) by 13.5 percent and
30.2 percent (p<0.01). In Nili-Ravi crossbred F1 and F2 milk yields per lactation are 2 041.2 kg
and 2 325.6 kg, which are an improvement of 88.6 percent and 115.2 percent respectively
(p<0.01). Triple-crossbred and their inter se crossing offspring are 2 294.6 kg and 1 994.9 kg
respectively, which is an increase of 109.98 percent and 82.55 percent, compared with local
buffalo (p<0.01) (Yang Bingzhuang et al., 2003), as reported in Table 2.

Table 2. Comparison of milk performance in different buffalo breeds (kg/day)
(Yang Bingzhuang et al., 2003).

reea |Loctations| vactation | itk viet | SR TC | TS e

(kg) (kg)
L 70 280.4+20.2 1092.8+207.4 3.79 6.6

M 237 324.7+73.9 2132.9+78.3 6.57 17.40
N 164 316.8+83.6 2262+663.9 7.14 18.40
MLF1 157 313.7+£96.7 1240.5£479.8 3.95 7.57
MLF2 118 313.9+90.1 1423.3+534.5 4.53 8.30
NLF1 45 326.7+96.4 2041.2+540.9 6.25 16.65
NLF2 55 321.4+118 2325.6+994.4 7.22 19.35
N.MLF2 168 317.6+£78.4 2294.6x772.1 7.22 18.80
N.MLG1 70 329.1+89.8 1994.9+635.0 6.06 18,50

L=local, M=Murrah, N=Nili-Ravi, G=Santa Gertrudis

The body size and body weight in crossbreds are greater than in local buffaloes, therefore meat
yield performance in crossbreds is better than in local buffalo.

According to the data supplied by the Guangxi Buffalo Research Institute, a fattening
experiment was conducted on triple-crossbreds and half Santa Gertrudis under the same
conditions. The results showed that dressing percentage at 18 months was 53.0 percent and
59.9 percent respectively, net meat weight was 43.2 percent and 42.1 percent respectively, bone
meat ratio was 1:4.5 and 1:4.4 respectively, and the quality of the buffalo meat was equal to
that of bovine meat. The results showed that Murrah F2, had the greatest drawing ability
(198.3 kg), next was the Murrah F2 (166.3 kg) and last was the local buffalo (111.8 kg).
Meanwhile swamp buffalo can be crossed with River buffalo with high milk yields to create high
milk yield cows (Yang Bingzhuang et al., 2003).



3. PAKISTAN

In Pakistan, the buffalo is the main dairy animal in the country. Out of the 22 million head of
buffalo in Pakistan, 76 percent are found in the Punjab (24 percent in other provinces of the
country: Sind, North West Frontier Provinces (NWFP), and Baluchistan). The Punjab supplies
73 percent of the total national milk production and 71 percent comes from buffaloes which are
part of the traditional small mixed farming system which is integrated with crop production.
Herd size is very small; 85 percent of buffaloes are raised in herds of one to five animals. There
are 0.5 million landless farmers keeping dairy animals and contributing a significant
(70 percent) share of the total milk production (Raza et al., 2000).

Table 3. Production performances of buffalo in Pakistan (Mudgal, 1999).

Characteristics Nili-Ravi Kundhi
Mean Range Mean Range
Body weight at birth (kg) - - - -
Male 39.8 32-58 35.1 33.4-37
Female 37.7 27-45 32.3 31-34.5
Age at first calving (months) 47 30-54 52.7 48-57
Weight at first calving (kg) 625 544-695 495 407-585
Lactation length (days) 312 200-450 277 244-300
Lactation yield (litres) 2070 1700-2700 1825 1580-2018
Dry period (days) 160 95-240 176 134-214

Figure 8. Nili-Ravi buffaloes at the Livestock Research Institute, Bahadurnagar, Okara
(Pakistan) (Borghese photo, 1992)

Recording of buffaloes is mainly undertaken in the seven institutional herds and on a few
military farms. Apart from this, buffaloes at farm level are recorded under the progeny testing
programme which has been operative since 1980. Dairying is still not undertaken on a
commercial basis so the level of inputs is very low. Generally, animals are fed on crop residues
with some additional forage/fodder grown for this purpose. Hay and silage making does not
exist, except to some extent for institutional herds. Concentrates are fed to those animals that



are kept for the sale of milk. The government facilitates vaccination against contagious
diseases at nominal costs. About 5-10 percent of breedable females are artificially inseminated
while the rest are mated naturally with bulls of a good type. Credit facilities have also been
made available to farmers for the purchase of milk yielding animals but on a limited scale
(Khan et al., 1999; Khan, 2000).

The most common breeds present in Pakistan are the River Nili-Ravi (Fig. 8) and the Kundhi;
their production performances are reported in Table 3.

4. PHILIPPINES

In the Philippines there are 3.2 million Carabao buffaloes, 99 percent belong to small farmers
that have limited resources, low income and little access to other economic opportunities.

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 Mufioz, 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,
Fig. 9) obtained F1 (Fig. 10) with 1 100 kg and F2 with 1 350 kg mean production respectively.
The Nueva Ecija Federation of Dairy Carabao Cooperatives (NEFDCCO) is a federation that
includes 25 cooperatives in the Nueva Ecija area, and specializes in milk collection, in
organization of the milk industry and product sales. Since the main purpose of the project is to
elaborate a mechanism which will permit the Philippine group to select the parents of future
generations of Carabao, it will be necessary for them to develop their livestock and design
breeding programmes that will deliver rates of genetic improvement in the range
1.2 - 2.0 percent per year compounding. This appears to be a rather low rate of improvement.
For example, if the Carabao population currently produces 700 litres per 305 days lactation
then the expectation from genetic improvement alone (i.e. excluding increases due to
improvements in nutrition, health, etc.) is an increase to 853 litres. If the milk is valued at
70 cents a litre then the value of the increased production would amount to about US$110 i.e.
the income from one cow rises from US$490 in the first year to US$600 in the tenth year of the
breeding programme. The difficulty in communicating the value of genetic improvement is that
the increase is small per year and will not be attained with precision every year
(Phillips, 2004).

Figure 9. Carabao buffalo near Mufioz, Figure 10. Murrah X Carabao near Mufioz,
Philippines (Barile photo, 2004) Philippines (Barile photo, 2004)




5. VIETNAM

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.

Table 4. Milk production of buffaloes in Vietnam (Nguyen van Thu, 2000a)

(in the South)

(in the North)

Swamp Swamp Murrah F1 crossbred
Lactation period (days) - 210-360 236+ 57.31 292+27.5
Milk yield (kg/day) 1.50 1.20-3.45 5.55 3.50

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 highland provinces, cassava is especially popular. Buffaloes
are freely grazed on natural grassland, forests, at roadsides, canal banks, rice fields after
harvesting, dikes, etc. The local buffaloes are of the Swamp type with a total population of
nearly three million. In general, Vietnamese Swamp buffaloes have a small body size, a slow
growth rate, late maturity, a long calving interval and a low milk yield, but are very well
adapted to local ecological conditions and have good disease resistance. 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) are
mainly reared at the research station in small numbers, consequently their performances are
recorded and documented accurately. They are distributed in the northern, central and
southern provinces of Vietnam. There are some good examples of breeding Murrah buffaloes for
work and milk in village conditions in the northern provinces. Diluted semen and frozen semen
from Murrah bulls were successfully produced for artificial inseminations (Al) through
financial and technical support obtained from the Indian Government, but this programme was
poorly developed (Nguyen van Thu, 2000b). Buffalo milk production in Vietnam is reported in
Table 4.

6. SRI LANKA

The estimated number of buffalo owners in Sri Lanka is around 100 000. 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 reasns. The average herd size is around
22.5 animals. However, this figure is heavily dependent on the agro-ecological zone. 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 present population is unevenly distributed across the major agro-ecological zones of the
island which has an area of 65 000 square kilometres. The buffalo population has decreased



from 0.89 million in 1981 to 0.75 million (-15.45 percent) in 1997 with a large reduction in the
wet (-20.42 percent) and wet-intermediate zones (-33.26 percent). The reasons for this are the
increase in population pressure creating a high demand for land for residential and commercial
purposes, especially in the wet zone, urban and peri-urban areas and increased mechanization
of paddy cultivation practices and colonization of vast tracts of dry zone resulting in the
dwindling of communal grazing grounds for free-ranging cattle and buffaloes. While there has
been a decline in the total population, there has been a steady increase in the number of exotic
River crosses in the population.
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Figure 11. Crossbreds of Murrah and local Sri Lanka (Borghese photo, 2000)

Figure 12. Sri Lanka buffalo bull (Borghese photo, 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. As a result a
significant shift in the genetic composition of the buffalo population has been recorded.
According to more recent reports on a national scale the percentage of herds carrying crossbred
buffaloes has increased from 26.5 percent in 1985 to 30.4 percent in 1999 (Figs. 11 and 12).

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. The
above-mentioned advantages certainly highlight the great opportunities for harnessing the
potential of water buffalo in order to meet the national needs in many developing Asian
countries (Abeygunawarardena and Abeyratne, 2001).

7. BANGLADESH

In 2003 Bangladesh had 772 764 buffalo head owned by 270 228 holdings representing
1.52 percent of the total holdings in the country. The average buffalo head per holding was
2.67 (Faruque, 2003).

Bangladesh now has about 400 000 adult female buffaloes that are being used for draught or
dairy purposes. These buffalo are found in the Bramhaputra-Jamuna flood plain of central
Bangladesh, the Ganges-Meghna flood plain of southern Bangladesh and in institutional herds.
Bangladesh has milk/dairy buffaloes of the Swamp crossbred and River types such as the
Murrah and Nili-Ravi. The occurrence of crossbred dairy buffaloes indicates that the genetic
improvement programme has been operative and is still running. A brief description of past and
present breeding programmes (with relative successes and constraints) is given below
(Faruque, 2000).

Recent studies indicate that Bangladesh possesses the following types/breeds of buffaloes
(Table 5).

Husbandry and production systems for buffaloes vary depending on the topography and
vegetation patterns of the country. Buffaloes are raised under an extensive system in the
coastal and hilly areas where large-scale pasture land and enough green forage are available.
Buffaloes are raised under a semi-intensive system on plain land and marshy land where there
is limited pasture land. An intensive system for buffalo production is not practiced anywhere in
Bangladesh even for institutional herds. The husbandry and care of the animals differs
somewhat in the two systems. Nevertheless, there are some common practices. These common
practices are: no housing system, no artificial insemination system, no routine vaccination
programme and no animal identification and record-keeping system. One of the most important
characteristics of buffalo production in Bangladesh is that they are raised by medium or large
farmers who are generally considered rich in the locality. The staple food for buffaloes in
Bangladesh is rice straw, which is an inadequate source of energy and protein. Sugarcane
leaves, micro silage of sugarcane leaves, cassava leaves, roadside grass, elephant grass, maize
with corn cob and pineapple bran are also used as feeding stuffs (Faruque, 2003).
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Table 5. Types/breeds of buffaloes found in Bangladesh (Farouque, 2003)

Population size,

Typelbreed Location Phenotypes and Genotypes
433 000 head
Indigenous River tybe Western and Central Part of Coat colour- Jet-black to
g yp the country black. Chromosome number =
50. Medium in size
4 500 head

Light black coat colour,
chevron and white stocking

Bangladeshi Central and South West
present.
Chromosome number = 50.
Medium in size
37 500 head
Grey coat colour; chevron,
Indigenous Swamp type Eastern part of the country white stocking and crescent

horn are present. Chromosome
number = 48. Small in size
40 000 head
Phenotypes combination of

Crossbred type (Indigenous X Southern part of the country

Nili Ravi) Swamp type and Nili -Ravi.
Medium in size
Non-descriptive type - Central | South west and southern part 207 569 head
part of the country
Nili Ravi Buffalo Breeding Farm 60 head

8. 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 and
is tending to decrease gradually. In addition in some areas people prefer to consume the buffalo
foetuses when the pregnant dames are slaughtered and in this way the buffalo population
decreases even more dramatically. 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 rainfed 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.

Sixty 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
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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 programme on genetic improvement of Swamp buffaloes for use as a dual purpose animal
(meat and draught) is in place. This programme 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. Reproduction and growth performance of buffaloes in the matured herd were
evaluated as the result of genetic improvement programmes over a 11-year period (1983-1993).
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).

9. INDONESIA

The number of buffalo holdings in Indonesia in 1993 was 489 000 households; however in 1983
the number had been more than 593 000 households. However, the total population of buffalo
in Indonesia during that period did not decline in line with the decline in the number of
households with buffalo. In 1985 the total population of buffalo was 3 245 thousand, whereas
in 1993, the total population was 3 238 thousand. Therefore according to these statistics in the
period 1985 to 1993 the number of households was declining, but there was no significant
change in the number of buffaloes. Thus it indicates that the rural buffalo maintained by small
farmers in Indonesia can still make a potential contribution to the development of the dairy
industry in Indonesia. The most populous province for buffalo in the year 1993 was Jawa Barat
with 487 000, followed by DI Aceh with 454 000. The other provinces with relatively large
populations of buffalo were Sulawesi Selatan with 342 000 and Sumatra Utara with 265 000.
The population of buffalo in Jawa Tengah was also fairly high totalling 232 000, and in
Sumatra Barat with 228 000. Moreover, the populations in Nusa Tenggara Barat,
Nusa Tenggara Timur, and Sumatra Selatan were 227 000, 167 000, and 152 000, respectively,
and the remaining population in each province was less than 100 000.

The buffalo breeds have been classified as Swamp and River subspecies, and most of the
Indonesian buffalo are included in the Swamp one that consists of many types and varieties of
breeds. There are varieties of the Swamp breeds in many different localities with divergences
in size, weight, colour, marking and horn dimension. 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
(Figs. 13 and 14) and the Sumatra uplands (Fig. 15).

Spotted buffaloes are highly prized (and therefore they command high prices) to be sacrificed
and consumed on special occasions such as marriage ceremonies.

Most of the rural buffaloes maintained by small farmers in Indonesia produce less than
1 000 kg of milk per lactation. However, the production of fresh milk in Indonesia has not
increased greatly over recent years and the level of production in the latter part of the 1990s
was insufficient to satisfy the fast growing demand for this commodity. Around 90 percent of
Indonesia's fresh milk production comes from smallholder dairy farms. Some of the problems
these smallholders face are lack of capital, low technology, deficiencies in management of
animal health, and insufficient human resources. In addition, in the case of beef cattle and
buffalo, it is common practice to tether them by the roadside, and in such cases, feed is cut and
carried to them. Alternatively, they may be herded to "waste" areas where they graze on crop
residues, and feed supplements are rarely given in sufficient quantities, and during the
non-productive period, it is thought that farmers do not give the animals supplementary feed.
The age of first calving is late in comparison to temperate animals and the calving interval
ranges from 18 to 24 months. Therefore, on the basis of its performance to date, the dairy (cow
and buffalo) industry will be unable to meet the growing demand for milk and beef which
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Figure 13, 14. Swamp buffaloes in the villages of Banten Province, West Java
(Borghese photo, 2004)

Indonesia foresees for the future.

The primary objective of a new pilot programme will be to draw the attention of stakeholders
to this situation and increase the availability of animal protein for improving human nutrition.
These goals could be achieved by increasing the production of buffalo milk and meat through
the improvement of the genetic capacity of buffalo, producing F1 and backcross buffaloes from
Swamp and Mediterranean Italian River buffalo, to be used to increase buffalo milk production
in Indonesia while maintaining and improving a nucleus of purebred Swamp buffaloes.

Indonesia is also the only country where the Bubalus depressicornis (Anoa) still exists (Fig. 16).
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This is the smallest bovid in the world with a height at the withers of about 80 cm, with a live
weight of 200 kg and with 30 cm long horns. Its colour is black and it is considered to be a wild
buffalo.

Figure 16. Bubalus depressicornis (Anoa) typical species of Indonesia
(Borghese photo, 2004)
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10. MALAYSIA

The domestic water buffalo, commonly found in Malaysia, has been classified into the River and
Swamp types. In 1998, the total population of buffaloes in Malaysia was about 170 000. They
were mostly concentrated in the rice growing states of Kelantan, Terengganu, Kedah and
Pahang in West Malaysia (60 percent). 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 20th 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 has
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.

Artificial insemination (Al) in the buffalo has not been practised in Malaysia due to poor
oestrus detection techniques. Despite the availability of frozen semen and the fixed time
insemination technique, there has been no progress in Al.

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).
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MEDITERRANEAN AREA

The buffalo population in the Mediterranean area, typical for the climatic and cultural
conditions, which includes Europe and the countries of the Near East, where the
FAO Inter-Regional Cooperative Research Network on buffalo is operating, is about 5.5 million
head, 3.4 percent of the world buffalo population, that is now about 168 million head.

A decrease in the number of buffaloes is occurring in some countries in the world and in Europe
and the Near East (Bulgaria, Romania, Turkey) associated with three factors: holsteinization
i.e. the substitution of low production cows and buffaloes with high production
Holstein Friesian cows; mechanization, i.e. the substitution of draught animals with tractors
and the poor market demand for buffalo products. On the contrary in Egypt, Iran and
particularly in Italy buffalo numbers have increased due to the demand for particular products
obtained only from buffalo milk and because the buffalo has changed from a rustic triple-
purpose animal to become a dairy purpose animal.

In Italy particularly the increasing demand for buffalo mozzarella cheese both on the national
and international markets, the Denomination of Controlled Origin (DOP) as "Mozzarella di
Bufala Campana" for this cheese registered in Italy and in Brussels for the European
Union (EU), and the milk quotas on surplus bovine milk imposed by the EU, led to an increase
in the buffalo population of about 142 percent from 1993 to 2001 (compared with a 7.8 percent
increase in the world population in the same period) and to an increase of 1600 percent
(16 times) from 1957 to 2002. In Italy this increase in the number of buffaloes is not only
remarkable for this percentage increase but also when compared with the trends in other
species, which have all decreased over the last 50 years particularly for cattle, dairy cows and
horses. The Italian dairy cow crisis was provoked by the milk quotas imposed by the EU, by
farm structure inadequacy and lower dimensions in comparison with northern Europe, by BSE
and Blue Tongue pathologies and by a reduction in reproductive life that is now no more than
2.5-3 calvings. Ovine livestock is also suffering due to new health regulations in the EU,
insufficient pasture availability, Blue Tongue pathology, milk industry problems, and changes
in consumer demand that now favours fresh and soft cheeses (such as mozzarella) rather than
dry cheese (such as pecorino).

In eastern Europe and Turkey buffaloes were also used for draught. However, with the advent
of more and more tractors, buffalo numbers have decreased. In countries of the Near East,
where dairy cows give an average milk yield lower or similar to buffaloes, buffalo decline has
not been registered and in Egypt they are still useful animals for draught. In Egypt, Iran and
Azerbaijan there is a consumer preference for buffalo dairy products rather than for those
derived from cow's milk. In Iran and Egypt the increase in buffalo numbers seems to be
associated with a global improvement of animal production since the increase affected cattle to
the same extent, whereas in Bulgaria and Turkey, alongside the consistent reduction in
buffaloes, there has also been a drastic reduction in cattle.

In Table 6, buffalo population, productivity, number and percentage of recorded buffaloes are
reported. The importance of animal recording for the process of selection is well recognized all
over the world and is demonstrated by the fact that in most countries such activity is at least
partially financed by governments, which consider it an important means for improving animal
production.

An international non-governmental organization, the International Committee for Animal
Recording (ICAR) has been active for over thirty years in the field of promotion and
standardization of animal recording. A specific seminar, jointly organized by FAO and ICAR in
the year 2000 (Workshop on animal recording for improved breeding and management
strategies for buffaloes, Moioli et al., 2000), clearly evidenced the major constraints that have
to be faced in order to implement a milk recording activity. These can be briefly summarized as
follows: (i) lack of finance; (ii) farmers are reluctant to let other people know the production of
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their animals; (iii) identification of the animals is expensive; (iv) recording costs increase
proportionally with the distance between herds, and buffaloes are mainly raised by
smallholders (two to five animals) scattered over wide country areas. These constraints explain
why the percentage of recorded buffaloes in countries where buffalo seems to be more important
than cattle is so low. The highest proportion of milk recorded buffaloes, in fact, is found in Italy
(27.8 percent), in lIran it is 4.5 percent, while in other countries the recorded buffaloes are
about 1 percent of total dairy females (Turkey, Romania) or less. We have high percentages of
recorded buffaloes in Bulgaria, Syria and Greece, where the buffalo population is disappearing.
All the cows (5 880) are recorded in Bulgaria since they are a small number: 5 640 on private
farms and 240 on State and cooperative farms. A small nucleus is recorded in Romania,
(0.7 percent total cows), in Egypt (0.2 percent) and in Azerbaijan (0.06 percent).

Recently milk recording began in Greece on 41 cows, in Syria on 640 cows and in Turkey on
1 000 cows at the Afion Buffalo Research Institute and in llikpinar Village (Hatay). No
recording activity has been undertaken in Iraq and Albania.

Lactation length varies from 180 to 312 days, while the ideal period was 270 days with an
average lactation milk yield of 1 600 kg.

Table 6. Buffalo population and productivity in European and Near East countries
(Borghese, 2004)

Countries Total Adult I\j?lclfitiiglr; Day§ Relc\:/loi:I(;ed Recorded
Number | Female (kg) Lactation Buffaloes %
Italy 265,000 133,000 2,175 270 36,966 27.8
Egypt 3,717,000 1,487,000 1,600 312 3,040 0.2
Iran 400,000 208,200 1,600 220 9,300 4.5
Turkey 110,000 58,806 1,247 230 1,000 1.7
Azerbaijan | 290,000 150,000 1,000 266 100 0.06
Romania 100,000 42,300 1,200 270 300 0.7
Iraq 98,000 40,000 1,320 270 NO 0
Bulgaria 9,200 5,880 1,870 278 5,880 100
Syria 4,500 1,800 1,191 254 640 35.5
Greece 1,000 500 1,020 240 41 8.2
Albania 100 70 400 180 NO 0

In Italy the milk production in 36 966 recorded buffaloes (ANASB 2003) was 2 175 kg in
270 days of lactation with 8.10 percent fat and 4.65 percent protein (Table 7) Recorded
buffaloes are raised in 287 herds with an average of 128.8 head per farm. The productivity in
other countries is lower, due to the fact that only Italy has undertaken a great deal of work on
recording, selection and genetic improvement, health, and on improving feeding and livestock
systems.

Milk composition improved in Italy in just a few years, with the average protein content moving
from 4.4 to 4.73 percent in 2002 and to 4.65 percent in 2003, while the fat content moved from
7.3 to 8.3 percent in 2002 and to 8.1 percent in 2003 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 is increased reducing the
number of bred females. At present there are many females in Italy producing more than
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5 000 kg milk for lactation (270 days). Therefore 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, and lastly
on beef sales.

Table 7. Italian Buffaloes (ANASB 2003)

N° Head 265 000
N° Dairy buffaloes 133 000
N° Recorded buffaloes 36 966
% Recorded Buffaloes 27.8
N° Recorded farms 287
N° Head/farm 128.8
Kg Milk production (in 270 d) 2175
% Fat 8.10
% Protein 4.65

In Europe and countries of the Near East, buffaloes are all of the River type, with similar
phenotype but variable size, ranging between a minimum of 280 and 300 kg live weight for the
adult female and male respectively in Egypt to a maximum of 900 and 1 000 kg in Iraq, the
most frequent size being 600 and 800 kg (Table 8). There has been little exchange of breeding
buffaloes among countries, therefore each population has its own phenotypic traits and
performances. European buffaloes are all considered to be of the same breed, named the
Mediterranean: in Italy the Mediterranean type was particularly selected and it is called
Mediterranean Italian breed (figs. 28, 29, 30); in Turkey there is the Anatolian; in Egypt it is
called the Egyptian; in Iraq there is the Khuzestani or Iraqi breed; in Azerbaijan it is called the
Azeri or Caucasian; in Iran there are Azeri and Khuzestani breeds.

In Bulgaria, crossbreeding with the Murrah breed was undertaken, by importing in 1962 a
considerable number of animals from India, and to a lesser extent in Azerbaijan by importing
Murrah buffaloes from Bulgaria.

Age at first calving is, on average, 36 months (Table 8), in Italy a good proportion of buffaloes
calve at 28 months of age whereas in Egypt and Syria a high number have the first calving after
40 months.

The main factor influencing the age at puberty (after genetics) is the nutrition level. In fact,
experimental trials have demonstrated that heifers fed from the age of nine months with a high
energy level diet (5.7 MFU/day) had a growth rate of 678 g/d while those fed a low energy level
diet (4.4 MFU/day) had a daily gain of only 530 g. Furthermore, buffaloes of the first group
reached puberty at 20.5 months while the others only at 23 - 24 months. The possibility of using
grazing systems for buffalo heifers, which are less expensive than unifeed mixing or silage, was
demonstrated by Borghese et al., (1997); in fact, no delay in the age at puberty was noted even
in the grazing buffaloes provided that the average daily gain was not below 600 g/day.

Moreover in most European and Near East countries the puberty age is delayed because the
requirements are not satisfied.

Average herd size (considering the number of adult breedable females) is below eight in the
whole region, except Italy (90), Syria (35) and Iran (34). The proportion of breedable females to
total buffaloes is about 50 percent in all countries. In the countries where the majority of
buffaloes are reared in very small herds there are also a few bigger private, cooperative or state
herds (Bulgaria, Egypt and Turkey).
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Table 8. Type and feeding of buffaloes in Europe and the Near East (Borghese, 2003)

Herd size | aquit live |A9€ atfirst _ _
(n° weight (kg) calving [Housing Feeding
Country breedable (months)
buffaloes) female| male

loose in Common ration: 28% maize
Italy 90 650 800 28-32 addock silage, 34% concentrates, 25%
P hay and straw 13% by-products

Spring: leguminous,
gramineous, hay - Winter:

Romania 2.4 545 665 38-42 tied concentrates, wheat bran and
silo - Sum./Aut.: graze, conc. or
wheat bran
Alfalfa hay, straw, maize silage,
Bulgaria 2.5 600 800 34-37 tied green fodder or grazing,
concentrates

Egypt 35 280 300 34-41 tied and | Grazing + indoor feeding + cut

paddock and carry
Syria 35 490 580 36-42 paddock |Grazing, straw and concentrates
tied and Summer: grazing and wheat
Turkey 8 410 510 36 bran - Winter: stems of maize
paddock
concentrates
In towns: concentrates, green
Iraq 10 900 |1,000 36 paddock | _f0rage. straw - In marshes:
grazing on papyrus, and other
plants
Iran 34 550 650 36-39 pasture Green fodder, concentrates,
straw, apple pulp, cotton seeds
Azerbaijan 530 | 780 | 36-39 tied | Maizesilage, hay straw, hay
silage, oilcake, concentrates
Greece 40 Graze all the year,_ concentrates
only in winter
Albania Grazing, roughage

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 (Egypt, Turkey, lIraq,
Syria); in the favourable season they are allowed to graze during the day (Romania, Turkey and
in some farms in Italy). In the marshes of south-west Iran, buffaloes are kept outdoors on
pasture all year long, whereas in the northern areas around the Caspian Sea they are kept in
barns only in winter. Lactating buffaloes are kept tied all year long in Bulgaria, Romania and
Azerbaijan. In Italy they are housed loose in paddocks all year long, utilizing the same modern
systems used for dairy cows, and the buffalo cows normally receive unifeed composed of maize
silage, concentrates, hay, straw and sometimes by-products (Table 8). For example, a 600 kg
live weight buffalo cow producing 10 kg milk, would be fed 15.3 kg dry matter (33 percent maize
silage, 42 percent alfalfa hay, 17 percent concentrate with 38 percent proteins, 8 percent maize
grain) with 12.7 Milk Feed Units, 2.1 kg crude proteins and 3.5 kg crude fibre. The same
happens in Bulgaria, where the buffaloes receive unifeed composed of maize silage,
concentrates, hay, straw, green fodder, and by-products. In other countries where the herds are
small and domestic, the buffaloes are fed green forages indoors and outside are left grazing
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(Egypt, Iran, Turkey, Syria, Greece). Concentrates are used more in Romania and Azerbaijan.
One third of Iraq's buffaloes wallow in marshes all year round, the water reaching up to the
middle of their body. They swim far and wide for feeding and when the water is high, they stand
on platforms made of papyrus, reeds and mud. Sometimes the farmers build huts on these
platforms to house the buffaloes and the platforms can be pushed to different parts of the
marshes. Grazing in the favourable seasons is practiced everywhere at least for some of the
buffaloes, except in Azerbaijan and Iraq. In any case, green forage "cut-and-carry" in the
favourable season composed of legumes, varying from country to country, concentrates and
by-products are the basic foodstuff. Green forage and hay are made mainly of alfalfa in Italy,
Bulgaria, Romania and Turkey and Trifolium alexandrinum in Egypt. The most common
by-products given to buffaloes are brewer grain residuals in Italy and Bulgaria, sugar beet-pulp
in Italy, Bulgaria and Iran, cotton residuals in Egypt and Azerbaijan, tomato peel in Italy,
apple juice residuals in Iran, sugar cane residuals in Egypt and Iran, stalk and cobs in Iran,
Egypt and Romania and straw everywhere. In the Iragi marshes, buffaloes are fed during the
night with green forage cut by the farmer during the day. This forage is composed of reeds,
papyrus, various water plants, and rice hulls when available.

In the countries examined, all herds have their own bull except in some areas of Romania,
Bulgaria, Egypt and Turkey with very small herd sizes (two or three breedable buffaloes),
where a group of bulls exists for breeding at the village level.

Artificial insemination is practiced very little: in Italy on 5 percent of buffalo cows, but it is
rapidly increasing; in Azerbaijan on 0.7 percent; in Egypt on 0.3 percent and in Romania on
0.1 percent. In Bulgaria, in the large cooperative state farms, it is used on 80 percent of the
buffaloes. In Turkey it began in 2002 near llikpinar village (Hatay) (Figs. 17 and 18) with
Italian semen provided by the FAO Network project. In the other countries it is not used at all.
The diffusion of artificial insemination in buffaloes is difficult because of seasonality.

The buffalo cow shows stages of partial anoestrous or even deep anoestrous during the spring
and summer. Obviously seasonality depends on many factors, both genetic and environmental,
mainly nutritional. In buffalo, as well as in other livestock, melatonin plays a fundamental role
in initiating the hypothalamus-pituitary-ovarian axis activity with variations in level between
three and ten pg/ml in daytime and between 20 and 90 at night, while levels depend upon
daylight hours, and therefore season, as well as upon the age of the buffalo. In Italy the goal of
having as many buffaloes as possible to calve before spring is of primary importance because
the demand for buffalo milk is especially high in the spring and summer, with variations in the
milk price between winter and summer of 50 percent.

For this reason, in Italy many research trials have been carried out to induce buffaloes to calve
in the favourable season, in particular regarding oestrus induction which is also helpful for
performing artificial insemination. Therefore, methods to induce oestrus are essential to
remove anoestrus, to improve artificial insemination, and to increase out of season milk
production. The hormonal treatments used to stimulate the hypothalamus-hypophysis axis are
varied: 1. hormonal release factors (i.e. GnRh), 2. progesterone (i.e. PRID Progesterone
Releasing Intravaginal Device) plus gonadotropine plus prostaglandine (see Chapter 1V:
"Reproductive efficiency in Female Buffaloes").

20



Figure 17, 18. Anatolian buffaloes submitted to oestrus induction and artificial insemination
techniques (Borghese photo, 2002)
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11. TURKEY

The water buffalo is called by different names such as Dombay, Camiz, Camis, and Komus in
Turkish. It is recorded that it was introduced into Europe by the crusaders, and Mogul
recounted that many buffaloes were raised in Trakya, in BC 3 000. Buffalo figures can be seen
on signets made in Mesopotamia.

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 percent
and the reason for this decrease in water buffaloes has been the preference 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 about 110 000 head (Borghese, 2004), and only of the Anatolian breed.
In 2002 Italian semen was introduced in Ilikpinar village (Hatay), for the local population of
buffaloes in order to improve genetic and milk productivity ( Sekerden et al, 2003).

In 1988 it was found that the average milk yield of buffaloes raised in controlled herds at first
lactation period was 813.12+36.21 kg; it was also reported that at the first, second and third
lactation period, the average milk yield was 983.4+58.45 (442-1715) kg respectively. In addition
it was noted that the average milk yield of farmers under village conditions was
1,009.89+21.13 kg, and the average lactation period was 224.80+6.42 (121-368) days. The dry
period was 188.04+x11.17 (64 - 552) days. Milking was generally undertaken by hand. Milking
by machine was carried out only around Istanbul. The average dairy yield of the buffalo cow
was 5.08+1.71 kg.

Composition of the buffaloes' milk was: protein: 4.18+0.07 percent, total solids:
17.71+0.35 percent, and fat: 8.11+0.20 percent. The fat-free solid content of buffalo milk was
11.91+0.17 percent. The water content of the milk was 82.29+0.35 percent.

The milk production of the water buffalo is renowned and favoured particularly for the
production of the famous unique Turkish desserts. This was one of the highest motivations for
farmers to keep and raise water buffaloes near big cities (Soysal and Kok, 2004).

12. AZERBAIJAN

The most valuable buffalo gene fund of the USSR was in Azerbaijan. During the transition
period following the break up of the Soviet Union no research facilities or farm management
activities existed to assist buffalo breeders. As a result, the number of buffaloes in many
regions of Azerbaijan fell drastically. Valuable breeds of buffaloes were slaughtered for meat.
In order to counteract this shortage, the President of Azerbaijan, Heydar Aliyev, issued a
decree for the Preservation of the Local Livestock Gene Pools in Azerbaijan. The Azerbaijan
Association of Buffalo Breeders, founded in December 2001, played a leading role in passing
this law.

There are approximately 300 000 buffaloes in Azerbaijan, including 140 000 female buffaloes
with an average milking rate of around 1 200-1 600 kg (eight to ten percent fat content) with
305 days per lactation. On the state-supported buffalo breeding farm, there are 920 buffaloes,
including 250 female buffaloes (Farajev and Bashirov, 2002).

The main problem hampering the development of buffalo breeding in Azerbaijan is the absence
of high quality reproductive buffaloes and a lack of artificial insemination facilities. Financial
assistance, such as that provided by Italy, was useful for the introduction of oestrus induction
and artificial insemination techniques (Figs. 19 and 20), to develop milking and cheese industry
management (Borghese, 2005) and to improve the local Azeri breed.
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Figure 19, 20. Azeri buffaloes submitted to oestrus induction and artificial insemination
techniques (Borghese photo, 2003)
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13. 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).

14. IRAN

In the 1930s, there were 1 500 000 buffaloes in Iran. By 1995 this number had decreased to
500 000. The buffalo is a native animal of Iran, with over 80 percent of its population
concentrated in the north and north-west (Azerbaijan province) and 18 percent in the south of
the country. The overall buffalo population is increasing at about 1.3 percent annually, while
on the contrary in some countries such as Iraq and Bulgaria, the numbers are dropping. 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 percent); 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: streams, rivers; ponds, lakes, integrated with the
following products: citrus peels and pulp, sugar cane wastage, etc. In Khuzestan, buffaloes are
raised outdoors throughout the year; but in the north-west they are housed in the autumn and
winter. 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).

Milk production in Iran is reported in Table 9 according to data published by
Abdulwahid Ghanemi (1998).

Table 9. Milk production of buffaloes in Iran

Khuzestani Azeri
Lactation period (days) 210 210
Milk yield (kg/year) 1 865 1200

15. IRAQ

In lIraqg, according to data provided by Borghese (2004), there where 98 000 total River
Khuzestani or Iraqgi buffaloes, 40 000 adult females with kg 1 320 as medium lactation milk
yield, in a 270 day lactation period. Presently it is impossible to estimate the real situation in
Iraq because of the war. According to data provided by Magid (1996), buffaloes are bred in the
marshes and swim far and wide for feeding on papyrus, reeds, common ash and other plants.
When the flood water is high their owners have to go out and collect these plants in order to
feed the buffaloes on platforms. Rice hulls are also given when available. Buffaloes in towns
rarely graze on natural pasture; they are fed mostly on concentrates, green forage, straw and
agricultural by-products.
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16. EGYPT

The total number of buffaloes in Egypt reached about 3.717million in 2003, of which 42 percent
were dairy cows, 6 percent buffalo bulls, 32 percent heifers less than two years old and
20 percent male calves less than two years old. While the annual growth rate for the buffalo
population approached 3 percent over the last two decades, it still only accounts for 1 percent
of the cattle population. The aggregate share of buffalo milk, from all types of production
systems is about 81 percent of total milk production in Egypt.

The cost of milk production from buffaloes is also less than the cost of reconstituted imported
powdered milk at the international market price. The return on one ton of concentrate feed mix
generated by milk production confirmed the comparative advantage of buffaloes in Egypt.
Recently, in association with the economic reform era and market liberalization, the
commercial buffalo system has significantly expanded (Soliman and Sadek, 2004).

Figure 21, 22. Egyptian buffalo cows and calves reared in the Delta Region
(Borghese photo, 2000)
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There are different research institutes at the Ministry of Agriculture and at the University in
Giza (Cairo) involved in developing projects concerning buffaloes and buffalo products. The
breed is the River Egyptian (Figs. 21 and 22). The buffaloes are spread along the river Nile, in
the Delta Region and at the Fayum Oasis.

Buffalo productivity in Egypt is about 210-280 days/lactation, an average of seven lactations
and a milk yielding of 1 600 kg. The age at the first calving is 34-41 months (Fikri El-Kirabi,
1995).

17. ITALY

Buffalo livestock in Italy is a small reality in comparison with the large population numbers of
many east Asian countries, but it is an important reality in economic terms, both for workers'
occupation and as an example of typical Italian produce in the world. In addition the Italian
Buffalo is the first in the world with regard to genetics, applied technologies, the monitoring of
pathologies and the hygiene and quality of products.

The selection and genetic improvement is controlled by the ANASB (Italian Buffalo Breeders
Association) and at the present time 27.8 percent of the total population of dairy buffaloes
(Table 7) is recorded, both in the morning and in the evening, each month. Therefore many
buffalo cows, producing more than 5 000 kg/lactation 270 days, have been identified. Many
bulls are submitted to performance and progeny tests and many millions of semen doses from
bulls of proven high genetic value are available for artificial insemination in Italy and in the
world. There are many centres of semen production in the south of Italy, in Campania, where
most buffaloes are reared, one (Cooperativa Fecondazione Artificiale, CoFA) is in Cremona, in
the north of Italy. The breed is named the Mediterranean Italian to distinguish it from other
European breeds which are not at the same genetic level. All data are collected by ANASB
which decides on the selection goals, which are presently to increase not only the milk quantity
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

The "Mozzarella di Bufala Campana D.O.P." is the primary product of buffalo livestock: it is
sold for a minimum € 10.00 per kg in the cheese industries, much more in shops and is exported
not only within Europe, but all over the world, from the USA to Australia. The demand exceeds
the production and mozzarella is particularly sought by restaurants.

Italian buffalo management is exclusively intensive: 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. Milk production is sustained by diets with a high energy concentration
(from 0.85 to 0.95 MFU/kg DM) and a high protein concentration (14-16 percent 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; 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 90 head per herd. Heifers are also fed intensively in order
to achieve puberty before 20 months.

The largest proportion of the buffalo population can be found in the 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
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and of the milk products in the industry is of a particularly high standard.

Research on the buffalo species is carried out by the "Istituto Sperimentale per la Zootecnia"
(Animal Production Research Institute, Monterotondo, Rome) and by the Federico Il
University, Naples.

18. ROMANIA

The buffalo population in Romania was more than 200 000 head in 1996 (Popovici, 1996).
Actually it is about 100 000 of Mediterranean breed (Table 6), sometimes crossbred with
Bulgarian Murrah.

The average milk production is 1 200 kg per lactation (270 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 (Table 8), grazing on pasture in the warm season.

19. BULGARIA

In Bulgaria a new buffalo population, named Bulgarian Murrah, has been created through the
importation of Indian Murrah in 1962 and later in 1975 by crossing them with indigenous
Mediterranean. This activity was effected systematically under the scientific management of
the Buffalo Research Institute in Shumen and the National Animal Selection Center
(Alexiev, 1998). Buffaloes (Figs. 23 and 24) 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 managed in separate groups according to physiological conditions: suckling
calves, females four to twelve months, heifers, pregnant heifers and dry cows, milking cows.
Milk recording, selection, artificial insemination and progeny testing were coordinated by the
Buffalo Research Institute.

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 (Table 6) of Bulgarian Murrah in
Bulgaria. All these animals are submitted for milk recording and to artificial insemination.

Figure 23, 24. Bulgarian Murrah herds (Alexiev, 1998)
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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 10.

Table 10. The buffalo population in America (Rocha Loures, 2001)

Country Population
Argentina 50 000
Bolivia 5 000
Brazil 3 000 000
Colombia 30 000
Cuba 30 000
Ecuador 5 000
Paraguay 10 000
Peru 25 000
Venezuela 150 000
Trinidad and Tobago 10 000
Other countries (Belize, USA, Costa Rica, Guatemala, Mexico, 30 000
Panama, Guyana)
Total 3 345 000

One of the characteristics that makes buffalo so widely used in these countries is their
extraordinary ability to convert fibre 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.

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, 2004) the buffalo population in
Venezuela is 200 000 and 70 000 in Argentina. The present population all over America is about
3 415 000.

20. 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.

In an earlier publication, detailed information was given regarding the comparative
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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).

21. TRINIDAD-TOBAGO

Water 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. Indian contract labourers used
the males to haul sugar cane and the cows to provide milk for their families and neighbours.
During the mid-19th century, selection and crossbreeding among the original imported milk
breeds started with a view to developing a specialized beef animal now commonly referred to as
the Buffalypso (Fig. 25). Consequently the milk production potential of these animals was
ignored.

Figure 25. 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).

22. 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 buffaloes in Brazil, which are found in all States,
notably Para, Maranhao, Ceara, Pernambuco, Rio Grande do Northe, Minas Gerais, Bahia,
Rio de Janeiro, Sao Paulo, Parana, 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
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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 programme 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 county 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. 26), 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. Tonhati and Cerd6n-Mufoz, 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 Cer6n-Mufioz, 2002).

Figure 26. 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 (Para, Rio Grande do Norte, Ceara, Bahia, Minas Gerais, Sao Paulo and
Parana). 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
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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).

23. VENEZUELA

The buffalo population in Venezuela is about 200 000 heads (Borghese, 2004). There are
different breeds: Mediterranean Italian, Bulgarian Murrah, Indian Murrah and others
imported 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. Today there is a development of the milk production potential with the
introduction of better genetic lines (Montiel-Urdaneta et al., 1997). Likewise, 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 are many limiting factors
such as government inertia regarding the existing sanitary problems and the absence of
national development programmes (Reggeti, 2004).

24. ARGENTINA

The buffalo population in Argentina is about 70 000 head, notably Mediterranean, Murrah and
Jafarabadi imported from Brazil, (Zava, 2004) and it is 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 largest
concentration of farmers in this regard is in the Corrientes and Formosa Provinces. Buffaloes
are reared on an extensive system, 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. The problems in Argentina are: use of low-level technologies, inadequate sanitary
conditions, low quality products and insufficient productivity (Vargas, 2004).

31



AUSTRALIA

Buffaloes were not native to Australia, they arrived with the first British settlements in the
Northern Territory. Buffalo numbers are now estimated to be less than 40 000 - 50 000 head,
with 20 000 in managed herds confined by fences and the remainder ranging over uncontrolled
areas (monitored negative for TB) in southern and south eastern Arnhemland (an Aboriginal
reserve), east of Katherine and along the south coast of Darwin. This 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 12 years there has been a movement
of buffaloes between states with small herds (up to 100 head) scattered over all other states
except Queensland (which currently prohibits their farming) (Lemcke, 2001).

From 1994 to 1997, government and private owners imported several River buffaloes (four bulls
and four heifers) from the USA. Despite the loss of the two original bulls and one young calf,
the purebred herd numbered 21 head in February 2001. Crossbred calves were first produced
in 1995 and were involved in performance comparisons with purebred Swamp cows.
A grading-up programme 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 in 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).
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AFRICA

Since Egypt has been considered as part of the Mediterranean area, due to its history, culture
and geographical position, there is no tradition of buffalo farming in the African continent.
Even if people commonly refer to the African buffalo, the indigenous wild African buffalo, which
is very little known to most animal production scientists, this buffalo is a member of another
species (Syncerus caffer). In the classification of the "Bovini" tribe, three groups have been
distinguished: Cattle, Asian buffalo and African buffalo.
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Figure 27. Bufalo cafro (Syncerus caffer), Zimbabwe (Antinori photo, 1984)

African buffalo therefore belongs not only to a different species with respect to Asian buffalo,
but also to a different genus (genus Syncerus) with respect to the genus Bubalus of Asia and
Europe, with a chromosome number of 52 in Syncerus in contrast to the 50 chromosomes of
Bubalus bubalis River and 48 of Bubalus bubalis Swamp.

Very few studies have been undertaken on the African buffalo, which is found in the forest and
savannah regions of Africa, South of the Sahara: Ethiopia, Sudan, Zaire, Congo, Chad and
South Africa. The total population is about two to three million. In view of its tolerance to the
tsetse fly and trypanosomiasis and its sustainability to the environment, the possibility to
produce fertile hybrids with the Asian River buffalo appear attractive and in fact experiments
of crossbreeding with the Indian buffalo have been carried out. Unfortunately these
experiments were unsuccessful and therefore interbreeding between Syncerus and Bubalus
appears impossible (Borghese and Moioli, 2000).

Further trials to domesticate the African buffalo have been undertaken in a few countries, with
particular success in Zimbabwe (Fig 27), where it was proved that this animal, considered in
the past to be wild and ferocious, could be used for draught.

Many trials have been undertaken in the past to introduce River buffaloes into Madagascar,
Mozambique, South Africa, Tanzania, Zaire and the Congo (Alexiev, 1998), but these small
buffalo colonies died out owing to disease (particularly trypanosoma), nutritional deficiencies,
climate, etc., in fact buffaloes are more sensitive than cattle to direct solar radiation and
temperature. In hot climates water availability is of high importance for buffaloes, which need
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wallows, rivers or splashing water in order to reduce the heat load and thermal stress.
Therefore the diffusion of the buffalo population in Africa and in the world depends on the

availability of water, hence the fact that the Bubalus bubalis is commonly called the "Water
buffalo" (Borghese and Moioli, 2000).

Figure 28, 29, 30 Mediterranean ltalian Buffaloes at the
Animal Production Research Institute (Barile photo, 2005).
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Figure 31, 32 Mediterranean ltalian Buffaloes at the
Animal Production Research Institute (Barile photo, 2005).
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Chapter 11
BREEDING AND SELECTION OF DAIRY BUFFALOES

Bianca Moioli

Istituto Sperimentale per la Zootecnia
(Animal Production Research Institute)
Via Salaria 31, 00016 Monterotondo (Rome), Italy

Breeding and official selection activity in any country depends on the economic importance of
the considered livestock, therefore of the products that can be obtained from it. From Table 1,
Column 6, it is evident that in four countries the numbers of buffaloes exceed the numbers of
dairy cows, i.e. in Pakistan, Egypt, India and Nepal. Azerbaijan, Italy, Iran and Romania follow
with values ranging from 15 to 2.6 percent.

The first step in the breeding and selection activity with regard to any dairy livestock is milk
recording of the productivity of each yielding animal, the results of which, when appropriately
merged with the genealogy data, allow a definition of the milk genetic merit of each individual,
in particular of the bull for which we have no other milk record except the production of his
related animals.

The importance of animal recording for the activity of selection is well recognized all over the
world and is demonstrated by the fact that in most countries such activity is at least partially
financed by governments, which consider it an important means for the improvement of animal
production. An international non-governmental organization, the International Committee for
Animal Recording (ICAR) has been active for over thirty years in the field of promotion and
standardization of animal recording. The ICAR comprises 20 member countries and has
obtained excellent results particularly in the dairy cattle sector, where one of its groups,
entitled Interbull, regularly produces milk genetic merits of bulls that are comparable among
different countries representing the most important dairy breeds: Holstein Friesian and Brown
Swiss. What keeps buffaloes far behind the results obtained by dairy cows is the cost of the
whole organization of milk recording, genealogy data registration and the selection activity. A
specific seminar, jointly organized by FAO and the ICAR in the year 2000 (Workshop on animal
recording for improved breeding and management strategies for buffaloes), made clearly
evident the major constraints affecting the implementation of the milk recording activity,
which can be briefly summarized as follows: 1. Lack of finance; 2. Farmers are reluctant to
reveal to other people the levels of production of their animals; 3. Identification of the animals
is expensive; 4. Recording costs increase proportionally to the distance between herds, and
buffaloes are mostly raised by smallholders (two to five animals) scattered over wide country
areas. These constraints illustrate why the percentage of recorded buffaloes (Table 1,
Column 5) in countries where buffalo seem to be more important than cattle are so low.

The highest proportion of milk recorded buffaloes, in fact, is found in Italy (28.6 percent),
Bulgaria (8.5 percent) and Iran (4.5 percent), countries where the numbers of buffaloes
represent below ten percent of dairy animals.

A consistent number of recorded buffaloes (Column 4) is obviously found in countries with the
highest presence of buffaloes (India and Egypt) which signifies that these countries have also
taken steps towards implementing an organized milk improvement activity, on a solid scientific
and technical basis.

The information regarding strategies for buffalo improvement and other associated activities,

which are referred to in this document, were obtained through specific questionnaires that the
coordination centre of the Buffalo Network, in collaboration with the ICAR Working Group on
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Buffalo, regularly sends to reference centres in each country. The activities of each country will
be separately examined below, beginning with those countries having the highest number of
recorded buffaloes (Column 4).

India

The National Dairy Development Board (NDDB) was the promoter and is the executor of the
whole recording and selection activity. The NDDB (organization covering the whole of India)
was created to promote, finance and support producer-owned and controlled organizations. The
NDDB's programmes and activities seek to strengthen farmer cooperatives and support
national policies that are favourable to the growth of such institutions. Fundamental to the
NDDB's efforts are cooperative principles; dairy cooperatives account for the major share of
processed liquid milk marketed in the whole of India. Milk is processed and marketed by
170 Milk Producers' Cooperative Unions, which are merged into 15 State Cooperative Milk
Marketing Federations. NDDB's programmes and activities seek to strengthen the operation of
dairy cooperatives, as producer owned and controlled organizations. The NDDB supports the
development of dairy cooperatives by providing them with financial assistance and technical

expertise.

Table 1. Dairy cows, dairy buffaloes (females), total milk recorded buffaloes, percentage
recorded out of total buffalo population, percentage of dairy buffaloes out of total dairy
females (cattle + buffaloes). The countries are listed on the basis of total number of recorded
cows. Years 2000 to 2003.

1 2 3 4 5 6
Dairy Total milk Percentage Percentage of dairy
. recorded out buffalo out of total
Country Dairy cows buffalo recorded .
(females) buffaloes of total buffalo dairy females
population (cattle + buffalo)
India 35 500 000 | 46 000 000 - - 56.40
- Gujarat 2 500 000 57 500 2.30 -
Pakistan 4 366 000 |10 650 000 - - 71.00
- Punjab - 7 900 000 6 000 0.08 -
- North West
Frontier - 990 000 26 000 2.50 -
Provinces
Italy 2 169 000 125 000 35 755 28.60 5.40
Egypt 1 253 000 1 487 000 3034 0.20 54.00
Iran 3 543 000 208 200 13 236 6.30 5.00
Brazil 27 800 000 52 000 500 1.00 0.19
Bulgaria 430 000 4 980 425 8.50 1.10
Nepal 828 000 836 500 400 0.05 50.20
Turkey 5 700 000 58 806 200 0.34 1.00
Azerbaijan 820 000 150 000 100 0.06 15.00
China 53 000 000 8 500 000 - - -
(all)
China 4 633 000 2 900 . - 0.06
(only dairy)
Romania 1 600 000 42 300 - - 2.60
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The Dairy Cooperative Network operates in over 285 districts, covers nearly
1 031 281 village-level societies and is collectively owned by nearly 11 million farmer members.
The most concrete results of the NDDB activity in buffalo improvement have been obtained in
Gujarat and are outlined below.

Gujarat (India)

Five percent of all Indian buffaloes are raised in the State of Gujarat, in the west of India. In
this state, buffalo recording has been carried out since 1987 under the programme entitled
"Dairy herd Improvement Programme Actions " (DIPA). The recording systems were introduced
with the objective of genetic improvement of buffaloes through a well-planned, field-based
progeny testing programme.

In the year 2000, 2.5 million buffaloes were documented by milk recorders employed by the
village cooperative society. These recorded buffaloes are all raised on smallholdings of one to
five animals, which means over 800 000 recorded herds, and from these herds every year a total
of forty young bulls are selected for progeny testing and sent to the artificial insemination (Al)
station.

Average lactation production of milk recorded buffaloes is 1 071 kg (300 days) for the Meshana
breed and 1 694 kg (292 days) for the Murrah crossbred. Fat content is 7.01 percent in the
Meshana and 6.68 percent in the Murrah cross. Protein content is not recorded.

In the region, there are three natural breeding stations controlled by the cooperative and three
Al stations. Forty percent of the 2.5 million buffaloes are given Al, while the remaining
sixty percent are taken to the breeding station.

The three breeding stations belong to the Dairy Farmers' Cooperative Union, a
non-governmental organization; yearly they keep about 260 bulls, of an average age of six
years. The milk genetic merit of each bull is estimated on the basis of the milk production of
30 to 50 daughters per bull. An animal model is used for the calculation.

Two of the three Al stations are also owned by the Dairy Farmers' Cooperative Union; they
keep 105 bulls which produce 730 000 semen doses a year. Ninety percent of them are progeny
tested bulls or bulls born from progeny-tested bulls, while the remaining are new on-test bulls.
There is an additional Al station owned by an international non-governmental organization: it
keeps 155 bulls, producing altogether 410 000 semen doses a year. Ninety-five of them are
progeny-tested bulls or bulls born from progeny-tested bulls, while the remaining are new
on-test bulls.

The size of individual smallholdings does not permit the upkeep of their own breeding bull; this
is the reason why the Al stations are frequently employed. The majority of farmers is given only
one semen dose per buffalo; few of them request two doses. Conception at the first oestrus is
41 percent and the conception rate per year is 2.46 inseminations per conception.

Italy

In the past fifty years, buffalo numbers in Italy have increased 17 fold; it is therefore the
livestock that has registered the highest increase in numbers. The reason for this increase lies
in the fact that from a rustic triple-purpose animal, buffalo has become a dairy purpose animal.
All produced milk is in fact processed into mozzarella cheese, and the increased demand for this
cheese, both on the national and international market, together with the milk quotas (i.e. taxes
on surplus cow milk production) imposed by the European Union, have favoured the increase of
buffalo production. The Italian Ministry of Agriculture is responsible for the milk recording and
selection activity through two specific organizations, the Italian Breeders' Association (AlA)
and the Buffalo Breeders' Association (ANASB) which provide the technical staff for performing
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these activities. The numbers for milk recorded buffaloes (2002) was 35 755, i.e. 28.6 percent of
the buffalo population; average lactation milk production was 2 168 kg (270 days); fat content
8.28 percent and protein content 4.73 percent. Fat and protein content analysis is compulsory
in the Italian milk recording system because the two results are included in the estimation of
the genetic merit of milk, giving the highest importance to protein content, due to the
conversion of the milk into mozzarella cheese. Recorded buffaloes are raised in 292 herds in
36 Italian districts (the average herd size is 122).

Selection activity started in the 1980s; five progeny testing cycles were performed from 1987 to
1994, testing comprehensively 43 bulls, and providing 17 positive bulls. Two more progeny
testing cycles were performed from 1998 to 2002. In these two last cycles eight bulls were put
on-test. 14 477 semen doses were produced from these bulls and 3 718 buffaloes were
inseminated. The remaining available doses are 6 350. In 2003-2004 a further cycle was
initiated during which four new bulls will be progeny tested.

The keeping of bulls and semen collection is performed in two different Al stations. Bull and
cow genetic merit for milk and mozzarella production are published in special catalogues that
are produced by ANASB biannually. In the catalogue, the top one percent of Italian buffalo
cows with the highest genetic merit for mozzarella and milk production are listed.

Punjab (Pakistan)

The milk recording system and selection activity is implemented by the Livestock and Dairy
Development Department of Punjab, through the Livestock Production Research Institute of
Bahadurnagar. Six thousand buffaloes are milk recorded in seven very large herds (over
500 buffalo) belonging either to the research institute or to the army, as well as in 27 field
recording centres, so including buffaloes in smallholdings of 5 to 20 animals. Average milk
production (year 2000) was 1 823 kg (257 days). Fat and protein content are recorded only for
the research herds. Breeding of buffalo is mainly through natural mating bulls, 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 programme began in 1980, where
high pedigreed bulls are selected on the basis of the milk production performance of their
daughters. Government livestock farms are the principal centres for bull production. In Punjab,
semen is produced and stored at Semen Production Units in 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.

North West Frontier Provinces - NWFP (Pakistan)

Twenty-five thousand buffaloes are milk recorded in the NWFP; the majority of them
(76 percent) are raised in small herds of one to five animals, while 23 percent are raised in
medium-size herds (6 to 20 animals). In these herds the owner himself records buffalo milk
yield. There are also three public herds, owned by the Animal Husbandry Training Institute of
Peshawar, by the Agricultural University and by the Pakistan Army, where the milk recording
is performed by technical staff.

Five hundred breeding stations exist in the NWFP, each of them usually keeping one bull of five
years of age. The stations are owned by private farmers and the milk genetic merit of the bull
is judged according to the performance of his dam. Seventy-three percent of small owners
(two to five animals) take their buffaloes to a breeding station, while only thirty percent of
medium-size herds (up to 20 animals) take their buffaloes there.

There are three Al stations in the NWFP, two private ones and one run by the Government,
keeping a total of 18 on-test bulls. Fifty thousand semen doses are produced annually.
One percent of small herds (one to five animals) uses Al while five percent of bigger herds use
it. The majority of farmers is given only one semen dose per buffalo; few of them request two
doses. Conception at the first oestrus is 50 percent and the conception rate per year is two
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inseminations per conception.

Ten percent of small owners raise their own breeding bull, while 20 percent of medium-size
herds (up to 20 animals) does the same; 10 percent of medium-size owners buy an adult bull
from a different owner. In the bigger herds, which number about 10 000 in the NWFP, breeding
bulls are raised from the calves born in the same herd.

The milk genetic value of the bull is judged from the dam's performance. Buffaloes with an
average milk yield of above ten litres per day are considered "Elite" buffaloes. Information on
buffalo productivity is provided by the extension, research or university veterinarians, NGOs
agents, other farmers, postgraduate students, farmers from the province of Punjab or animal
dealers, when the breeding bull is purchased from outside the province.

It is estimated that 12 percent of buffaloes are kept grazing all day in village fields and
therefore bred there by the grazing bulls.

Egypt

The Cattle Information System/Egypt (CISE) of the Cairo University records about 290 small
(one to five animals), 27 medium (six to 20) and six large herds. Due to a lack of financing, fat
and protein content cannot be recorded.

The Ministry of Agriculture and Land Reclamation (MALR) through the Animal Production
Research Institute (APRI) records four State herds, belonging to APRI, the sizes of which are
respectively 50, 70, 75 and 80 and 500 breedable females. The Breeders' Service Unit of APRI
provides free complete milk analysis and Somatic Cell Count for the enrolled herds.

CISE is the only institution in Egypt performing data analysis centrally, producing monthly
herd summaries and individual milk yield information. Calculation of the genetic merit of
recorded buffaloes and breeding bulls is in progress.

The average milk production of milk recorded buffaloes (year 2002) is 2 030 kg (312 days) and
the fat content is 8.2 percent. There are six breeding stations with a total of 60 bulls with an
average age of five years. These stations belong either to APRI or MALR. All smallholders (one
to five animals) take their buffaloes to the breeding stations, as well as 20 percent of the
medium size (6 to 20) owners. In bigger herds, breeding bulls are mainly raised from their own
male calves although 20 percent of them buy adult buffaloes (two to three years) from different
owners. In all cases, breeding bulls are chosen on the basis of pedigree and performance results
of the dams, when provided by CISE.

Artificial insemination is used in one percent of the medium to large herds. There are six Al
stations owned by the Government and one by the University, possessing a total of 70 bulls.
Artificial insemination is still performed at research level; usually only one semen dose is
offered at each oestrus, conception at the first oestrus being 30 percent.

Iran

In Iran milk recording and the selection activity is implemented by the central government
through the Animal Breeding Centre of Karaj. The number of recorded buffaloes was 13 236 in
2003. Besides the official recording system provided by government technical staff, there is a
semi-private system of recording performed by the farmer himself and by the staff of the local
cooperative of farmers. In both cases, executive operations are supervised by the Animal
Breeding Centre.

The semi-private system is more popular in the small herds (one to five animals) where
7 100 buffaloes are milk recorded.

There are no breeding stations in Iran, but two performance testing/Al stations, one in West
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Azerbaijan (Jabal station), keeping ten bulls and one in Kuhzestan which will be inaugurated
in 2004 with a capacity of 50 bulls. Bulls are preselected by provincial experts based on
maternal performance and body type and then taken to the station at the age of between 6 and
18 months. Genetic merit of these bulls is estimated against an animal model which includes
milk and fat yield, as well as body type parameters. Twenty-thousand semen doses are
produced yearly by the Jabal Al station. Artificial insemination is still performed at a low level,
since the activity only started in the year 2000; it is estimated that about 200 recorded
buffaloes are offered Al yearly; two insemination at each oestrus are always offered, the
conception at the first oestrus being 50 percent.

Smallholders (one to five animals) that rear 72 percent of buffaloes in Iran, grow their own calf
to become a breeding bull in 50 percent of cases, they borrow a bull from a neighbour during
the breeding season in 10 percent of cases, but leave their buffaloes to be bred in village fields
by unknown bulls in 40 percent of cases. Medium-size farmers (6 to 20 animals) that rear

23 percent of buffaloes in Iran, grow their own calf to become a breeding bull in 40 percent of
cases, they borrow a bull from a neighbour during the breeding season in 10 percent of cases,
buy a bull from another farm with proven milk genetic merit provided by the Breeding Centre
in 5 percent of cases, but leave their buffaloes to be bred in village fields by unknown bulls in
45 percent of cases. Bigger farmers (over 20 animals), that rear five percent of buffaloes, in
60 percent of cases they borrow a bull from a neighbour during the breeding season, or buy a
bull from another farm with proven milk genetic merit provided by the Breeding Centre in
15 percent of cases, but never leave their buffaloes to be bred in village fields.

The milk recorded herds are provided with a wide set of information on the productivity of their
buffaloes and breeding values of males that are centrally calculated from the productions of
their daughters and related females.

Three breeds of buffalo are reared in the different regions of lran: Azeri (70 percent);
Kuhzestani (22 percent) and Mazandarani (eight percent). Average lactation milk production
and lactation duration of the three breeds are as follows (2003): Azeri: 1 500 kg milk in
210-220 days; Kuhzestani: 1 950 kg milk in 210-240 days; Mazandarani: 1 300 kg milk in
220-230 days.

Brazil

Milk recording activity in buffalo of the various imported breeds (Murrah, Mediterranean and
crossbred) is performed only in the research herds and in a few private herds for research
purposes. About 500 buffaloes are recorded on an annual basis. Average milk production is
1 290 kg (241 days); fat and protein percent are respectively 7.04 and 4.25.

Bulgaria

Milk recording and selection activity in Bulgaria is promoted and executed by the Regional
Agency for Selection and Reproduction with scientific and technical support from the
Agricultural Institute, Department of Buffalo Breeding, Shumen.

The average milk production of the recorded buffaloes is 1 874 kg (278 days lactation); fat and
protein percent are respectively 7.56 and 4.51.

The majority of buffaloes (3 976 i.e. 80 percent of the total population) are reared in small herds
(one to five animals); in this herd-size class only 300 buffaloes are milk recorded. Consequently,
no information is available to these farmers for improving buffalo productivity: 90 percent of
them leave their buffaloes to be bred in village fields; however, five percent of them make use
of the governmental breeding station, two percent buy a bull from another owner and three
percent take the buffaloes to other herds for mating. Medium-size owners (6 to 20 animals) that
rear 8.5 percent of the total population) use Al in five percent of cases, go to the breeding
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station in another five percent of cases, and grow their own bull, or buy a different bull in
50 percent of cases; 40 percent of them leave their buffaloes to be bred in village fields. In
addition there are ten larger herds (20 to 500 animals). In these herds Al is employed on over
70 percent of buffaloes and a proven genetic merit bull is purchased from other owners in
25 percent of cases.

There is one breeding station in Bulgaria, owned by the government, possessing three to four
bulls on an annual basis. The genetic merit of these bulls is estimated using a BLUP Animal
Model developed from the records of daughters and related animals. These calculations are
performed by the Agricultural Institute, Department of Buffalo Breeding, Shumen.

In addition, there are two Al stations possessing four bulls, which provide 1 320 semen doses
every year, of which 1 050 semen doses are from proven bulls. Buffalo are offered two or more
inseminations at each oestrus; the conception rate at first oestrus is 45 to 55 percent.

Nepal

There are three institutional herds currently being milk recorded in Nepal. The Department of
Livestock Services maintains a breeding herd of about one hundred Murrah cows and five to
seven Murrah bulls which provide young bulls for dispersal under the crossbreeding
programme throughout the country. The Agricultural Research Stations of the Nepal
Agricultural Research Council (NARC) maintain two herds (in Lumle and Tarahara) of hill
buffaloes (Lime, Parkote and Tarai breed) with the purpose of assessing the performance of
indigenous stock in station production environments. In addition, the Agricultural Research
Station, Lumle, has been carrying out milk recording activity in farmer buffaloes for the past
13 years in the western hill area.

Crossbreeding of indigenous buffaloes with Murrah has been the national policy of the genetic
improvement programme. Both natural and Al methods are used. In the past, unrestricted
grading up with Murrah blood has been the policy throughout the country, but recently,
particularly in the central hill area, a limit of 62.5 percent Murrah blood was considered.

Average milk production (305 days lactation) is 1 372 kg; 1 048 kg and 1 031 kg respectively for
the Murrah, Lime and Parkote breeds.

There are five breeding stations in Nepal, possessing in total 35 bulls, aged six years.

There are a total of 179 Al service centres in 43 accessible districts. The central Animal
Breeding and Al Section in Kathmandu valley and the Regional Semen Banks supply frozen
semen to these Al centres. Eleven thousand semen doses are produced annually. Each buffalo
is offered 1.2 semen doses at each oestrus and the conception rate per year is 35 percent.

Turkey

No milk recording systems for buffalo at the national level are 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
performs milk recording activity in buffalo herds of the Hatay province. In total the milk
performance of about 200 buffaloes is recorded.

No breeding station for buffalo or Al station exists in the country.

Al was provided to buffalo herds in the Hatay province as part of an FAO development project
using semen from proven Italian bulls in the year 2002.

83 percent of buffaloes in Turkey are raised by smallholders (one to five animals); the
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remaining 17 percent are raised by medium-size farmers (eight animals on average). All these
farmers, except the mentioned recorded ones, leave their buffaloes to be bred in village fields
by unknown bulls.

Azerbaijan

Milk recording in Azerbaijan is performed only for buffaloes of the four nationally controlled
herds, that raise altogether 240 adult buffalo females.

Fifty-five percent of all buffaloes are raised in small herds (one to five animals); 12 percent in
medium-size ones (6 to 20 animals); 21 percent in large herds (21 to 100 animals); there are
moreover 101 herds comprising more than 100 buffaloes. All farmers grow their own bull
replacements from their calves; small farmers often buy bulls from other owners at the age of
three to five years. The practice of leaving buffaloes to be bred in village fields is not used.

China

Although the Chinese buffaloes are Swamp type, therefore not milking buffaloes, the
perspectives of the dairy buffalo sector in China cannot be ignored in this context. Contrary to
popular opinion, the Chinese are content to consume dairy products. The market for dairy
products is growing by 18 percent per annum, the second fastest growth in the world after
Brazil. In this context the Ministry of Agriculture, through its Dairy Project Office, has drafted
a publication entitled "Dairy and beef buffalo sector investment promotion guide book for
domestic and foreign investors (1999)".

The first dairy buffalo herd composed of Indian Murrah was introduced in Guandong in 1948.
Further batches of Murrah were introduced in Guanxi and Hubei in 1957, and in Huizhan City
and Zhanjiang in 1960. In 1962 and 1974 further Nili Ravi and Murrah breeding animals were
imported. In 1987 the Ministry of Agriculture established a National Buffalo Development
Project, and in 1996 a financing agreement for the water buffalo development project was
signed with the European Union.

In 1997, 100 paillettes (straws) of Murrah semen were made available to the Buffalo Institute
of Nanning. The defined target dairy buffalo provinces are: Guangdong, Guanxi, Yunnan,
Jiangxi and Sichuan. The EU-China Water Buffalo Development Project is based on the
following assumptions: investment in dairy processing plants; import of 100 000 to
200 000 semen doses from foreign countries for crossbreeding and improvement of milk
production of indigenous buffaloes.
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Buffalo genome research and applications

DNA technology in buffalo has been principally applied for parentage verification. DNA
profiling has become a major tool in paternity verification and forensic medicine in humans,
and among the various types of markers, that have been used for creating the profile,
microsatellite-based markers overcome many of the difficulties associated with the previously
used ones (RFLPs and genetic fingerprints produced by minisatellite probes) (Botstein et al.,
1980; Jeffreys et al., 1991), which either suffer from low polymorphic information content or are
difficult to interpret. Microsatellite sequences are stretches of tandemly repeated short
sequence motifs, one to six nucleotides in length; polymorphisms arise from the difference in
number of times the motif is repeated, and they have the advantage that, being 100-300
nucleotide long, they can be amplified by polymerase chain reaction (PCR) (Usha et al., 1995).
A set of polymorphic DNA microsatellites useful in Swamp and River buffalo was produced by
Moore et al. (1995) and the protocols for two microsatellite multiplex were referred by Blasi et
al. (2003). The first multiplex includes: microsatellites INRA006, CSSM42, CSSM47, CSSM19,
D5S2, MAF65, RM4, CYP21 and BM1013 and the second multiplex includes: microsatellites
CSSM70, CSSM60, INRAO026, BM0922, and BM1706. The two multiplex are routinely used for
buffalo parentage verification in Italy and give a probability of exclusion of 0.99999.

DNA microsatellites, furthermore, have found widespread application in population genetics.
FAO recommended the use of high polymorphic microsatellite markers in the programme
strategy for the measurement of domestic animal diversity (FAO, 1998).

Barker et al. (1997) estimated the genetic diversity between and within eight Swamp and three
River buffalo breeds based on the variation of 21 microsatellite loci. They found a significant
differentiation between the Swamp and the River types, and among population within each
buffalo type.

Moioli et al. (2001) analysed the genetic diversity between Italian, Greek and Egyptian buffalo
populations, based on 13 microsatellite loci, showing that the differentiation between the
Italian and Greek buffaloes was irrelevant, while the differentiation between the Egyptian and
the other two is higher than the one found between the river populations in Asia examined by
Barker et al. (1997).

The paper by Moioli et al. (2001) indicates also that the genetic analysis undertaken using the
13 microsatellites reflects effectively the isolation by distance of different populations, and that
the genetic distances between groups of sampled animals of the same population describe the
geography of the country.
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Chapter 111
BUFFALO BREEDS AND MANAGEMENT SYSTEMS

Bianca Moioli and Antonio Borghese

Istituto Sperimentale per la Zootecnia
(Animal Production Research Institute)
Via Salaria 31, 00016 Monterotondo (Rome), Italy

BUFFALO BREEDS

Breeds (only for the River subspecies) are listed in alphabetical order. Breed names are those
given in Mason (1996). A World Dictionary of Livestock Breeds, Types and Varieties, Fourth
Edition. Wallington, UK. Population size is given for years 1999-2004, according to the
different sources.

1. Anatolian

The Anatolian buffalo has been raised in Turkey for centuries, originating from Indian
migration (7th Century), together with the expansion of Islam.

Population size: 110 000

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,
Mus, Kars, Dyarbakir, Afyon, Sivas.

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:
Lactation duration 220-270 days

Milk yield 700-1 000 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 yoghurt. 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.

Sources: Sekerden et al., 1996a,b; Sekerden et al., 2000, Borghese, 2005.
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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 9th 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. 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.

Sources: Latifova, 2000; Turabov, 1991; Turabov, 1997a,b; Naderfard and Qanemi, 1997;
Marmarian, 2000; Qanemi 1998; Borghese, 2005.

3. Bangladeshi

Population size: 5 000

Description: Black in colour, white spot on the forehead and tail-switch in some cases. Curled
and short horns.

Indigenous Bangladeshi buffaloes of the River type are found in the South-West. In the
remaining parts of the country they are either Swamp or crosses of exotic breeds: Nili-Ravi and
Murrah type.

Sources: Faruque, 2000.
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Figure 1, 2. Anatolian buffaloes in Ilikpinar village (Hatay, Borghese photo, 2002)
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Figure 3, 4. Azeri buffaloes (Borghese photo, 2003)
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Figure 5. Azeri buffalo, Iran, Mazandaran (Naderfard H. photo, Iran)
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Figure 6. Bangladeshi buffaloes in coastal area (Faruque O. photo)
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4. 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.

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, sugar cane 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.

The performance characteristics of the Bhadawari breed maintained at the Indian Grassland
and Fodder Research Institute (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) 27214
Average fat (percent) 7.2+0.4 to 13
Average dry period (days) 297424
Service period (days) 179+10
Calving interval (days) 47811
Average calf mortality (0-3 months) 12.15 percent

Sources: Alexiev, 1998; FAO, 2003; Sethi, 2003.

Figure 7. Bhadawari cow Figure 8. Bhadawari bull with the
(Sethi, 2003) typical ring on lower side of neck
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5. Bulgarian Murrah

From 1962 to 1990, Murrah buffaloes from India were imported into Bulgaria and a new
population of buffalo was created by upgrading the local buffalo.

Population size: 14 000

The buffalo population in Bulgaria has dramatically declined since the Second World War, with
the advent of Holstein and mechanization. Furthermore, after 1989, privatization forced the
cooperative buffalo farms to close down. The private sector is composed of small units which has
made selection and recording more difficult.

Description: Black or black and brown or dark grey in colour.

Body weight of adult male is 700 kg.

Body weight of adult female is 600 kg.

Distribution: All over Bulgaria, Romania and South America.

Husbandry: Buffaloes are traditionally managed under domestic conditions together with the
calf. They are hand-milked twice a day. Some milking machines are now available. During
winter, they are kept in sheds and are fed different kinds of roughages: barley and wheat straw,
cornstalks. In addition, they are given concentrate mixtures, sometimes mixed with beet pulp.
During the summer, they graze all day long in the marshy areas and in the evening they return
to their sheds. They are mated mainly through natural mating. Some villages provide artificial
insemination. In state buffalo farms (200-400 buffaloes) they are managed according to their
condition: heifers, lactating, pregnant, dry. Milking buffaloes are kept in closed sheds and tied
up. During winter, they are allowed outside in paddocks for part of the day, in summer they are
allowed to graze. They are always given concentrate mixture in addition to roughage. Al is used
on all buffaloes.

Average slaughter weight is 400 kg, at the age of 16 months. Carcass yield is 50.4 percent.
Overall growth rate is 750 g/day.

Dairy performance:

Lactation duration 270-305 days
Milk yield 1 800 kg
Milk fat 7.04 percent

Products: Yoghurt and milk by-products. Processed meat products are very important: all kinds
of salami and sausages, Pastarma, lukanska and flat sausages.
Sources: Peeva et al, 1991; Peeva, 1996; Alexiev, 1998.

Figure 9, 10. Bulgarian Murrah bull and herd (Alexiev, 1998)
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6. Egyptian

Buffaloes were introduced into Egypt from India, Iran and lrag 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: 3 717 000

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 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.
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:

Lactation duration 210-280 days
Milk yield 1 200-2 100 kg
Milk fat 6.5-7.0 percent

Products: The following cheeses are produced with the addition of cow milk: Domiati, Karish,
Mish, Rahss.

Sources: El Kirabi, 1995; Nigm, 1996; Ragab and Abdel Salam, 1963; Mokhtar, 1971; Askar et
al., 1973; Borghese, 2005.

Figure 11, 12. Egyptian buffaloes from Fayum oasis (Borghese photo, 1996)
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7. Jafarabadi

The existence of the Jafarabadi breed in Gujarat (India) is referred to in 1938.

Population size: 600 000

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, sugar cane 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.

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) 529413
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

Sources: Alexiev, 1998; Trivedi, 2000; Sethi, 2003.
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Figure 13. Buffalo cows of Jafarabadi breed in Brazil (Alexiev, 1998)

8. 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.

Sources: Cockrill, 1974; FAO, 2003.

9. Kuhzestani or Iraqgi 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 141 cm, body weight is 600 kg.

Distribution: In Iran, they are located in Kuhzestan and Lorestan. In Iraq, mainly in the South,
in the peri-urban areas of Baghdad and Mosul.

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 sugar cane, 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. 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:

Lactation duration 200-270 days
Milk yield 1 300-1 400 kg
Milk fat 6.6 percent
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Products: Milk, yoghurt, fresh cream, fresh cheese, butter.
Sources: National Buffalo Project, 1988; Magid, 1996; Saadat, 1997; Borghese, 2005.

Figure 14, 15. Iraqi buffalo near Mosul (lIraq) on the Tigris river
(Al-Jamass R. photo)
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10. 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.

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, cornstalk, sugar cane residuals. In addition, they are given concentrate mixtures.
If grazing is available, they graze all day long. They are mated mainly through natural mating.
Some villages also provide artificial insemination.

There are a few state buffalo farms with 500 to 1 000 milking buffaloes.

Dairy performance:
Lactation duration 320 days

Milk yield 2 000 kg
Milk fat 7.0 percent
Milk protein 6.0 percent

Sources: Alexiev, 1998; Tunio A.N., 1999.

11. 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.

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
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Products: milk, ghee, meat, swiss-cheese, yoghurt, leather.
Sources: Rasali, 1997; Rasali, 1998a,b.

Figure 16, 17. Typical Lime buffalo (Rasali D. Photo, Nepal)

12. 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.

Dairy performance:

Milk yield 4 kg/day
Products: Milk, ghee, cream, meat.
Sources: Cockrill, 1974; FAO, 2003.
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13. 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 as well as through other central European
conquerors in the 6th and 7th Centuries.

The buffalo population in Europe has been dramatically declining since the Second World War,
with the advent of Holstein and mechanization.

Population size: 400 000

Description: Black, black and brown, dark grey coat. 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. Average herd size is below five breedable buffaloes in most
countries, except in Italy where it is 90. The proportion of breedable females to total buffaloes
is about 45 percent except in Italy where it is 62 percent, since males have little market
potential.

The body weight of the adult female is 450-650 kg.

Distribution: Italy: 265 000 (Mediterranean Italian breed); Romania: 100 000; Brazil: 10 000;
a few thousand in Greece, Albania and TFYR Macedonia; a few hundred in the United Kingdom,
Germany, The Netherlands, Switzerland and Hungary.

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. 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. 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, TFYR Macedonia, Greece and Albania, extensive management
systems are employed.

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

64



Products: Mozzarella, treccia, scamorza and other cheeses, ricotta (ltaly); Vladaesa cheese,
Braila cheese (Romania); White brine cheese (Bulgaria, Romania); yoghurt, meat and meat
industry products: bresaola, salami, sausages, cacciatorini (little salami), etc.,

Sources: Borghese and Moioli, 1999; Borghese et al., 2000; Borghese, 2005; Stravaridou, 1998;
Bikocu, 1995; Popovici, 1996; Bunewski, 2000.
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Figure 18, 19. Mediterranean Italian buffalo cow and herd in intensive system,
Tor Mancina (Rome). (Borghese photo, 2004)
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14. 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.

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).
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, sugar cane 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.

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.

Sources: Trivedi, 2000; Sethi, 2003.
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Figure 20. Meshana heifers (Gujarat, India)
(Early Bulletin of National Dairy Development Board)
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15. Murrah

In the north-west of the sub-Indian continent, buffaloes have long been selected for milk yield
and curled horn. It is the most important and well-known buffalo breed in the world.
Population size: 2 000 000

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.

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, sugar cane 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.

Dairy performance:

Lactation duration 305 days
Milk yield 1800 kg
Milk fat 7.2 percent
Products: Milk, ghee, cream, meat.

Sethi (2003) reported the performance characteristics at the Haryana Agricultural University
(HAU) Centre, 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) 144426
Service period (days) 146+27
Calving interval (days) 47933

Sources: Reddy and Taneja, 1982; Pal et al., 1971; Cockrill, 1974; FAO, 2003, Sethi, 2003.

16. 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.
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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, sugar cane residuals. In addition, they are given concentrate
mixtures. If grazing is available, they graze all day long. They are naturally mated.

Dairy performance:

Lactation duration 243 days

Milk yield 825 kg

Milk fat 7.0 percent

Products: Milk, ghee, cream, meat.

Sources: Cockrill, 1974; FAO, 2003; Sethi, 2003.
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Figures 21, 22. Murrah bull and herd at the Buffalo Research Institute
(Hisar, Haryana, India)
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17. Nili-Ravi

Domestication of draught animals in the Indus valley civilization is referred to about
4 500 years ago. Nili and Ravi were 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. 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.

Population size: 6 500 000

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: All over Pakistan but mainly in the Punjab.

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, sugar cane residuals. In addition, they are given concentrate
mixtures. If grazing is available, they graze all day long. They are naturally mated. Artificial
insemination is available at the state farms and in some villages.

Dairy performance:

Lactation duration 305 days
Milk yield 2 000 kg
Milk fat 6.5 percent
Products: Milk, ghee, cream, meat.

The highest milk yielder at the Institute at Bahadurnagar produced over 4 000 kg while the
breed champion produced as high as 6 535 kg in 378 days (Alexiev, 1988).

The performance characteristics of the Nili Ravi breed maintained at the Central Institute for
Research on Buffaloes (CIRB) Sub-campus Centre (India) of the Network Project on Buffalo are
presented below (Sethi, 2003):

Average body weight (kg) 546
Age at first calving (months) 39.97
First lactation 305 days or less yield (kg) 1 565
First lactation total yield (kg) 1571
All lactation 305 days or less yield (kg) 1 946
All lactation total yield (kg) 1969
All lactation length (days) 299
Average fat (percent) 7.1
Average dry period (days) 131
Service period (days) 151
Calving interval (days) 443
Number of services per conception 1.6
Average calf mortality (0-3 months) 7

Sources: Alexiev, 1998; Cockrill, 1974; FAO, 2003; Sethi, 2003.

69



Figure 23. Nili-Ravi bull at Livestock Figure 24. Nili-Ravi bull cow at Livestock

Research Institute, Bahadurnagar, Okara, Research Institute, Bahadurnagar, Okara,
Pakistan (Borghese photo, 1992) Pakistan (Borghese photo, 1992)
18. 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.

Figure 25. Typical Parkote buffalo (Rasali D. photo, Nepal)
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Dairy performance:

Lactation duration 351 days

Milk yield 875 kg

Milk fat 7.0 percent

Products: milk, ghee, meat, swiss-cheese, yoghurt, leather.
Sources: Rasali, 1997; Rasali, 1998a,b.

19. 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, sugar cane 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.

Dairy performance:

Lactation duration 350 days
Milk yield 2 400 kg
Products: Milk, ghee, cream, meat.
Sources: Sethi, 2003

20. 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.

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

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, sugar cane 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.

71



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 Maharana Pratap University of Agriculture and Technology (MPUAT) (India)
Vallabhnagar Centre of the Network Project on Buffalo:

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 295457
All lactation 305 days or less yield (kg) 1477142
All lactation total yield (kg) 1 547450
All lactation length (days) 31147
Average fat (percent) 8.10
Average dry period (days) 234121
Service period (days) 20717
Calving interval (days) 510£16
Number of services per conception 2.55

Average percentage calf mortality (0-3 months) 7.0

21. 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).

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. If grazing is available, they graze all day long.
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.

Sources: Cockrill, 1974; FAO, 2003.
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22. 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.

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

Sources: Cockrill, 1974; FAO, 2003; Sethi, 2003.

Figure 26. Surti cow (Sethi, 2003) Figure 27. Toda buffalo in its natural
Sources: Trivedi, 2000; Sethi, 2003. habitat (ICAR Ad hoc Scheme, Breeding
Research Station, Sandynallah)
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Chapter IV
REPRODUCTIVE EFFICIENCY IN FEMALE BUFFALOES

Vittoria Lucia Barile

Istituto Sperimentale per la Zootecnia
(Animal Production Research Institute)
Via Salaria 31, 00016 Monterotondo (Rome), Italy

Introduction

The world buffalo population is continuously increasing and was estimated to be more than
170 million in 2003 as reported by FAO (2004). More than 95 percent of the world population is
found in Asia where buffalo play a leading role in rural livestock production. Over the last
decades buffalo farming has widely expanded in Mediterranean areas and in Latin American
countries and several herds have also been introduced in Central and Northern Europe.

Buffalo farming is increasing in Italy too due to the growing market demand for buffalo milk
that is utilized exclusively for the production of "mozzarella cheese". Another economic benefit
deriving from buffalo milk production is that buffalo milk is not restricted by the specific
European Union (EU) directive called "milk quotas", introduced to stop the increase of cow milk
production. In fact, this regulation induced some farmers, in areas where Friesian cattle are
traditionally reared, to consider the option of breeding milking buffaloes for the production of
"mozzarella" cheese. This led to an expansion of buffalo breeding in the north of Italy too, away
from the customary area, traditionally situated in southern Italy (Campania, Lazio and
Puglia regions) where 95 percent of the Italian buffalo population is reared.

In spite of this expansion in buffalo breeding, there was no improvement in milk and meat
production due to slow genetic progress. The productivity increase obtained over the last years
is due mainly to an improvement in management techniques rather than to genetic selection.
Reproductive efficiency is the primary factor affecting productivity and is hampered in the
female buffalo by a delayed attainment of puberty, seasonality, long post-partum anoestrus and
subsequent calving interval, and poor oestrus expression. Regarding the latter, artificial
insemination (Al) which is the normal practice in cattle breeding, is limited in buffaloes due to
the weakness of oestrus symptoms and variability of oestrus length that makes oestrus
detection very difficult.

Studies have been undertaken in order to better understand the reproductive physiology of the
buffalo and the factors affecting its behaviour. Considerable attention has been paid to
reproductive endocrinology over the last two decades, with the aim of developing models to
improve reproductive efficiency, particularly when controlled breeding techniques are utilized.

Puberty

Puberty in buffalo is delayed compared with cattle (Jainudeen and Hafez, 1993). The age at
puberty is difficult to establish because of difficulties in oestrus detection in this species and
most estimations appear to have been extrapolated from the age at first calving. According to
Jainudeen and Hafez (1993), the River type exhibit first oestrus earlier (15 to 18 months) than
the Swamp type (21 to 24 months). First conception occurs at an average body weight of 250 to
275 kg, which is usually attained at 24 to 36 months of age.

There is a large variation in age at puberty in different countries (Table 1).

In one of the first investigations to study the phenomenon of puberty and first conception in
buffalo heifers Hafez (1955) reports that in Egyptian buffalo, on the basis of mating behaviour
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Table 1. Puberty in buffalo heifers as reported by various authors.

. Age
pumor | TYPRST | Agest | o ase st ey | vt
P y 9 P 9 calving

Hafez . 406 d 647d

(1955) Egyptian (13.5 m) 198 1 215m) | 31°
Mohamed et al. .

(1980) Egyptian 9.9 m
Barkawi et al. .

(1989) Egyptian 24.7m 310
Salama et al. .

(1994) Egyptian 154 m 271

Madan .

(1988) Indian 16-40 m

Saini et al. 355.8
(1998) Murrah 36.5m33.1m 322 3

Pathodiya et al. . 1683 d
(1999) surti (56.1 m)

Sule et al. . 1418 d
(2001) Surti 1365 d (45.5 m) (47.3 m)

Gogoi et al. Murrah 53.8 m
(2002) Surti 51.5m
Ishaq - .

(1972) Nili-Ravi 30-33 m 450-519
Naqgvi and Shami . . 976 d
(1999) Nili-Ravi (32.5 m)
Le Xuan Cuong | Vietnamese
(1983) Swamp 30-36 m
Kamonpatana et Asian
al. (1987) Swamp 24-25m 300
Tulloc and .
Grassia Ag:{r;l]lan 14-19 m
(1981) P

McCool et al. Australian
(1988) Swamp 30.3 m 318

Okuda et al. Brasilian 540 d 850 d
(1999) (18 m) (28 m)

Ferrara i

(1964) Italian 36 m

Salerno .

(1974) Italian 27 m 39 m
Zicarelli et al. .

(1977) Italian 26-35 m 447 m
Borghese et al. Italian 575.4 d (19.1 m) 359.1

(1994a) 623.1 d (20.7 m) 390.1

d: days; m: months.
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and rectal examination of uterus and ovaries, the average age at first oestrus and at first
conception was 406 and 647 days respectively, with a body weight at first oestrus and first
conception of 198 and 319 kg respectively. The period elapsing from first oestrus to first
conception ranged from 52 to 438 days. More recently, Mohamed et al. (1980) kept calves with
good feeding levels and sprayed them with water during the hot months and reported the
youngest age at puberty for the Egyptian buffalo (9.9 months); while Barkawi et al. (1989),
under the common practices in the state farms, reported the oldest age (24.7 months at 310 kg
body weight). Salama et al. (1994) with an improved feeding system and managerial practices,
and taking into account progesterone value to define more accurately the onset of puberty,
obtained the average age at puberty of 15.4 months with an average body weight of 271 kg.

For the Indian buffalo, Madan (1988) reports a large variation in age at puberty ranging from
16 to 40 months depending on the breed, with an earlier age in the Surti and a later age in the
Nagpuri. In contrast, Sule et al. (2001) reports in Surti buffalo an average first heat and first
conception of 1365.06+£12.85 and 1418.6+13.16 days (about 45.5 and 47.3 months) respectively.
According to Saini et al. (1998), Murrah buffalo kept under normal management at the
University farm, reach puberty at 36.5 months and 355.8 kg body weight, while improving
management and splashing buffaloes with water during the hot period, shorten the age at first
oestrus to 33.1 months and to 322.3 kg body weight. Gogoi et al. (2002) studying the age at first
calving of Murrah and Surti buffaloes from some government farms, found that Murrah
buffaloes had a higher age than Surti buffaloes (53.88+0.48 vs 51.51+1.18 months), while
Pathodiya et al. (1999) found an average age at first calving for the Surti buffaloes of
1683.48+34.86 days (about 56.1 months).

In Pakistan, Naqvi and Shami (1999) studied the age at sexual maturity in the Nili-Ravi
buffaloes and report a mean age of 976.49+9.2 days (about 32.5 months) ranging from
957.93+10.68 to 1015.26+17.39 days depending on farms. Similarly, Ishaq (1972) found for the
Nili-Ravi an age at puberty of 30 - 33 months and at 450-519 kg body weight.

Kamonpatana et al. (1987) in the Swamp buffalo report a mean age of 24 to 25 months and a
body weight of 300 kg at sexual maturity. In the Vietnamese Swamp buffalo, Le Xuan Cuong
(1983) states that puberty is achieved between 30 and 36 months.

According to Tulloch and Grassia (1981), puberty in the Australian Swamp buffalo occurs
between 14 and 19 months of age, while McCool et al. (1988), on the basis of progesterone
profiles, reports a mean age at puberty of 30.3£6.1 months at a body weight of 318+54 kg.

For buffalo bred in Brazil, Okuda et al. (1999) report that the age at sexual maturity and the
age at first calving averaged 540.9+146.88 days (about 18 months) and 850.0+£169.13 days
(about 28 months) respectively.

For the Italian buffalo data refer more to the age at first calving rather than the age at puberty.
Ferrara (1964) reported an age at first calving of 36+4.7 months; likewise Salerno (1974)
reported 27 months as the age at first conception and 39 months as the age at first calving.
According to Zicarelli et al. (1977) Italian buffalo heifers on average have first conception at 26-
35 months and first calving at 44.7 months. Later De Franciscis (1988) reported 32-33 months
as the age at first calving. Borghese et al.(1994a), on the basis of progesterone levels and rectal
examination of uterus and ovaries, stated that Italian buffalo heifers on average showed the
first high value of progesterone at 575.4+84.5 days (about 19.1 months) and 359.1+51.8 kg of
body weight, while they showed ovarian cyclic activity at 623.1+81.2 days (about 20.7 months)
and 390.1+£50.9 kg. Age and weight at puberty such as ovarian cyclic activity were affected by
different farm conditions especially by feeding levels that improved growth and sexual
maturity.

The delay in puberty and the consequent delay in conception is one of the problems that lead to
the low reproductive efficiency of the buffalo species, thus lengthening the non-productive life.

Many factors influence age at puberty, such as breed, season, climate, nutrition and growth
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rate, and several experiments have been carried out at our institute aimed at advancing the age
at first calving (Borghese et al., 1993a, 1994a, 1994b, 1996; Terzano et al., 1996; Borghese et
al., 1997; Terzano et al.,1997). The pre- weaning and weaning systems are important in
promoting growth and achieving puberty, therefore attention must be given to heifer
management needs beginning from birth to ensure a correct weight increase. In fact, the
animals that showed a higher daily gain before the trials reached puberty in a shorter time.
The age at puberty is affected by the dietary energy level. The heifers fed with a high level diet
(56.56 MFU/d) had a daily gain of 562 g vs 465 g of the heifers fed with a low level diet
(4.42 MFU/d), and reached puberty 30 days earlier. However, it is possible to rear heifers on
pasture obtaining the same performance of those reared with intensive feeding on condition
that the daily gain is nearly 600 g/day. Heifers on pasture realized their reproductive
performances with less energy consumption, the best feed efficiency and the lowest cost in
terms of feeding stuff and management. Campanile et al. (2001), in a study on the effects of
long-term and short-term nutritional management on growth and conception in buffalo heifers,
concluded that nutritional management and growth from the time of weaning and during the
pre-pubertal period has a considerable influence on age and body weight at first conception in
buffalo heifers. In fact heifers bred with a good early management system conceived at a
younger age compared with the others (543+16 and 844+11 days respectively). They also
observed that the negative effects of early nutritional deficiency on reproductive function are
not surmounted by a relatively short-term period of dietary supplementation.

Simulating the hormonal changes occurring around puberty may induce sexual maturity in
heifers. Trials to induce and synchronize oestrus in buffalo heifers have been undertaken,
although to a lesser extent than in cattle (Saini et al., 1988; Honnapagol and Patil, 1991,
Andurkar and Kadu, 1995; Zicarelli et al., 1997a). Saini et al. (1988), using PRID
(progesterone-releasing intravaginal device) plus PMSG (Pregnant Mare Serum
Gonadotrophin) to induce oestrus in non-cycling buffalo heifers, reported that all animals in the
treated group expressed oestrus while none expressed oestrus in the control group. Those
authors reported that more intense oestrus symptoms and a better conception rate were
obtained when PMSG was used with PRID, as PRID treatment alone failed to induce a fertile
oestrus. Andurkar and Kadu (1995), using a progesterone intravaginal pessary (CIDR) with
prostaglandin F2a and PMSG, induced oestrus in non-cycling buffalo (either cows or heifers)
and found better fertility with a long-term (12 days) than a short-term (8 days) treatment.

Our work has also shown that the use of PRID together with PMSG treatment is able to induce
fertile oestrus in non-cycling heifers (Barile et al., 2001a; Pacelli et al., 2001). This has an
economic impact on buffalo production as a greater proportion of heifers can be bred early. In
fact, the PRID treatment increased (P<0.01) the proportion of heifers that became cyclic within
60 days from the start of the trial (Table 2). Moreover, treated animals had a higher conception
rate (CR) compared with controls (65,0 vs 28,2 percent, Barile et al., 2001a;
66.6 vs 33.3 percent, Pacelli et al., 2001). A marked difference in conception rate (CR) was

Table 2. Rate of heifers becoming cyclic within 60 day after PRID + PMSG treatment.

Trial 1: PRID + 1000 IU <PMSG.
Trial 2: PRID + 1000 1U PMSG (Group A), PRID + 750 IU PMSG (Group B)

Trial Treated (%) Control (%)
1 Farm TM 70.0a 11.1b
Farm IM 71.4a 18.6b
Group A 66.6a
2 Group B 73.3a 33.3

a,b P<0.01 within row
TM: Tormancina; IM: lemma
Trial 1 (Barile et al. 2001a); Trial 2 (Pacelli et al. 2001)
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Table 3. Conception rate (CR; March-June) in treated (PRID+PMSG) and control heifers in
relation to their cyclicity before the treatment in two farms (TM and IM).

Treated Control
Farm Cyclicity ] ]
No. of animals | CR No. (%) | No. of animals CR No. (%)
cycling 10 8 (80.0) 10 6 (60.0)
™ non-cycling 10 5 (50.0)a 9 0 (0.0)b
cycling 2 2 (100.0) 2 1 (50.0)
IM non-cycling 18 11 (61.1)a 18 4 (22.2)b

a,b P<0.01 within row.

TM: Tormancina; IM: lemma

(Barile et al., 2001a).

Table 4. Conception rate (CR; March - August) in treated (Group A: PRID + 1000 IU PMSG;
Group B: PRID + 750 IU PMSG) and control heifers (Group C)

Groups Cyclicity No. of animals CR No. (%)
A Non cycling 15 (66.6)A
B Non cycling 15 10 (66.6)A
C Non cycling 15 5 (33.3)B
A,B P<0.05

(Pacelli et al., 2001)

found between treated and control heifers that were non cycling at the beginning of the trial
(Tables 3 and 4). In relation to the dose of PMSG utilized, no difference was found either in the
number of animals becoming cyclic or in the CR using 1 000 1U vs 750 IU of PMSG (Pacelli et
al., 2001), although Khan et al. (1995) using 1 400 IU vs 700 IU of PMSG showed that the low
dose of PMSG was better than the high dose for oestrus induction and subsequent CR in
non-cycling buffalo heifers.

Using the PRID regime, it is possible to synchronize oestrus in cycling heifers, overcoming the
problem of oestrus detection and increasing the effectiveness of Al programmes in buffalo
heifers. The CR to Al obtained in our work, utilizing either cycling or non-cycling animals,

Table 5. Conception rate (CR) in buffalo heifers at artificial insemination
as reported by various authors

Reference Treatment CR (%)
Honnappagol and Patil (1991) PGFo 12.5-62.5
Zicarelli et al. (1997a) PRID or norgestomet + PMSG 20.20
. PGF2a 55.00
Neglia et al. (2001) PGF2a + GNRH 44.40
Spontaneous oestrus:
. 6-12h 16.67
Kumaresan and Ansari (2001) 12-18h 28 99
18-24h 33.33
Barile et al. (2001a) PRID + PMSG 37.50
Pacelli et al. (2001) PRID + PMSG 36.50
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(37.5 percent, Barile et al., 2001a; 36.7 percent, Pacelli et al., 2001) was a good result relative
to the small amount of data reported in literature (Table 5). Honnappagol and Patil (1991),
using an analogue of prostaglandin F2a to synchronize oestrus in cycling Surti buffalo heifers,
had a CR to Al ranging from 12.5 to 62.5 percent. Zicarelli et al. (1997a), using PRID in Italian
cycling buffalo heifers, reported a CR to Al of only 20.2 percent; the same group of researchers,
using prostaglandin or prostaglandin +GnRH had a CR of 55.0 percent and 44.4 percent
respectively (Neglia et al., 2001). Indian authors (Kumaresan and Ansari, 2001), utilizing Al on
spontaneous oestrus, reported a CR ranging from 16.67 to 33.33 percent in relation to the stage
of oestrus; the highest CR was obtained when the heifers were inseminated at 18 - 24 hours
after oestrus.

Seasonality

Although buffaloes are polyoestrus, their reproductive efficiency shows wide variation
throughout the year. As reported by different authors (Shah et al., 1989; Singh and Lal, 1994,
Zicarelli, 1997; Srivastava and Sahni, 1999), buffalo cows exhibit a distinct seasonal change in
displaying oestrus, conception rate and calving rate. This may be the cause of the prolonged
intercalving period since buffalo calving during the unfavourable season may not resume their
ovarian activity until the following favourable season, decreasing their reproductive efficiency.

In a study undertaken over five years on Indian Murrah buffaloes, the maximum percentage of
heats were observed in November and the minimum in June; the conception rates ranged from
41.85 percent to 44.85 percent during August to November, with the highest rate in September,
and from 29.45 percent to 32.92 percent during the months of February to April, with the
lowest rate in April (Reddy et al.,1999). Data collected on Surti buffaloes reared in Rajasthan
confirm a distinct seasonality in breeding behaviour. The monthly and seasonal calving pattern
recorded at the research station and in the field indicated that buffaloes calved all the year
round but have a tendency to calve more during the rainy season (July to September) followed
by the winter season (October to January). The breeding season started in the rainy period and
the winter appeared the most favourable season while the summer appeared the most
unfavourable season for buffalo reproduction (Sule et al., 2001). Also for buffaloes bred in
Pakistan, Shah (1988) reported that the breeding frequency was highest during the winter,
decreased in autumn and spring, and was lowest in the summer. According to Shah et al.
(1989), it may be possible that during the summer season, farmers are unable to fulfil the
fodder requirements of buffalo because of less fodder availability at this period. High
environmental stress together with under-nutrition might therefore be responsible for the long
periods of seasonal anoestrus in buffaloes. Similar effects of these factors on oestrus activity in
Australian Swamp buffaloes were described by McCool et al. (1987). These authors find in an
area subject to a monsoon rainfall pattern, the highest number of cyclic buffaloes during the
late wet and early dry seasons (wet season being December to March; dry season being April to
November). During the late dry season (August to November) fodder availability is low,
ambient temperatures are highest and body condition deteriorates, therefore the authors
hypothesized that the combined effects of these factors could be the cause of depressed oestrus
activity in this season. In fact, few buffalo cows conceived in this period, as reported previously
by Tulloch and Grassia (1981). Similarly, Vale et al. (1990) in a study on buffalo reproduction
in the Amazon Basin, were of the opinion that the seasonality in buffalo could be due more to
management factors and unavailability of green fodder rather than to the inability of the
species to reproduce throughout the year. However, in Italy, where buffaloes are fed with a
constant balanced diet in place of free grazing, a distinct seasonal reproductive pattern is also
found (Zicarelli, 1992). With regard to this aspect, Zicarelli (1997), in his review on buffalo
seasonality, emphasizes how the need of a species, mainly in wildlife, to coincide calving and
weaning with favourable environmental conditions represents one of the causes of reproductive
seasonality; therefore the tendency of buffalo to seasonality depends upon the environmental
characteristics of their place of origin which are the subtropical zones of North of the equator,
which condition the forage availability and thus the state of animal nutrition throughout the
year.
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Therefore, the reproductive seasonality in the buffalo does not seem to depend on diet, food
availability or metabolic status, while climate and particularly photoperiod, depending on
melatonin secretion, play a pivotal role (Parmeggiani et al.,1993; Borghese et al.,1995; Di Palo
et al., 1997; Zicarelli, 1997). Melatonin is a hormone secreted by the pineal gland during the
night and represents the endocrinal signal of the light-dark rhythm in the environment. The
role of melatonin in the regulation of the circadian and annual rhythm is well known in the
control of ovarian cyclicity in seasonal species such as sheep, goats and mares, while few
investigations have been made to clarify the role of this hormone in buffalo reproduction.
Parmeggiani et al. (1993, 1994) investigated whether melatonin could act as a transductional
signal of photoperiod in buffalo. The investigations were carried out on Mediterranean buffalo
cows reared in Italy. In this country, calving occurs mainly between July and December with
the highest calving frequency in August-September; the intercalving interval is longer for
deliveries occurring between February and June, indicating a decrease in the conception rate
during the spring - summer seasons (De Franciscis, 1988; Borghese et al., 1993b) (Figures 1
and 2).
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Figure 1. Trend of calving frequency in buffalo in Italy.
(data from Borghese et al., 1993b)
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Figure 2. Trend of conception frequency in buffalo in Italy.
(data from Borghese et al., 1993b)
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The proportion of buffaloes exhibiting oestrus during the period of short day length is
significantly higher than during the period of long day length, indicating that decreasing
daylight is a strong determinant of the resumption of ovarian activity. In fact Parmeggiani et
al. (1993,1994), in a study of buffaloes reared in farms with a clear seasonal reproductive trend,
found high levels of melatonin during the night and the persistence of these levels was clearly
related to the photoperiod: they were the highest in December (35.22+2.07 pg/ml) and decreased
progressively from March-April (35.0£2.07 pg/ml) to June (23.13+2.30 pg/ml). These secretory
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Figure 3. Circadian trend of melatonin in buffalo cows in different seasons.
On the left, farms A-B-D characterized by a higher trend of seasonal reproduction activity;
on the right, farm C characterized by a lower trend of seasonal reproduction activity.
(Parmeggiani et al., 1994)
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Figure 4. Circadian trend of melatonin in buffalo heifers and cows at equinoxes and solstices.
(Borghese et al., 1995)

patterns were not observed in all the animals; in a farm where parturition frequency tended to
be more uniformly distributed around the year, melatonin concentration was persistently high
during the day (30-40 pg/ml), with a lack of evident melatonin increase during the night.
According to the authors, the absence of strong seasonality in this particular farm was probably
due to an extensive selection carried out with the aim of eliminating any seasonal breeder.
However nutrition does not seem to be the cause of this difference since in all the farms a fairly
similar diet was used. Borghese et al. (1995), also report, in a study carried out on buffalo
heifers and cows in ltaly, that the melatonin trend shows remarkable differences between
seasons (Figure 4). In June at the summer solstice, the lowest values and less persistence of
melatonin peak were found because of the shortest night, while the highest values were noted
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at the equinoxes, particularly in September, the month corresponding to the start of
hypothalamus-pituitary-ovarian axis activity.

The heifers showed significantly higher values during the day than in cows and in September
also during the night, probably because they were close to the onset of puberty.

Therefore these data suggest a relationship between photosensitivity and the seasonal
reproductive trend in this species.

The strong influence of photoperiod seems to be further demonstrated by the findings that the
period of higher reproductive efficiency is reversed in the two opposite hemispheres (Zicarelli,
1997). In Brazilian buffaloes, Pires et al. (2002), in a study lasting 13 years, report that most
of the births (86.73 percent) occurred during the first six months of the year, with 57.93 percent
during February, March and April and only 0.65 percent during October and November. The
reproductive period, moreover, is longer near the equator where the light/dark ratio is constant
throughout the year. Da Silva and Grodzki (1991) have reported 95.4 percent of calving between
December and May in the Parana State (Southern Brazil) that is characterized by a reverse
light/dark ratio compared to the Northern hemisphere, and a calving concentration between
April and September in the Para State (Northern Brazil) characterized by a constant length of
the light/dark ratio during the year. In the zones near the equator, the satisfaction of
nutritional requirements seems to prevail over light stimulus as a factor influencing
reproductive activity.

In Italy, the reproductive seasonality of the species implies economic implications, since the
milk production is totally utilized to produce fresh white "mozzarella" cheese. The demand for
"mozzarella" cheese is mainly concentrated in the spring / summer period, while the higher
milk production is during the autumn/winter months due to calving seasonality. In Italy under
natural conditions, 70 to 80 percent of calving occurs in the last six months of the year (July to
December) involving a higher production of milk in the period between the end of August and
the middle of February, when the milk is not in great demand. In order to meet the market
demands many ltalian breeders (at present over 60 percent), over the last 20 years have
managed to modify the natural calving calendar by keeping females without males from
October to February, the period during which conception is undesired (out of breeding season
mating) (Figures 5 and 6). The use of this reproductive strategy is spreading among lItalian
buffalo breeders also due to the higher price paid for buffalo milk produced during the spring
and summer than that produced during the autumn and winter. This strategy is also attracting
interest in other countries in order to cope with the need to guarantee a constant milk
production for the market.
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Figure 5. Calving frequency in pluriparous buffalo cows. Farms D-J-S utilized "out of
breeding season mating"; in farm TM mating occurred during the natural breeding season
period. (Zicarelli et al., 1994)

]|

L

3 1t ol

3 i 5§ G ) d d 10 it

= = #s & T

idonth

Figure 6. Calving frequency in primiparous buffalo cows. Farms D-J-S utilized "out of
breeding season mating"; in farm TM mating occurred during the natural breeding season
period.

(Zicarelli et al., 1994)
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Anoestrus and Oestrus Induction

The long intercalving period is one of the major problems in buffalo breeding. The interval from
calving to resumption of ovarian function is longer in buffalo when compared with cattle.
Post-partum ovarian activity resumption, and subsequent conception, may be affected by
several factors such as breed, nutrition plan, milk yield, suckling, uterine involution, season of
calving (Ahmad et al.,1981; Jainudeen et al., 1983; McCool et al., 1987; Usmani et al., 1990;
Borghese et al., 1993b; Qureshi et al., 1999b; Arya and Madan, 2001; Baruselli et al., 2001;
Campo et al., 2002).

A large variability is reported in the literature for the intercalving period depending on the
region where buffalo are raised and the calving season (Table 6). In India, Gill and Ruki (1985)
referred to an intercalving period of 459 to 478 days for buffaloes calving from February to June
and 369 to 391 days for those calving from July to January. In Pakistan, Ahmad et al. (1981)
reported an average calving interval of 531.5 days with highly significant differences in length
of calving interval due to the season of calving: 569.1 and 570.6 days in spring and winter vs
506.6 and 515.7 days in summer and autumn respectively. In Italy, Maymone and Pilla (1960)
referred to an average intercalving interval of 447.5 days for the buffaloes kept mostly in
stables and 411.7 days for those kept in semi-range conditions; they found that the intercalving
period was shorter during the months in which parturitions were more numerous
(August, September and October).

In Brazil, Pires et al. (2002) report that the mean interpartum interval was of
453.1+ 127.26 days. In Cuba, Campo et al. (2002) have found an intercalving period of
384.0+£2.3 days in buffaloes calved in the rainy season (June to September) and 361.0+2.5 days
in those calved in the dry season (November to February). In Egypt, Barkawi et al. (1998)
report an intercalving interval of 363.5£16.0 and 400.3+14.3 days in the cool season (November
through April) and an interval of 387.0£15.3 and 441.5+14.3 days in the hot season (May
through October), depending on different frequency in oestrus detection checking; thus
buffaloes calving in the cool season had better reproductive performance than those calving in
the hot season.

Body condition score (BCS) plays an important role in the reproductive performance of
post-partum buffalo cows. Baruselli et al. (2001), in South-eastern Brazil, report that first
post-partum oestrus was influenced by BCS at calving; cows with high BCS had an earlier first
post-partum oestrus and a shorter service period than cows with lower BCS.

Suckling significantly increases the interval from parturition to first oestrus in buffalo.
Jainudeen et al. (1983) found that in Malaysian Swamp buffaloes that suckled their calves the
interval from parturition to first ovulation was 96+22 days in 32 percent of buffaloes, while over
68 percent were in anoestrus within 150 days post-partum. An earlier resumption of ovarian
activity in milked rather than suckled buffaloes was found by El-Fouly et al. (1976). These
authors report that only 38 percent of suckled buffaloes restored ovarian activity within
90 days from parturition in concurrence with the data of Janudeen et al.(1983). The extension
of anoestrus period due to calf suckling is also reported by Usmani et al.(1990). They found a
post-partum oestrus cyclicity resumption delayed by three to four weeks due to the practice of
let buffaloes be suckled by their calves, before each milking, to stimulate milk let down. Arya
and Madan (2001) also found a longer interval from parturition to first observed oestrus and a
longer service period in suckled than weaned buffaloes (71.67+11.13 and 98.00+£17.53 vs
44.17+8.58 and 70.331£9.56 days respectively). Therefore, suckling regulates the resumption of
post-partum ovarian activity, but there is evidence to indicate that the season of calving may
be more important than suckling.

The sensitivity of the species to the photoperiod, together with environmental factors, plays an
important role in the regularity of oestrous cycle. Buffaloes calving in the autumn show shorter
postpartum anoestrus than those calving in the spring and summer, since their ovarian activity
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Table 6. Post-partum reproductive features in the buffalo cow as reported by various authors

Author Country |Calving interval| Anoestrus length | Service period

Maymone and Pilla
(1960)

Ahmad et al.
(1981)

Italy 411.7 - 447.5d

Pakistan 506.6 - 570.6 d

Gill and Ruki

(1985) India 369 - 478 d

McCool et al.

(1987) Australia 58 m

Borghese et al. ltal 25.2 d autumn
(1993b) y 58.2 d summer

Barkawi et al. Egypt | 400.3-441.5d

(1998)
55.9 d breeding
Qureshi et al. . season
(1999a) Pakistan 91.1d low
breeding season
Qureshi et al. Pakistan 48.4 d autumn 67.2 d autumn
(1999hb) 185.9 d summer 220.5 d summer
Naqgvi .
(2000) Pakistan 237.5d
Arya and Madan India 71.6 d suckled 98.0 d suckled
(2001) 44.1 d weaned 70.3 d weaned
Pires et al. .
(2002) Brazil 453.1d
Campo et al. 39.0 d dry season
(2002) Cuba 361.0-384.0d 58.3 d rainy season

d: days; m: months

resumption corresponds to the beginning of the short day-length period.

In the Australian Swamp buffalo cow, McCool et al.(1987), found a mean post partum anoestrus
interval of 5.8+3.3 months with a variation depending on the season of calving: buffaloes
calving in the late dry season (August to November) exhibited a longer interval than those
calving earlier. Moreover, heavier cows had a shorter post-partum anoestrus. The late dry
season is characterized by high temperatures and low fodder availability that lead to a
deterioration in the buffalo's body condition and thus could be, according to the authors, the
cause of delayed ovarian activity resumption. Qureshi et al. (1999a), in the Nili-ravi buffalo
raised in Pakistan, found a shorter postpartum anoestrus interval in buffaloes calved during
the normal breeding season (August to January) than those calved during the low breeding one
(February to July) (55.95+4.90 vs 91.15+11.61 days). In another work, the same authors
(Qureshi et al., 1999b) confirm the influence of season on the post-partum anoestrus length
(185.95 days in summer vs 48.42 days in autumn) and on the service period (220.53 days in
summer and 67.29 in autumn); the number of services per conception was also higher in the
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summer with respect to that recorded in the winter. Likewise, Naqvi (2000) in a study in
Pakistan, registered a service period of 237.57+4.5 days with a trend of reduction in the length
of service period with an increase of parity (287.54+6.89 days in the 1st parity vs
107.95%£19.72 days in the 8th parity); a shorter service period was recorded in buffaloes calving
in the spring and winter compared with those calving in the summer and autumn. Campo et al.
(2002) investigated the seasonal effect on uterine involution and post-partum ovarian activity
in buffaloes raised in Cuba. These authors found no significant differences in the uterine
involution between buffaloes calved in the rainy season (June to September) and those calved
in the dry season (November to February), but seasonal influence was found in the resumption
of ovarian activity: the first formation of corpus luteum after calving was found at
58.3%£3.4 days in the rainy season and at 39.0+£2.3 days in the dry one. In the Italian buffaloes,
Borghese et al. (1993b) reported a post-partum anoestrus of 49.5+38.8 days in the primiparous
and 51.3+26.0 days in the pluriparous. The early resumption of ovarian activity occurred
mainly in October - November in the decreasing photoperiod. In fact, the buffaloes calved in the
autumn showed a shorter post-partum anoestrus (19.9+10.9 days in primiparous and
25.2+12.7 days in pluriparous) than those calved in summer (50.8+24.3 days in primiparous and
58.2+24.3 in pluriparous). Sometimes the anoestrus is prolonged due to sudden climatic
variation such as a fall in temperature, exposure to cold wind, heavy rain associated with low
temperature or hot weather without any possibility of bathing or sheltering from the sun
(Zicarelli, 1997).

In Italy another reason for prolonged anoestrus is the practice of "out of breeding season
mating"”. In this case, buffaloes which calve in the first months of the year and do not become
pregnant within 70 days from calving, will prolong anoestrus until the beginning of the short
day-length period (autumn) (Zicarelli, 1997). The need to employ the strategy of "out of
breeding season mating” with the aim of conciliating the production with the higher milk
market demand in the spring / summer period, is in contrast with the condition of the greatest
fertility of the herd that corresponds to the autumn season, period in which females are
separated from males.

To increase fertility in the low breeding season and reduce the post-partum anoestrus and
subsequent intercalving period, different hormonal treatments are utilized.

Prostaglandins have been used to induce oestrus in buffalo, but they work if a corpus luteum is
present and therefore they can be useful in suboestrus animals, having a synchronizing more
than an inducing effect (Dhalival et al., 1988; Sahasrabudhe and Pandit, 1997; Awasthi et al.,
1998; Chohan, 1998; Kharche and Srivastava, 2001). The use of gonadorelin (GnRH), given by
multiple injections or in microencapsulated form, did not appear efficacious and moreover their
administration times are not of practical use (Minoia et al., 1984; Chantaraprateep et al.,1988;
Shah et al., 1990; Fateh Mohammed et al., 1999; Takkar et al., 1999). More useful and
efficacious have been the treatments using progesterone associated with gonadotrophin or
gonadorelin (Zicarelli and Boiti, 1982; Rao and Sreemannarayana, 1983; Singh et al., 1983,
1984, 1988; Borghese et al., 1993c; Uma Shanker et al., 1999; Hattab and Osman, 2000).

Trials to remove anoestrus have been carried out on the Italian buffalo (Borghese et al., 1993c;
Zicarelli et al., 1994). Buffalo cows found non-cycling at 150 days from calving, were submitted
to the following treatments in the January-May period: a) subcutaneous implants of
Norgestomet (synthetic Progesterone) + PMSG; b) Buserelin (GnRH-analogue) released by
subcutaneous osmotic pump; c) Progesterone + Buserelin i.m. Buffaloes which began cycling
were 81.3 percent, with no differences between treatments, while none of the control animals
were found cycling in the same period (Table 7) (Borghese et al., 1993c). At the end of the
breeding period, the fertility for all the treated animals was 73.8 percent vs 54 percent for the
controls; nevertheless hormonal treatment was inefficacious on farms where buffaloes had
serious infertility problems, and less efficient when utilized in the winter / spring period in
respect to the summer period which is nearest to the reproductive season. In treated buffaloes
the calving conception interval was reduced to about 40 days on average and the number of
culled animals, because of infertility, was lower (18.1 percent vs 31.2 percent respectively in
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treated and controls) (Zicarelli et al.,1994). Therefore these hormonal treatments have been
able to reduce the intercalving interval and to increase the fertility of the herd out of the
breeding season.

Better results have been obtained using a progesterone - releasing intravaginal device (PRID)
associated with PMSG and prostaglandin. In a group of buffaloes on the experimental farm of
our Institute which did not get pregnant in the autumn, PRID was used during the following
spring and summer seasons in order to ascertain whether the treatment would improve the
pregnancy rate in the low breeding season (Barile et al., 1996a; 1997).

Table 7. Rate of buffaloes becoming cyclic after different hormonal treatments
(Borghese et al., 1993c)

Treatments No. of animals N?\InO.C()g/(;)Iic l\(llg.c(lj/:)
a) Norgestomet 14 2 (14.2) 12 (85.8)
b) Buserelin 17 5 (29.4) 12 (70.6)
¢) Progesterone 33 5 (15.2) 28 (84.8)
Treated (a+b+c) 64 12 (18.7) 52 (81.3)
Control 52 52 (100) 0

The conception rate after PRID treatment (Table 8) was 21 percent at the induced oestrus while
the total conception rate (up to the third oestrus) was 56.5 percent. This result is very
satisfactory if compared to the conception rate ranging from 12.2 percent to 44.4 percent
obtained on the same farm and during the same period (June-August) in the previous years
without ocestrus induction (Figure 7).

A significant difference was found between the lactating group and the non-lactating one
(Table 8). The very low conception rate obtained for non-lactating buffaloes at first oestrus
(4 percent) was probably due to the fact that they were animals which had fertility problems,
as they had not become pregnant during the whole previous lactation period. For these
buffaloes however PRID was helpful in improving cyclic activity so that a 50 percent conception
rate was finally achieved.

Table 8. Conception rate in buffalo cows after PRID treatment

Group N_o. of Conception rate
animals
1st oestrus | Following oestrus Total
No. (%) (2nd+3rd) No. (%) No. (%)
Lactating buffaloes
(Al at first oestrus + natural 23 8 (34.8) a 8 (34.8) 16 (69.6)
mating at subsequent oestrus)
Lactating buffaloes
(natural mating) 17 4 (23.5) a 4 (23.5) 8 (47.1)
Non-lactating buffaloes
(natural mating) 22 1(4.0)b 10 (45.5) 11 (50.0)
Total 62 13 (21.0) 22 (35.5) 35 (56.5)

a,b P<0.001
(Barile et al., 1997)
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Similar results using PRID during the spring season were obtained by Zicarelli and Boiti
(1982). They reported a conception rate of 50 percent for the cycling animals and 33 percent for
the non cycling animals after the treatment.
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Oestrous Cycle

An accurate knowledge of the regulatory mechanisms associated with the oestrous cycle is
necessary to increase the reproductive efficiency of the buffalo. Current knowledge of the basic
pattern of changes in the hormone profile during the oestrous cycle and the basic pattern of
follicle development, are important to develop models for improving reproductive efficiency,
particularly when controlled breeding techniques using synchronization and superovulation
protocols are utilized.

Up-to-date studies on the oestrous cycle, oestrous behaviour and the endocrinology of the
oestrous cycle in the buffalo, have been recently reviewed by Beg and Totey (1999),
Singh et al. (2000) and Malfatti (2003). Considerable variations in the reproductive traits of the
different breeds have been observed. The average length of the oestrous cycle has been reported
to be 21 days in the riverine type. Several factors such as climate, temperature, photoperiod,
nutrition, have been shown to affect the length of oestrous cycle and the degree of heat
expression. Oestrous 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
indication of oestrus in the buffalo. Salient signs of oestrus in River buffalo are reported to be
frequent urination, bellowing, vulva swelling, mucous discharge, but they cannot be considered
reliable indicators of oestrus because of their weak expression. The average duration of oestrus
is 20 hours and appears to be slightly longer in the River buffalo than in the Swamp buffalo.
Durations ranging from a short period of 9 hours to a long period of 56 hours have been
reported.

In the Italian buffalo cow, a wide variability in the length of oestrous behaviour has been
verified, depending on the month in which it was recorded and also according to some climatic

factors (Campanile et al., 1988; Zicarelli et al.,1988). In relation to oestrous cycle length,
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Zicarelli (1992) distinguishes these categories: short (<12 hours), medium (13-24 hours), long
(24-48 hours) and very long (>48 hours) oestrus. In the short and medium oestrus the ovulation
occurs after the end of oestrus (6-72 hours and 24-60 hours from oestrus beginning
respectively). Depending on the ovulation time, the short oestrus often continues as silent
oestrus. On the contrary, in the long and very long oestrus, ovulation can occur before the end
of oestrous behaviour. Sometimes in these cases a second ovulation can be recorded after the
end of oestrus and pregnancy occurs in the uterine horn on the same side as the last ovulation.

To better understand the endocrine factors involved in the control of ovarian activity in the
buffalo, a research was elaborated to evaluate the secretory patterns of gonadotrophin
(Luteinizing hormone (LH) and follicle stimulating hormone (FSH)), prolactin, ovarian steroids
(progesterone and oestradiol-173), and PGFM (a prostaglandin metabolite) through the
oestrous cycle. The trials were carried out on buffalo cows of our Institute, in different seasons,
and the results have been reported by Seren et al. (1994). Only 37.5 percent of the animals
showed signs of heat. Oestrous behaviour lasted on average 32.7 hours, with a large individual
variation (from 5 to 57 hours) as previously reported by Zicarelli (1992). In 16.6 percent of
buffaloes showing oestrus, symptoms were present during the luteal phase and therefore
recorded as false heats. The remaining 62.5 percent of buffaloes had a normal endocrine
activity without external signs of oestrus (silent heat); the only sign in these animals was the
mucous discharge. Regarding the interval between the beginning of oestrous behaviour and
ovulation time, which is important for the application of artificial insemination, the value was
54.6 hours. Double ovulations were recorded in 33.3 percent of buffaloes; in this case the mean
intervals between the beginning of oestrous behaviour and ovulation time was 40.4 hours for
the first and 112 hours for the second ovulation. The perioestrous endocrine changes observed
did not show clear difference between the seasons and are entirely similar to those recorded in
cows (Figure 8). The progesterone concentration dropped two to four days before oestrus and
ovulation. At the same time peak levels of PGFM were recorded; high pulses of PGFM were
then found until luteolysis was completed. After the progesterone drop, oestradiol progressively
increased triggering FSH and LH ovulatory peak. The mean interval between the LH peak and
the ovulation time was 35.5 hours. Sometimes a second peak of LH occurred that preceded the
following ovulation by 47.7 hours. No correlations were found between hormonal profile and
oestrous behaviour in buffaloes with silent oestrus, anovulatory heat or double ovulations
(Zicarelli et al.,1993).

In a recent study on buffalo oestrous behaviour in the presence of a teaser bull (Moioli et al.,
1998), the average duration of interest shown by the bull towards a buffalo cow (from the very
first to the last sign of interest) was 68 hours. Within this period, the phase of continuous
courtship was longer and lasted on average 32 hours; this phase was considered the best
variable to refer to for visual assessment of oestrus, because it is easy to detect even if the herd
is observed only three or four times a day. In this study the interval between the LH peak and
ovulation was found to be on average 25 hours for those animals which became pregnant after
artificial insemination and 46 hours for those which did not become pregnant. It has been
hypothesized that in this case an insufficient LH peak and a delayed luteinization are
contributing causes to unsuccessful inseminations.

These studies indicate that the oestrus length and the ovulation time in the Italian buffalo
manifest a wide variability with respect to buffalo raised in tropical conditions. Ovulation
cannot be predicted from oestrous behaviour signs such as bellowing, frequent urination and
mucous discharge, because they are not often displayed or when they are present they are very
variable in relation to ovulation time and sometimes do not coincide with oestrus. For these
reasons the application of artificial insemination is limited in the buffalo, taking into account
the fact that a high conception rate depends mainly on insemination at a correct time relative
to ovulation.
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Oestrus Control in order to apply Artificial Insemination

The presence of a teaser bull is helpful to identify buffaloes on heat (Figure 9); in this case the
standing oestrus is the most reliable sign referable to a next ovulation, although a wide
variability has been observed in the interval between the start of standing oestrus and LH peak
(from 124 hours before the LH peak to 6 hours after the peak) (Barile et al., 1996b). The end of
bull courtship and the end of bull acceptance by the female are reliable signs that indicate the
end of heat and the occurrence of ovulation. Utilizing a teaser bull and inseminating the
animals after the end of heat, Baruselli (1996) had a conception rate ranging from
40.44 percent to 60.68 percent depending on farms. Zicarelli et al. (1997b) have studied the
effects of the presence or absence of a vasectomised buffalo bull on the reproductive efficiency
of buffalo cows undergoing artificial insemination. They reported that exposure to a
vasectomised bull increases the pregnancy rate in buffaloes inseminated at spontaneous
(42.5 vs 18.9 percent) or induced oestrus (51.1 vs 33.3 percent). In the absence of the bull,
pregnancy rate at Al was higher in cows inseminated at induced oestrus than at spontaneous
oestrus (33.3 vs 18.9 percent). Similar results were found from our group in buffaloes
inseminated at spontaneous oestrus in the presence of a vasectomised bull: pregnant cow rate
was 56 percent in total and 40 percent at first oestrus (Moioli et al., 1998).

New approaches are being developed to provide automated systems of detection of oestrus using
electronic technology in cattle such as pedometry and pressure sensing radiotelemetric
HeatWatch® system (Nebel et al., 2000). Recently, studies on the efficiency of pedometers in
buffalo oestrus detection have been carried out in Italy by Di Palo et al. (1999, 2001). They
report that the pedometer has been found to be very useful for Al when visual observation of
oestrus can be carried out only for a short time, providing a greater number of alerts for
spontaneous oestrus to be inseminated; the conception rate at Al was 40 percent. A study on
oestrous detection using radiotelemetry 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. The use of a vaginal electrical resistance (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 percent with 26 and 40 ohms respectively).

The use of management schemes that do not require the identification of oestrus, contribute to
the increase in the use of Al in buffalo herds, mainly because it is easy to perform. In order to
apply a fixed time Al, thereby surmounting the problem of oestrus detection, different
hormonal treatment schedules have been proposed (Tables 9 and 10). Various authors have
recorded the use of PGF2a or one of its analogues in oestrus control in buffalo, often using an
11 day interval between two consecutive doses. The endocrine change after PGF2a induced
luteolysis appears similar to that occurring at natural oestrus (Kamonpatana et al., 1979).
Chohan et al., (1993) reported a fertility rate at Al of 22.8 percent in the low breeding season
and 53.3 percent in the peak breeding season, in buffaloes synchronized with PGF2a,
concluding that the use of PGF2a to synchronize oestrus should be undertaken in animals
having a functional corpus luteum and preferably during the peak breeding season.
Nevertheless, Sahasrabudhe and Pandit (1997) reported that a high percentage of suboestrus
buffaloes expressed oestrus after PGF2a treatment during the hot season. The detection of
oestrus after prostaglandin treatment, however, had posed problems because external signs of
oestrus were found by some workers to be less apparent than at spontaneous oestrus.
Baruselli (2001) detected a greater variation in the duration of oestrous manifestation after the
administration of prostaglandin; moreover he found that the phase in which prostaglandin was
administered interfered with the interval from administration and the beginning of oestrous
manifestation and ovulation. Therefore protocols using fixed time insemination and only
prostaglandin treatment have not produced good results. In order to decrease the variation in
the ovulation time after prostaglandin treatment, the use of GhRH has been associated with
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Figure 9. Use of teaser bull for oestrus detection: phase of courtship (a and b); standing
oestrus (c). (Moioli photo, 1994)
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that of prostaglandin. Some trials have demonstrated that oestrus synchronization and in
particular ovulation synchronization can be obtained using GnRH + prostaglandin after seven
days + GnRH after 36 to 48 hours (Ovsynch protocol). This second administration of GnRH
improves the efficiency of fixed time insemination because it synchronizes the ovulation in a
short period of time. Baruselli et al. (1999) using this protocol had a CR of 48.8 percent in
buffaloes inseminated during the breeding season (autumn / winter) and 6.9 percent in those
inseminated during the non-breeding season. Neglia et al. (2001) utilizing a synchronization
treatment with prostaglandin have reported a CR of 43.4 percent; by adding an injection of
GnRH to this treatment, at the time of the first insemination, they found a similar CR

(45.8 percent).

Table 9. Hormonal treatments to control oestrus in order to apply Al in buffaloes.
Use of PGFa and GnRH

Reference Treatment Period Conception rate
Chohan et al. PGE20 Peak breed_ing season 53.3
(1993) Low breeding season 22.8
ey " |enmmecrzenrn | Bredne e [ 0
Neglia et al. PGF2a Low breeding season 43.4
(2001) PGF2a +GnRH 45.8
Baruselli et al. (2002) GnNRH+PGF20+GnRH | Non-breeding season 28.2
de Araujo et al. (2002) GQE:JE(;ZZFO;J;%TEH Breeding season 222
Neglia et al. (2003) GnNnRH+PGF20+GnRH | Low breeding season 36.0
Barile et al. (2004) GnNRH+PGF2a+GnRH | Low breeding season 42.5

Table 10. Hormonal treatments to control oestrus in order to apply Al in buffaloes.
Use of progesterone intravaginal device.

Reference Treatment Period Conception rate
Rao and Rao PRID Peak breeding season 40.7
(1983) Rest of the year 25.3
Sing et al. PRID Summer 8-28
(1988) PRID+PMSG 50.0
Barile et al. PRID Low breeding season 17.5
(2001c) PRID+500 IU PMSG 9 26.0
Barile et al. (2001b) PRID+1000 IU PMSG Low breeding season 56.7
Baruselli et al. (2002) CIDR+eCG+hCG Low breeding season 53.5
Neglia et al. (2003) PRID+1000 IU PMSG Low breeding season 28.2
Barile et al. PRID+ 1000 IU PMSG Low breeding season 64.5
(2003) PRID+1000 IU PMSG+GnRH 9 45.2
Bar('z'g;;)a"’ PRID+1000 I1U PMSG Low breeding season 47.8

Other authors using the Ovsynch protocol reported a CR at Al ranging from 56.5 percent
(de Araujo Berber et al., 2002), if used during the breeding season, to 36.0 percent
(Neglia et al., 2003), and 42.5 percent (Barile et al., 2004) if used in the period of transition to
seasonal anoestrus.

97



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. Baruselli (2001) used progesterone
intravaginal pessary (CIDR-B) or progestagen ear implant (CRESTAR) along with estradiol to
study the follicular dynamic during the retaining of implants in order to evaluate the
appropriate moment for fixed time insemination in buffalo cows. The author found that the
CRESTAR protocol was not efficient in synchronizing oestrus and ovulation, while animals
treated with CIDR-B protocol ovulated, although the percentage of ovulated animals
(66.6 percent) and synchronization of ovulation (varying from 32 to 96 hours) was not
particularly efficient.

The synchronization protocols, however, are efficient if buffaloes are cyclic and therefore these
protocols can be used during the breeding season (autumn). In the spring season there is a
higher variability between the beginning of oestrus and the ovulation time and it is more
difficult to establish the correct time for Al.

Our previous work showed that the use of a progesterone pessary (PRID) improves pregnhancy
rate in the low breeding season and, moreover, is able to induce synchronization so that
insemination can be effected at fixed times, overcoming the problem of the difficult oestrus
detection (Barile et al., 1996a, 1997). The protocol foresees the use of a progesterone releasing
intravaginal device (PRID), containing 1.55 g natural progesterone and a gelatine capsule with
10 mg oestradiol benzoate, kept in place for ten days. On the seventh day after PRID insertion,
an injection of 1000 IU PMSG and one of 0.15 mg cloprostenol, a prostaglandin F2a analogue,
are given. At PRID removal buffaloes are artificially inseminated at fixed times from
withdrawal. In the first trial, in order to deal with ovulation time variability animals were
inseminated three times: at 48, 72 and 96 hours from withdrawal and, in addition the same
synchronization treatment schedule was used in the peak breeding season (autumn) and the
low breeding one (spring), to evaluate if there was any difference in the conception rate at Al
(Barile et al., 1999). The fertility rate did not differ between the two seasons considered. In
fact, in autumn and in spring, respectively the peak and the low breeding seasons for Italian
buffalo, the CR was 46.2 percent and 44.3 percent. Rao and Rao (1983) investigating the PRID
treatment both during the peak and the low breeding season found that fertility was much
higher during October to January (peak breeding season) than during the rest of the year
(40.7 percent vs 25.3 percent). Singh et al. (1988) found that the use of gonadotrophin in
addition to the PRID treatment ensures a good ovulatory response in the low breeding season.
In fact, during the summer months, they observed a pregnancy rate of 50 percent in Indian
buffaloes synchronized with PRID + PMSG, which was higher than that observed in their
previous work using treatment with PRID alone (8 percent to 28 percent; Singh et al., 1983;
1984). We also found that the use of PMSG increases the fertility that is related to the doses
utilized; in fact CR was 26 percent in buffaloes in which PRID + 500 IU PMSG were used and
17.5 percent in buffaloes in which PRID was used without gonadotrophin (Barile et al. 2001c).
In our treatment schedule the addition of PGF2a to PRID + PMSG was useful to avoid any
presence of a functional corpus luteum at the device removal which could delay the
synchronization as reported in cattle by Mialot et al. (1996) and in buffaloes by Subramanian
and Devarajan (1991).

Therefore PRID associated with PMSG and prostaglandin can be successfully employed in the
low breeding season to increase the effectiveness of Al programmes in improving the fertility
rate. The lack of difference in the CR between autumn and spring allows the use of Al for
application in breeding schemes during the low breeding season, thus resolving the need of
Italian farmers to have conceptions between March and September in order to satisfy the
higher market demand for buffalo milk in the summer.

To better define the proper time for Al following the PRID synchronization treatment we have
evaluated the time of LH peak after pessary removal (Barile et al., 1998; Borghese et al., 1999).

In buffaloes synchronized in spring (Barile et al., 1998) the interval from PRID removal to LH
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peak was 54.7+12.3 hours ranging from 40 to 76 hours. Considering ovulation as the time at
which a ruptured follicle was palpated, the interval from PRID removal to ovulation was
84+13.1 hours whilst the one from LH peak to ovulation was 31.0£8.9 hours, similar to the one
found in previous work (Seren et al.,1994) in non treated buffaloes which was 36 hours on
average. Evaluating the time of LH peak in oestrus synchronized buffaloes in two different
seasons (Borghese et al.,1999), it was found that the interval from PRID removal to LH peak
was 46.87+21.53 hours in November and 61.00£12.05 hours in March. The ovulation (checked
daily by rectal palpation) occurred within 72 hours from PRID removal in November and within
96 hours in March. On the basis of these results it has been suggested that 72 and 96 hours
after PRID removal are more appropriate times for Al in synchronized buffalo cows in the low
breeding season while 48 and 72 hours could be better in the autumn. In fact, utilizing
PRID+1000 IU PMSG and two Al schedules at 72 and 96 hours during the spring season we
have obtained a CR ranging from 47.8 to 64.5 percent in different years (Barile et al, 2001b,
2003, 2004). These are good results considering that animals are treated in a period in which
their reproductive efficiency is lower and that the treatment increases the fertility so that
buffaloes that do not conceive at Al will become pregnant later during the natural breeding
period.

In order to decrease the variation in ovulation time and increase the effectiveness of fixed time
Al, GnRH was used in association with PRID treatment, but the conception rate did not
improve with respect to that found using the PRID protocol alone (45.2 percent and
64.5 percent with PRID+GnRH or PRID respectively) (Barile et al., 2003). Satisfactory results
(53.5 percent of CR) during the non-breeding season have been obtained by Baruselli et al.
(2002) using a progesterone intravaginal device (CIDR) associated with eCG and hCG (equine
and human Chorionic Gonadotrophin), since the animals received only one insemination
(62 hours from CIDR withdrawal). Recently, we have compared the efficiency of PRID and
Ovsynch protocols for the application of fixed time Al in buffalo cows in the Spring. The two
different hormonal schedules utilized showed the same efficiency in obtaining oestrus
synchronization and a good conception rate at Al, in the Spring. Although the fertility rate did
not differ significantly between the PRID and Ovsynch protocols (47.8 percent and 42.5 percent
respectively), a higher conception rate was found in buffaloes synchronized with PRID
compared with Ovsynch, as PRID treatment was efficient in removing the anoestrus status in
non-cycling animals (Barile et al., 2004). This conclusion is supported by the work of Baruselli
et al. (1999) that using an Ovsynch protocol resulted in a CR of 48.8 percent in buffaloes
inseminated during the breeding season (autumn-winter) and 6.9 percent in those inseminated
during the non-breeding season. In fact, the same researchers, comparing CIDR+eCG+hCG
treatment to GnRH+PGF2a+GnRH (Ovsynch protocol) in the non-breeding season, resulted in
a higher CR at Al in animals treated with CIDR (53.5 percent vs 28.2 percent) (Baruselli et al.,
2002).

Conclusion

Improvement of reproductive efficiency in the buffalo can be obtained by directing attention to
management systems and utilizing controlled breeding techniques.

The application of oestrus induction techniques permits the possibility of inducing fertile
oestrus in non cycling heifers, in order to increase fertility in the low breeding season and
reduce the intercalving period. Different treatments are utilized to induce oestrus, such as
prostaglandin, gonadorelin, progestagen, however improved results have been obtained using
PRID plus PMSG and prostaglandin. To identify buffaloes in heat, in order to apply Al, the
presence of a teaser bull can be helpful. New approaches are being developed to provide
automated systems of detection of oestrus using electronic technology such as pedometry and
radiotelemetry. To apply a fixed time Al, thereby overcoming the problem of oestrus detection,
different hormonal treatment schedules have been proposed. Protocols using fixed time
insemination and only prostaglandin treatment have not provided good results. The use of
GnRH, in association with that of prostaglandin, improves the efficiency of fixed time
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insemination because it synchronizes the ovulation in a short period of time but this treatment
is efficient when buffaloes are cyclic. The use of PRID associated with PMSG and prostaglandin
can be successfully employed in the low breeding season thereby proving to be the preferred
treatment when oestrus synchronization and Al are programmed out of the breeding season.
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Chapter V

FOLLICULAR DYNAMICS AND REPRODUCTIVE
TECHNOLOGIES IN BUFFALO

Giuseppina Maria Terzano

Istituto Sperimentale per la Zootecnia
(Animal Production Research Institute)
Via Salaria 31, 00016 Monterotondo (Rome), Italy

The general characteristics of reproduction like seasonality, cyclicity and ovulation differ
widely in mammals for the following reasons:

a) reproductive activity may take place during the whole year or at defined seasons, according
to the species and their adaptation to environmental conditions; thus, photoperiod plays a
determinant role in seasonal breeders such as rodents, carnivores and ruminants (sheep, goats,
buffaloes, deer, etc.,). An extreme situation is observed in foxes with only one ovulation per
year, occurring in January or February;

b) mammals may be distinguished according to the absence or presence of spontaneous
ovulations: in the first group of mammals ( rabbits, hares, cats, mink, camels, Llama), the
ovulation is induced by mating and cyclicity is not obvious; in the second group, ovulation
occurs spontaneously in each cycle, separating the follicular phase from the luteal phase;

c) the length of cycles is quite different among species: small rodents have short cycles of four
or five days, farm animals and primates have longer cycles (sheep: 17 days; cow, goat, buffalo,
horse and pig: 21 days; primates: 28 days), and dogs are characterized by long cycles of six to
seven months, including a two month luteal phase (Concannon, 1993);

d) ovulation rates differ widely among species and breeds within a given species: in sheep for
example, Merinos d'Arles or lle-de-France breeds have only one ovulation per cycle, whereas
average rates of two to four ovulations per cycle are observed in prolific breeds like Romanov
or Finn (Land et al., 1973). An extreme situation is observed in some insectivores such as
Elephantulus, with ovulation rates as high as 120 (Dryden, 1969).

Despite these differences, it is now established that common mechanisms regulate the ovarian
function (Monniaux et al., 1997).

1. Oogenesis and the beginning of follicular growth

Oogenesis begins in the early life of the females and results in the constitution of a pool of
primordial follicles. At the time of sexual differentiation, the foetal female gonad is constituted
of oogonia and somatic cells from the mesonephros. Oogonia develop from primordial germ cells
that have migrated into the ovary early in embryogenesis. Schematically, oogenesis involves
three phases: a prolific phase (the oogonia divide actively), a meiotic phase (primary oocytes are
formed), and an intense germ cells degeneration phase. The oocytes that survive to
degeneration are arrested at the diplotene stage of the first meiotic division and are surrounded
by a single layer of granulosa cells, constituting structures called primordial follicles. The three
phases of oogenesis clearly overlap, but important differences of chronology are observed among
the species studied. The meiotic phase occurs during the prenatal life in most mammals: in the
rabbit oocytes formation begins two days after birth, in the pig oocytes formation also begins
early during foetal life but oogenesis is completed only during the first weeks after birth, in
sheep and cattle the oogonia and oocytes are formed during the first half of foetal life and in
water buffaloes the formation of primordial follicles is finished completely before birth (at
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127.84 + 11.55 days, when crown-rump length (CRL) is = 22.84 + 4.74 cm), whereas in woman
the oogenesis finishes at birth (Figure 1).
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Figure 1. Gametogenesis in female mammals from fetal life to active sexual life

At the end of oogenesis, the ovary encloses millions of primordial follicles within a framework
of interstitial tissue and is lined with ovarian epithelium erroneously called germinal
epithelium: as oogonia completely disappear, the oocytes formed during the foetal and neonatal
period are the only source of oocytes available during the entire sexual life. As soon as the
primordial follicle reserve is constituted, it rapidly decreases by atresia and from the end of the
period of oogenesis, some primordial follicles continuously begin growth, but up to puberty all
disappear owing to atresia: for example a cow foetus that has 2 700 000 oocytes at day 110 of
gestation has only 70 000 oocytes at birth; with continual follicular growth and maturation
throughout her life, an old cow may have only 2 500 potential ova. In the human foetal ovaries
the number of germ cells decreases from 7 000 000 to 1 000 000 between six months of gestation
and birth.

It is now established that a number of oocytes, probably only one percent of the total, reach
maturity and is released through ovulation.

Follicles are in a constant state of growth and maturation. A histological section of the cortex
of a reproductively active female reveal these maturation stages. The primary follicle stage is
followed by a proliferation of granulosa cells surrounding the potential ovum giving rise to a
secondary follicle. Later in the development, an antrum will form by fluid collecting between
the granulosa cells and separating them. At this stage the follicle is classified as a tertiary
follicle, also called a Graafian follicle.

The ovary performs two major functions: a) the cyclic production of fertilizable ova and b) the
production of a balanced ratio of steroid hormones that maintain the development of the genital
tract, facilitate the migration of the early embryo and secure its successful implantation and
development in the uterus. The follicle is the ovarian compartment that enables the ovary to
fulfill its dual function of gametogenesis and steroidogenesis.

Macroscopically the features of the buffalo ovary (Figure 2) differ widely from those of cattle;
the ovary of the buffalo was earlier described as roundish in shape, about 2.5 cm long and
weighing 3.9 g (Lutkuke and Rao, 1962) whereas the latter is oval in shape, about 3.7 cm long
and weighing 8.6 g (Sisson, 1953).
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Physiologically, the buffalo ovary shows scarce reproductive potentiality because it contains
less follicles (primary and antral) than those found in cattle and it seems that buffalo oocytes
rapidly undergo atresic degeneration. The corpus luteum of the buffalo is deeply embedded in
the ovary and is greyish in colour while in cattle it often juts out on the surface of the ovary
and is yellowish. The size varies among buffaloes and active ovaries are larger than inactive
ones.

Figure 2. Buffalo ovary

2. Advanced technology applied in buffalo

In buffalo important advances in artificial breeding and in the control of reproduction have
been made over the past few years. The earliest development in reproduction technology was
the use of artificial insemination (Al) which, through the widespread dissemination of genes
carried by high quality males, has been considered, up until now, the most effective method for
breeding.

Progress has also been made, but with less impact, with the development of oestrus
synchronization, superovulation and the transfer of embryos derived "in vivo". 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.

The recent application of ultrasonographic techniques in the study of buffalo follicles is
elucidating the patterns of follicular growth, development and regression that can lead to the
improvement of fertility in the female buffalo.

3. Follicular dynamics in buffalo

More recently, the development of ultrasonic probes used intrarectally to observe females'
ovaries has clearly confirmed that ovarian follicular development during the oestrus cycle
occurs in a wave-like pattern in cattle, thus providing the bases for improving fertility,
synchronizing oestrus with more precision and enhancing superovulatory responses.

A good understanding of the processes involved in the growth and differentiation of vesicular
follicles destined for ovulation is also essential in order to optimize buffalo reproduction.
Diagnostic ultrasonography for the assessment of ovarian structures is a reliable and accurate
method for identifying and measuring follicles, especially important since manual palpation
through the rectum in buffalo is not completely accurate.

The studies and advancements that have led to our current understanding regarding patterns
of follicular development, are listed below in chronological order:

1960 The two-waves concept for follicular growth during the bovine oestrus cycle was
propounded. (Rajakoski,1960).

1972 and 1981 The lifespan and fate of individual follicles during the oestrus cycle of heifers
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was directly examined. (Dufour et al., 1972; Matton et al., 1981).

1982-1983 Growth and differentiation of estrogen-active and estrogen-inactive follicles during
the oestrus cycle were distinguished. (Ireland and Roche, 1982, 1983a,b).

1984 Ultrasound to monitor sizes of follicles during the oestrus cycle of heifers was used.
(Pierson and Ginther, 1984).

1987 The concept of dominant follicles, as observed in primates, is applied to cattle and the
three-wave hypothesis for development of dominant follicles during the oestrus cycle was
proposed. (Ireland and Roche,1987).

1988 Ultrasound analysis and ovarian maps to track growth and atresia of individual follicles
throughout the oestrus cycle of heifers were used. (Fortune et al., 1988, Savio et al.,
1988, Sirois and Fortune, 1988).

1990-present The autocrine and paracrine role of intrafollicular factors in the regulation of
follicular growth, differentiation and function is studied (Ireland et al., 2000).

1992 The radioimmunoassay (RIA) method for determining the transient peak in basal serum
concentrations of FSH before each follicular wave was used. (Adams et al., 1992).

1993 The decreased episodic pattern of secretion of LH associated with termination of a
follicular wave was studied. (Savio et al., 1993, Stock et al., 1993).

3a. Follicular population

In buffaloes, the follicular system has not been studied as much as in cattle. Singh et al. (1984)
delineated the pattern of development and atresia of large follicles (8 mm) on the surface of the
ovaries of buffalo heifers. In 65 percent of the postpubertal heifers they found larger follicles at
mid-cycle than one to three days before oestrus concluding that these findings complied with
the theory of Rajakoski (1960): the follicles at mid cycle become atretic and a new growth wave
of follicles begins about mid-cycle and gives rise to the follicle ovulating after oestrus. The
buffalo species is characterized by a reduced follicle reservoir compared to that of cattle: the
number of primordial follicles has been reported to be approximately 12 000 - 19 000 in riverine
buffalo heifers (Samad and Nasseri, 1979).

Furthermore, through ovarian histological evaluations, Danell (1987), studying the follicular
system of cycling and non-cycling Surti buffalo heifers, reported 12 636 primordial follicles in
cyclic buffalo heifers, (less than the 150 000 primordial follicles reported in cattle, Erickson,
1966) and 10 132 primordial follicles in the non-cycling animals, with a range of 1 222 - 40 327
in an ovary pair. He observed more atresia in buffalo follicles (66.7 percent) than in bovine
follicles (50 percent) and detected the same pattern of follicular dynamics in buffalo as observed
by Rajakoski (1960) in cattle. Le Van Ty et al., (1989) in a study of swamp buffalo reported a
number of antral follicles equal to only 20 percent of those observed in cattle under similar
conditions (47.5 vs 233.0) and the observed number of non atretic follicles ( > 1.7 mm) was
between one and five (average 2.9) for buffalo and 17 and 32 (average 22.1) for cattle.

The total number of surface follicles per ovary in abattoir buffalo ovaries at random stages of
reproduction has been reported to range from 5.14 ( 2.5, 1.2, 0.82 and 0.62 follicles of 0-4, 5-8,
9-12 and > 12 mm diameter, respectively); Kumar et al., (1997) to 6.06 (5.30, 0.54 and
0.17 follicles of 0.4, 5-8 and 8 mm diameter, respectively); Madan et al., (1996).

In swamp buffaloes, Smith (1990) reported the number of ovarian follicles of various sizes
including also those atretic at different age groups (Table 1).
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Table 1. Number

of primordial, growing, secondary, tertiary and atretic follicles

in buffaloes at various ages (mean % sd).

Follicle class Age groups
2 years 7-8 years 12-14 years
Primordial 47.189 + 39.23 5.996 + 2.52 3.673 £ 1.97
Growing 4,233 £ 3.5 18.0 £ 13.95 17.0 £ 17.91
Secondary 324 + 3.23 14.0 £ 11.4 8.0t 8.7
Tertiary 62.7 + 37.78 9.0 £ 6.98 6.67 £+ 5.7
Atretic 126.5+ 22.5 139 + 50.2 138 + 37.2

The ovaries obtained from two-year old Swamp buffaloes showed a relatively high rate of
transformation from the primordial developing to tertiary follicles; in seven to eight year old
and 12 to 14 year old buffaloes this transformation was not noticeable.

The number of secondary follicles in the pubertal buffaloes was low, indicating a slower
transitional rate of the growing follicles to secondary follicular stage (7.65 percent); a decline
in the number of follicles, from growing (4.233 vs 18.0 vs 17.0) to tertiary stage (62.7 vs 9.0 vs
6.67) was observed with age. The rate at which the primordial follicles are stimulated to
develop to pre-antral and, subsequently, to antral stage is, in part, dependent upon the size of
the pool of primordial follicles (Krarup et al., 1969). A nearly ten-fold lower population of
primordial follicles could be, in part, the major factor contributing to the lower number of
antral follicles in buffalo compared with that in cattle. The transformation of primordial
follicles through the growing stage to the tertiary stage appears to be very inefficient: this can
also be seen in the high level of atretic follicles that in buffalo is higher than that reported in
cattle (Settergren, 1964). In fact, in the earliest report on follicular atresia in buffalo,
Danell (1987) and Ocampo et al., (1994) found a high level of follicles to be atretic (66.0 percent
and 82.0 percent, respectively). Molar ratios of progesterone (P4) and oestradiol (E2) have been
used to clarify cattle ovarian follicles into atretic and non atretic categories (Grimes et al.,
1987). In recent studies, (Palta et al., 1998a, 1998b) classified buffalo ovarian follicles into
oestrogen active (E2/P4 molar ratios > 100) and oestrogen inactive/atretic (E2/P4 molar ratios
< 100) and observed 92 to 95 percent of follicles to be atretic in abattoir ovaries at random
stages of reproduction. The percentage of atretic follicles was lower in large (74 percent)
compared with medium (97 percent) and small (92 percent) follicles. In cattle, Danell (1987),
using histological evaluation, reported a value of 50 percent; Grimes et al., (1987), using P4/E2
molar ratios, reported a value of 70 percent and Blondin et al., (1996), using flowcytometry in
ovaries of cycling cattle reported a value of 16 to 38 percent.

The small number of follicles and the higher level of follicular atresia may explain in part the
reported lower superovulatory response and embryo production in buffaloes compared to cattle
(Table 2).

Table 2. Follicular and embryo-production efficiency in buffalo and cattle (Zicarelli, 1998).

Buffalo Cow
Primordial follicles (n) 20 000 100 000

Antral follicles (n) 47 233
Non atretic follicles (n) 39 207
Recovered oocytes (n) 10.6 14.7
Oocytes used for IVEP (%) 58 96
Cleavage rate (%) 30 86
Blastocysts/oocytes (%) 6.3 29.4
Blastocysts/head (n) 0.39 4.20
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3b. Follicular dynamics

The use of ultrasound technology in animal reproduction has played an important role in the
collection of data regarding ovarian follicular dynamics and related hormonal profiles in
domestic animals (Fortune et al., 1991; Ginther et al., 1996; Pierson and Ginther, 1987) as well
as other species (Figueiredo et al., 1997; Radcliffe et al., 2001) and has demonstrated that the
follicular turnover during the oestrus cycle occurs in waves, each wave being characterized by
the synchronous development of a group of follicles (Baruselli et al., 1997). Ovarian follicular
growth in buffaloes is similar to that observed in cattle and is characterized by waves of
follicular recruitment, growth and regression (Baruselli,1997; Baruselli et al., 1997); the same
authors have shown that buffaloes typically show two follicular waves (63.3 percent) and three
follicular waves (33.3 percent) during an oestrus cycle, with the first wave beginning around
day 0 (day of ovulation). Cattle also commonly have three follicular waves
(Sirois and Fortune, 1988; Savio et al., 1988) and two follicular waves (Ginther et al., 1989a, b)
(Fig.1). Unlike cattle (Rhodes et al., 1995, Savio et al., 1988, Sirois and Fortune, 1988) buffalo
do not display four wave cycles.

In each wave of follicular growth, one dominant follicle develops and suppresses the other
follicles. Dominant follicles grow and reach maximum diameter in the middle of the oestrus
cycle: when there are high levels of progesterone, there is no ovulation; regression starts
allowing a new wave growth to occur. The dominant follicle that develops during the last wave
of follicular growth in each oestrus cycle is the ovulatory follicle (Figure 3).

Based on ultrasound analysis, most animals have one (First wave) or two waves (First wave,
Second wave) of follicular development during the luteal phase and a single wave of follicular
development (Ovulatory wave) during the follicular phase. Cohort refers to a group of similar
sized nearly synchronously growing follicles. Emergence marks the beginning of a wave and is
the first day a 4 - 5 mm follicle is the largest in a new wave. The beginning of selection cannot
be determined by ultrasonography, however, the end of selection occurs simultaneously with
the onset of dominance. Deviation is when growth rates between the dominant and largest
subordinate follicle begin to differ. Dominance occurs when the largest follicle in a wave is 1 to
2 mm larger than the next largest follicle and growth of all subordinate follicles ceases.
Subordinate follicles are all nondominant follicles in a wave. Loss of dominance marks the end
of a wave and is detected at emergence of the next wave. The growing phase for a follicle begins
on the day of the oestrus cycle of its emergence and ends the day in which the diameter of the
follicle ceases to increase. The static phase is from the day the follicle diameter ceases to
increase (end of growing phase) until the day follicle diameter decreases minus one day. The
regressing phase is the last day of the static phase until the follicle is no longer detectable,
which is usually when it reaches four to five mm in diameter.
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Figure 3. Description of the physiological terms associated with each wave of follicular
dynamics during the oestrus cycle of animals. (Ireland J.J. et al., 2000).
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3c. Follicular dynamics during an oestrus cycle

The dynamics of follicular turnover, including the length of the interovulatory interval
(Knopf et al., 1989; Savio et al., 1990), emergence of waves, number of follicle 3 mm at
emergence of waves (Knopf et al., 1989), persistence and maximum diameter of the dominant
anovulatory and/or dominant ovulatory follicles (Table 3 ) (Fortune et al., 1988; Ginther et al.,
1989a,b; Bo et al., 1995), have been expressed showing the similarity between buffalo and
cattle.

In an earlier study Baruselli et al., (1997) described the follicular dynamics of an oestrus cycle
in buffalo (Table 3).

Table 3. Characteristics of follicular turnover during an oestrus cycle in buffaloes having two
or three-wave patterns (Baruselli et al.,1997).

N° waves
2 3
Percent of Buffaloes 66.33 33.33
Length of interovulatory intervals (d) 22.27+0.89 24.50+1.88
Emergence of first wave (d) 1.16+0.50 1.10+0.32
Emergence of second wave (d) 10.83+1.09 9.30+1.25
Emergence of third wave (d) 16.80+1.22
N° of follicles 3 mm at emergence of wave
First wave 7.72+4.64 7.50+£2.75
Second wave 6.66+3.12 6.50+£2.36
Third wave 5.11+1.37
Persistence of first dominant follicle (d) 20.67+1.18 17.9+3.47
Maximum diameter (cm) 1.51+0.24 1.33+£0.18
Persistence of second dominant follicle (d) 13.30+£2.96
Maximum diameter (cm) 1.11+0.21
Persistence of ovulatory follicle (d) 11.44+0.92 7.70+1.91
Maximum diameter (cm) 1.55+0.16 1.34%0.13
Growth rate of ovulatory follicle (mm/d) 0.131+0.01 0.172+0.02
Length of oestrus cycle (d) 21.84+1.01 24.00+2.24
Length of luteal phase (d) 10.40+2.11 12.66+2.91

In the above studies the growth and static phases of the dominant anovulatory follicles and the
growth phase of the ovulatory follicle were also described (Table 4). Specifically, the beginning
of a wave (also called emergence) is defined as the first day of the oestrus cycle when a growing
follicle four to five mm in diameter in a new wave is detected by ultrasound. According to this
definition, in an oestrus cycle with two waves, the first wave begins at approximately day one
(day 0 = day of ovulation) and the second wave begins at approximately day 11, both in buffalo
and cattle; for the first and second waves, the maximum size of each dominant follicle is 15 mm,
reached on days 9 and 22 of the oestrus cycle. In a cycle with three waves, the waves emerge,
on average, at days 1, 9 and 16 both in buffalo and in cattle (Baruselli et al., 1997; Manik et
al., 1998a,b; Savio et al., 1988; Sirois and Fortune 1988; Ginther et al., 1989; Fortune et al.,
1991). There were no differences between second- and third-wave cycles with regard to the day
of emergence of the first wave; the second wave appeared earlier in the oestrus cycle with three
waves than with two waves.

Two- and three-wave cycles were significantly different with regard to: the persistence of the
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first dominant follicle (20.7 d vs 17.9 d), the length of the growing phase (7.39 d vs 5.50 d) and
the static phase (6.88 d vs 5.30 d), the last day of the growing phase (8.55 d vs 6.60 d), the
beginning of the regressing phase (15.4 d vs 11.9 d), the maximum diameter of both the first
dominant follicle (1.51 cm vs 1.33 cm) and the ovulatory follicle (1.55 cm vs 1.34 cm); no
difference was found with regard to the length of the regressing phases (6.40 vs 7.10). Two- and
three-wave cycles were also significantly different with regard to the maximum diameter of
both the first dominant follicles (1.51 cm vs 1.33 cm) and the ovulatory follicle (1.55 cm vs
1.34 cm). Terzano et al., (2001) also reported the diameter of ovulatory follicles ranging
between 1.32 cm and 1.50 cm.

However, in two-wave cycles, no differences were observed between the maximum diameters of
first dominant follicle and ovulatory follicle (1.51 cm vs 1.55 cm) and in three-wave cycles, the
maximum diameter of the first dominant follicle was significantly larger than that of the
second dominant follicle (1.33 cm vs 1.11 cm).

No correlation was observed between the diameter of ovulatory follicle (beginning of oestrus
cycle), first dominant follicle (diestrus) and second ovulatory follicle (end of cycle).

Two- and three-wave cycles were significantly different with regard to the average length of
intervals to oestrus and ovulation and the average length of luteal phase. The mean
progesterone level during the luteal phase was lower in two-wave than in three-wave cycles.
Similar follicular waves can also be observed in prepubertal buffalo heifers (Baruselli et al.,
1997a; Presicce et al., 2003).

Table 4. Characteristics of dominant follicles (DF) for each wave during two-and three-wave
cycles in buffalo (Baruselli et al., 1997)

N° waves
2 3
First dominant anovulatory follicle
Growing phase
Beginning day 1.16+0.50 1.10+0.32
End day 8.55+2.33 6.60+1.42
length (d) 7.39+1.55 5.50+1.22
growth rate (cm/d) 0.172+0.01 0.187+0.02
Static phase
maximum diameter (cm) 1.51+0.24 1.33+£0.18
beginning day 15.43+2.33 11.90+1.68
end day 21.83+1.20 19.00+3.12
length (d) 6.40+0.85 7.10+0.92
growth rate (cm/d) 0.148+0.02 0.113+0.02
Second dominant anovulatory follicle
Growing phase
Beginning day 9.30+1.25
End day 14.50+£2.01
length (d) 5.20+0.61
growth rate (cm/d) 0.174+0.02
Static phase
maximum diameter (cm) 1.11+0.21
beginning day 18.21+1.43
end day 22.60+3.06
length (d) 4.39+0.89
growth rate (cm/d) 0.136+0.02
Ovulatory follicle
Growing phase
Beginning day 10.83+1.09 16.80+1.22
End day 22.27+0.89 24.50+2.01
length (d) 11.44+0.91 7.70+£0.55
growth rate (cm/d) 0.131+0.01 0.172+0.02
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In all buffaloes studied, there was little variation between the numbers of follicles for the
different waves. This finding agrees with the high repeatability observed in the number of
follicles per wave in cattle (Boni et al.,1993) and suggests that the number of follicles recruited
depends on the individual animal. No information was available on the heredity of this
characteristic. However, the selection of animals based on the number of follicles per wave is
encouraging because of the positive correlation found between the number of small follicles at
the beginning of superovulatory treatment and superovulatory response (Romero et al., 1991).

To summarize, follicular dynamics in buffalo is similar to that observed in cattle; there may be
marked individual variation in follicular dynamics among buffaloes, with as few as one to as
many as three waves of follicular growth occurring within an oestrus cycle: the two waves
pattern appears to be the most common; the number of follicular growth waves during an
oestrus cycle is linked to the length of luteal phase and of the oestrus cycle.

The elucidation of patterns of follicular development in the buffalo ovary could provide new
experimental models for studying the regulation of follicular development and dominance, and
could generate information that could help to explain variability in response to oestrus
synchronization and superovulatory protocols. Moreover it could also provide new ideas for
future improvement of fertility in female buffalo.

3d. Endocrine basis of the wave pattern

Ovarian follicular dynamics in the buffalo species have been studied by several authors
although these studies include little information on the hormonal aspects related to wave
emergence and follicle development. However, because there are striking similarities between
cattle and buffalo in terms of follicular dynamics, the basic endocrine mechanism leading to the
occurrence of the wave pattern, could, presumably, be similar in the two species. It is now
established also in buffalo that a transient rise in serum concentrations of FSH begins each
follicular wave (Presicce et al., 2003), and a decreased episodic secretion of LH is associated
with loss of dominance and with the end of a nonovulatory follicular wave.

Today it is clear that several intrafollicular growth factors identified in the follicular fluid of
individual follicles, are also involved and some factors have been identified (Table 5). In vitro
studies have shown that these growth factors could have endocrine, autocrine or paracrine
actions that modify gonadotropin stimulated follicular growth and differentiation.

Table 5. Growth factors and animal reproduction

Acronym Term
EGF Epidermal growth factor
FGF Fibroblast growth factor
PDGF Plateled-derived growth factor
IGF Insulin-like growth factor (including IGF-binding protein)
TGF-B Transforming growth factor-$ (including inhibin and activin)
HGF Haematopoietic growth factor (cytokines)

Their exact role in folliculogenesis is not yet clear but increasing evidence suggests that growth
factors modulate follicle growth, acting in a paracrine or endocrine way and regulating
proliferation, differentiation and survival of follicular cells (Monniaux et al., 1997).

Changes in insulin-like growth factor-1 (IGF-1) and IGF-binding proteins during follicular
development have been reported by various authors in the rat (Zhou et al., 1991), pig
(Hammond et al., 1993), human (El-Roeiy et al., 1993), sheep (Gordon I., 1999) and cattle
(Kruip A.M., 1997). Changes in the profile of IGF binding proteins have suggested than these
proteins may be an important regulator of IGF-1 action on cell proliferation and steroidogenesis
within the ovary.
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Other authors have reported evidence of paracrine and autocrine effects of epidermal growth
factor (EGF) and fibroblast growth factor (FGF) on follicle and luteal function (Kaipia A. and
Hsueh J.A., 1997).

4. Multiple ovulation and embryo-transfer (MOET) in buffalo - Limits and
perspectives

In buffalo, multiple ovulation and embryo-transfer (MOET) technology is of relatively recent
origin. The pioneering work of Drost et al., 1983 in the USA, resulted in the birth of the first
buffalo calf through non surgical transfer. This work aroused considerable interest in
buffalo-rearing countries leading to subsequent reports on this species (Table 6).

Table 6. Review of superovulation and embryo (E) collection in buffalo (Misra, 1997)

Treat- Donor Donor Total | Total |Viable
Country| Breed super- CL E E Authors
ment flushed
ovulated (mean) [(mean)|(mean)
USA River FSH 1 1 2 1 1 Drost et al., 1983
. PMSG S (5.2) 0 0 Sharifuddin and
Malaysia| Swamp |[PMSG Jainudeen. 1984
GnRH 5 (3.2) 0 0 '
USA River FSH 26 19 18 Drost et al., 1985
. . FSH 19 35
Bulgaria| River PMSG 54 1 Vlahov et al., 1985
. |Murrah &| FSH 19 (4.3) 24 .
Bulgaria Murrahx | PMSG 19 (1.9) 11 Karaivanov, 1986
Bulgaria Murrah &| FSH 45 66 Karaivanov et al.,
g MurrahX | PMSG 26 28 1987
Bulgaria M"\‘Arerj‘ir; & EsH 34 24 4.0) | 1.2) | .7) | Drost et al., 1988
Murrah & FSH 126 123 (4.0) 146 132
Bulgaria . ’ (1.2) Alexiev et al., 1988
Medit. | PMSG 75 66 (3.4) 54 (0.7) 38
. Swamp 7 7 26 10 Chantaraprateep
Thailand| =g " |PMSG 5 5 15 6 et al., 1988
Murrah & Ocampo et al.,
Japan Swamp PMSG 4 3 9 2 0 1988
India Surti FSH 1 1 3 1 1 Misra et al., 1988
India River FSH 24 24 72 35 24 |Yadav et al., 1988b
. Murrah &| FSH
India Surti PMSG 145 165 Kurup, 1988
. FSH 12 12 57 22 Deshpande et al.,
India | Murrah | puse| 12 11 47 8 1988
India Murrah FSH 14 9 (4) 20 19 Sing et al., 1988c¢
PMSG getal.
. FSH 15 15 42 8 5
India Murrah PMSG 7 7 29 3 1 Madan et al., 1988
Pakistan | Nili-Ravi| FSH 12 7 (3.7) (0.5) Rail et al., 1988b
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Treat- Donor Donor Total | Total |Viable
Country | Breed super- CL E E Authors
ment flushed
ovulated (mean) |(mean)|(mean)
Malaysia | Swamp FSH 17 (3.6) 1 Sharifuddin and
PMSG 32 (4.3) 1 Jainudeen, 1984
Bulgaria |Murrah| PMSG 20 20 112 31 Karaivanov et
FSH 5 5 44 10 al., 1990
India |Murrah| FsSH 73 69 37 | @7 | @as | Msraetal,
1990
. Schallenberger
Italy Medit PMSG 10 6 27 16 et el.. 1990
. Singla and
India Murrah FSH 14 14 31 11 5 Madan, 1990
India |Murrah| FSH 16 16 ©.8) | @a | 31 | Msraetal,
1991
India |[Murrah| FSH 22 22 82 52 3o |Ambroseetel,
1991
L FSH 7 7 720 14 4 Cruz et al.,
Philippines|Murrah PMSG 4 4 6 0 0 1991
India Murrah FSH 115 70 249 60 33 Jain et al., 1992
PMSG 10 10 31 0 0
Vietnam | Swamp FSH 15 15 90 Uoc et el., 1992
. Nili- Ullah et al.,
Pakistan Ravi FSH 20 20 75 35 22 1992
India Murrah FSH 814 718 1452 804 NDDB, 1992
PMSG '
India Murrah FSH 217 175 353 174 NDRI, 1992
PMSG '
. FSH
India Murrah PMSG 35 29 45 28 NII, 1992
. FSH Misra et al.,
India Murrah PMSG 556 497 1302 712 1994
) FSH 41 41 (8.2) (5.1) | (3.4)
India Murrahi oo 158 154 | 6.3) | 35 | (2.2 Rao, 1994
Ital Medit | FSH 51 (5.6) | (1.8) | (1.4) Zicarelli
Y ' ' ' et al., 1994
. Wang et al.,
China Swamp FSH 6 6 46 26 22 1994
. FSH 8 (3.38)
India Murrah ESH 8 (2.25) Beg et al., 1997
. . Sarvaiya
India Surti FSH 13 29 (2.48) | (0.76) ot al.. 1097
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Superovulation associated with embryo-recovery and embryo-transfer to synchronized recipient
females is considered an effective means of increasing the contribution of high quality females
to the gene pool of the population.The succesful application of multiple ovulation and
embryo-transfer technology largely depends on superovulation for which the essential factor is
the treatment with exogenous gonadotrophins. Superovulation, in fact, requires the stimulation
of a significantly increased number of pre-ovulatory follicles by the administration of
gonadotrophins simulating the effect of FSH. In cattle superovulatory response is much higher
than in buffalo and ovulation rates of the order of 15 are frequently recorded: in general 60 to
70 percent of recovered embryos are suitable for transfer: in comparison with cattle embryo
transfer (ET), the use of this technology in the buffalo is much more limited. Worldwide MOET
technology in cattle has developed on a large scale and about 715 000 bovine transferable
embryos, yielding an average of six transferable embryos (5.5 to 7.3), are collected from close to
120 000 donors; almost 50 percent were transferred as fresh embryos and 50 percent were
transferred as frozen embryos (Table 7).

Table 7. Number of bovine in vivo-derived embryos transferred (AETE 2000)

Continents Flushes Transferable Number of transferred embryos
Embryos Fresh Frozen Total

Africa 1765 10 005 3 766 1949 5715
N.America 51 224 299 180 98 391 99 495 197 886
S.America 12 719 92 400 58 423 34 929 93 352
Asia 11 519 74 811 11 684 38 487 50 171
Europe 26 429 145 305 54 286 75 494 129 780
Oceania 15 508 92 655 29 182 14 626 43 808
Total 119 164 714 356 255 732 264 980 520 712

The procedure commonly used in buffalo for ovarian superstimulation was quite similar to that
employed in cattle; however, MOET programmes in buffalo typically resulted in the recovery of
small numbers of embryos (one to three) from donor females.

For many years the superovulatory effect of PMSG and FSH have been used to increase
ovulation rates in buffaloes and have been applied in conjunction with progestagen and/or
prostaglandin F2a treatments to regulate the oestrus cycle. Although the number of corpora
lutea was often similar in FSH- and PMSG treated buffaloes, the recovery of embryos after
flushing often favoured FSH (Table 6).

An endocrinological evaluation of superovulation by 3 000 IU of PMSG in buffaloes, attempted
by Shallenberger et al., (1990) showed that PMSG treatment rapidly induced LH surges of low
magnitude, causing unovulated follicles to become endocrinologically active; they further
suggested that high oestrogen levels during the early luteal period may activate subclinical
uterine infections, which may affect embryonic development.

Anti-serum to neutralize PMSG has resulted in a decreased number of large follicles with
variable effects on the number of transferable embryos (Manik et al., 1999).

Palta et al., (1996a) examined the effect of 2 500 IU of PMSG on peripheral inhibin levels
recording a sustained elevation in plasma inhibin which they speculated may result in the

suppression of endogenous FSH secretion.

The effect of hCG and GnRH, given at oestrus, on the ovulation rate and embryo production in
PMSG-treated buffaloes was reported by Ismail et al., (1993). They found that the embryo
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recovery percentage was higher after hCG treatment (25 percent vs 9 percent in controls) but
GnRH proved to be ineffective.

The response of Mediterranean buffaloes induced to superovulate with 2 500 IU of PMSG or
1 050 IU of human menopausal gonadotrophin (HMG) was reported by Alvarez et al., (1994).
They recorded an average of 2.3 and 3.0 corpora lutea for PMSG and HMG, respectively.
Progesterone levels in the donor animals at the start of superovulatory treatment were found
to be extremely variable and this was considered to be a factor contributing to the poor ovarian
response. The injection of a single i.m. injection of FSH in the post-scapular region has been
reported as effective as the multiple dose regimen (Kasiraj et al., 1992) or to produce a lower
superovulatory response compared to a multiple injection regimen (Misra, 1997).

Terzano et al. (2004a) evaluated the relationship of plasma inhibin A (analysed in duplicates
by a human sandwich type of immunoassay) to ovarian follicular development in prepuberal
Mediterranean lItalian buffaloes subjected to two different ovarian stimulation protocols. The
data suggested that the medium/large follicles are the most important source of hormone
production and that serum inhibin A determined during FSH treatment may provide a useful
marker in the control of ovarian hyperstimulation.

Despite these efforts, the variability in the ovulatory response and the low yield of transferable
embryos have always been the most important factor affecting the economical use of
embryo-transfer technology in this species. It was initially assumed that the low embryo
recovery rate in buffalo was related to a poor follicular response to exogenous gonadotrophins.
However, in recent studies undertaken by ultrasound evaluation, 9 to 14 ovulatory size follicles
were consistently observed in buffaloes stimulated with FSH (Baruselli et al., 1999). This was
associated, on average, with ovulation rates of 62.8 percent, a value similar to that found in
cattle (Desaulniers et al., 1995; Shaw et al., 1995; Stock et al., 1996). In the same study, the
number of ovulations presented a high correlation (0.86;P< 0.01) with the number of corpora
lutea found on the day of embryo collection, but only one to three ova/embryos were recovered
(average recovery rate/CL = 30 percent). In cattle, on the contrary, Shaw et al., (1995) reported
a recovery rate proportional to the number of ovulations. In a subsequent study, evidence was
obtained for a relatively low rate of transfer of oocytes to the oviduct in buffaloes (Baruselli et
al., 2000). It was concluded that the recovery of a low number of embryos in MOET programmes
was not necessarily a result of poor superstimulatory responses; rather, it would appear that
the failure of oocytes to enter the fallopian tubes and/or impaired transport of ova/embryos in
the reproductive tract are major contributing factors to low embryo recovery. This latter
condition has implications for direct oocytes aspiration from follicles and the linking of this
approach with in vitro fertilization. A negative correlation (r= 0.31;P<0.07) between the
number of large ( >0.8 mm) follicles present on the day of embryo collection and the number of
embryos recovered was observed: follicles not ovulating in response to the endogenous LH surge
continued to secrete large amounts of estradiol, adversely affecting the functionality of the
infundibulum and passage of ova into the oviducts. It seems that the failure of some follicles to
ovulate depends on incomplete follicular maturation and therefore on lack of sufficient LH
receptors at the time of the preovulatory surge release of LH. A GnRH agonist-LH protocol,
developed in cattle (D'Occhio et al., 1997, 1998, 1999) was used in buffaloes to verify whether
it consistently induced ovulations and increased embryo recovery. In females treated with a
GnRH agonist the endogenous pre-ovulatory surge release of LH is blocked and ovulation is
induced by injection of exogenous LH. It would appear that the GhRH agonist-LH protocol
provides full control on ovulations, including fixed-timed artificial insemination after follicular
superstimulation and a reduced number of inseminations. Zicarelli et al., (2000) failed to find
significant differences in ovarian follicular response in buffaloes treated with GnRH agonist LH
protocol and in those treated with a conventional MOET protocol. Carvalho et al., (2002)
reported the GnRH agonist LH protocol to be efficient in the control of follicular dynamics and
in the time of ovulation in superovulated buffaloes but a relatively low embryo recovery rate
remains a fundamental problem in buffaloes.
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Several authors have attributed the poor superovulatory response of buffaloes to inherent
endocrine patterns as well as to the characteristics of the follicular population and ovarian
folliculogenesis. Recent interest and research activity in ovarian function have contributed
greatly to our understanding of the ovary, particularly with respect to follicular dynamics and
its control. Based on recent findings regarding endogenous mechanisms controlling follicular
wave emergence, follicle selection and dominance, new ideas for artificial manipulation of
ovarian function are being investigated. Up to now the most important trials on follicular
dynamics were performed on bovines, using ultrasound examination of the ovaries. Attention
has been given in recent investigations on buffalo to superstimulatory responsiveness with
specific regard to the status of follicular wave development. An increase in the number of
ovulations has been reported when superstimulatory treatments were initiated in the absence
of a dominant follicle or when the dominant follicle was in a regressing or plateau phase
(Taneja et al., 1995). The concept regarding the need to mobilize the small follicles to the stage
considered to be responsive to superovulatory treatment has been the basis for trials on
hormone pretreatment prior to main superovulatory regimen. Although in cattle some reports
have shown that superovulatory response was improved by administering FSH at the start of
the donor's oestrus cycle, in buffalo some studies failed to find evidence of any useful effect of
such FSH priming (FSH on day three and four) (Joshi et al., 1992; Aggarwal et al., 1995). The
folliculogenesis studies have shown a great variation regarding the day the second wave starts,
showing the difficulty in standardizing the superovulatory schemes in the middle of the oestrus
cycle (Barros et al., 1993; Beg et al., 1997). In monitoring follicular growth by ultrasound,
authors reported a greater superstimulatory response when treatment started before (day one)
rather than after (day five) manifest selection of the dominant follicle (Adams et al., 1992,
1994; Nasser et al., 1993). In a direct comparison of the superstimulatory response of first
follicular wave versus the second one, the results revealed no differences in the number of
ovulations induced or the number of ova/embryos recovered in heifers in which
superstimulatory treatments were started on day of emergence of wave one or wave two. In
cattle, several reports have confirmed that a superovulatory response could be elicited when
begun at the time of wave emergence, near the expected time of the pre-wave FSH surge.
Superstimulation of the first follicular wave after ovulation (wave one), rather than of the
subsequent waves, was chosen because the day of ovulation (day 0) could be used as a
convenient and consistent point of reference for the emergence of wave one. However this
procedure is difficult to perform under field conditions. A way to perform this would be the
synchronization of follicular waves by hormonal or mechanical methods and to perform
superovulatory treatment at the onset of the second wave, as proposed for bovines (Bo et al.,
1995, 1996). In buffalo a low individual variation was found for the number of follicles recruited
for different waves of the same oestrus cycle. These results concur with the high repeatability
found in the engagement of follicles in each wave of follicular growth in bovines (Boni et al.,
1997b). This suggests that the number of follicles engaged depends on individual
characteristics. Although no information exists on the heredity of this characteristic, the
selection of female buffalo based on the number of follicles per wave is encouraging due to the
positive correlations found between the number of small follicles at the beginning of
superovulatory treatment and superovulatory response in cattle (Romero et al., 1991). This
selection becomes more important in buffalo, showing a smaller number of follicles
(Danell,1987; Le Van Ty et al., 1989).

In these first ventures, it is clear nowadays that the application of cattle ET technology to
buffalo has met with limited success and much remains to be done in developing procedures
specifically for this species.

5. Ovum Pick-up and in vitro embryo production
In buffalo the low efficiency of superovulation (SO) and embryo-transfer (ET) programmes had
led to an increased interest in the in vitro embryo production (IVEP) technologies for faster

propagation of superior germoplasm. One of the relatively recent breakthroughs in the
practical world of animal reproduction is the combined application of the existing in vitro
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fertilization technology and transvaginal ultrasound-guided follicular puncture (Ovum pick-up
or OPU) to improve the genetic progress of this species through the maternal lineage. Within
this framework, transvaginal oocyte recovery by puncture and aspiration of antral follicles has
become a routine procedure in most laboratories where in vitro embryo production is part of the
services offered to breeders.

Worldwide a considerable number of bovine oocytes have been collected (the number of
approximately 160 000 is an underestimate) (Table 8). Japan, in particular, leads all other
countries with around 8 000 in vitro-produced embryos. Europe, notably Italy and the
Netherlands, is also actively involved in this in vitro production and transfer of embryos.
Several hundred nuclear-transferred embryos have reportedly been transferred by Korean
teams for experimental purposes.

Table 8. The number of bovine in vitro-produced embryos transferred (AETE 2000)

Continents Transferable embryos Number of transferred embryos
collected Fresh Frozen Total
Africa 421 31 17 48
N.America 1384 (*) 2182 117 2 299
S.America 92 (*) 27 42 69
Asia 136 751 4 089 6 114 10 203
Europe 24 146 6 074 7 314 13 388
Oceania n.d 895 (*) 50 945
Total 166 794 13 298 13 654 26 952

(*) Only one country from this region has reported data

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 in vitro embryo production (IVEP), renders the OPU*IVEP
technique competitive to SO for embryo production. Furthermore, the Ovum pick-up (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. In buffalo the number of transferable embryos/donor/session is lower with OPU +
IVEP vs MOET, but it is significantly higher over longer periods of time because the MOET
programmes cannot be repeated before 100 days (Table 9).

Table 9. Embryo production efficiency in vivo (ET), in vitro (IVEP)
and by OPU+IVEP in buffalo (Zicarelli, 1998).

ET IVEP OPU+IVEP
Total embryos/session 1.8 0.4-0.8 0.17-0.37
Transfer embryos/session 1.7 0.3-0.6 0.15-0.33
Embryo production in 100 d 3.6 0.4-0.8 5.1-11.1
Transferable embryos in 100 d 3.4 0.3-0.6 4.5-9.9

The use of OPU+IVEP in the field could represent a valid approach to speed up genetic
improvement by decreasing the generation interval. It has been estimated that a selection
scheme based on this technique, applied in a closed nucleus of farms, will decrease the
generation interval from 6.28 to 3.25 years and the genetic increase will be about 30 to
25 percent compared to progeny testing (Zicarelli 2003).

OPU has been successfully applied in the buffalo species since 1994 (Boni et al.) and
subsequent studies dealing with this technique have been reported by several authors (Galli et
al., 1998; Di Palo et al., 2001) showing a low yield of good quality oocytes per ovary, compared
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to cattle (on average 2.4 vs 10.0, respectively) (Gordon, 1994; Gasparrini et al., 2000).

Boni et al., (1997b) recorded a high individual variability and a low repeatability of the
follicular recruitment; the latter probably because the number of follicles recruited varied
cyclically and follicular wave was observed. Although OPU resets the follicular population, a
cyclic pattern is still observed, perhaps because of the autocrine mechanism. Nevertheless, it
might be possible to predict the ability of animals to recruit follicles on the basis of the first
four transvaginal ultrasound-guided follicular puncture sessions, as observed in cattle. In fact,
the number of total and small follicles recruited within the first four puncture sessions were
significantly correlated with the total production (r=0.72 and 0.83, respectively). The
importance of this finding is highlighted by the correlation existing between the number of
follicles and COCs (r=0.61), Grade A and B COCs (r=0.42) and blastocyst production (r=0.24).
The possibility of undertaking a selection of the donors for OPU and embryo production
programmes may further improve genetic progress. A limitation to this technique may be the
functional exhaustion of the follicular pool (Zicarelli et al., 2003) after six months of OPU. In
this trial a productive phase (first six months characterized by high blastocyst production) and
an unproductive phase (lasting three months characterized by a low number of follicles and no
embryo production) were observed. This finding highlights the need to further investigate this
aspect and evaluate whether a resting period is required to better exploit the donor's
potentials.

5a. In vitro maturation

Most attempts at producing buffalo embryos in vitro have been based on the methods employed
in cattle (Gordon, 1994) and the majority of experimental work in this species utilized ovaries
from slaughtered animals as a source of oocytes. Research in buffalo IVF technology has been
mainly reported from the developing countries of Asia where the greatest number of buffaloes
are found (of the 152 million buffaloes in the world, 96.6 percent are found in Asia), providing
not only milk but also meat and consequently a high ovary availability from which to collect
oocytes. In Italy, on the contrary, the estimated population of buffaloes is 250 000 vs 8.5 million
cattle and the culling rate is also lower (12 percent vs 25 percent). In addition to this, buffaloes
are bred mostly for milk production and are usually slaughtered at the end of their productive
life span. Furthermore, the yield of good oocytes per ovary is low compared with cattle
(2.4 vs 10, respectively) (Kumar et al., 1997; Gordon, 1994). Although the multi step process of
IVEP has been successfully used for producing morulae/blastocyst (Madan et al., 1994a; Boni et
al., 1999; Gasparrini et al., 2000; Caracciolo di Brienza et al., 2001) and pregnancy in buffalo
(Madan et al., 1994b; Suzuki et al., 1992; Chauhan et al., 1997a) the efficiency, in terms of
transferable embryos (TE) and development to term, has been very low (Madan et al., 1996).
The IVEP technology involves several sequential steps, from the recovery of oocytes to the in
vitro maturation (IVM) of the selected oocytes, in vitro fertilization (IVF) and in vitro culture
(IVC) of zygotes up to the morula or blastocyst stage but so far many crucial questions still
remain to be satisfactorily resolved.

A deeper knowledge of buffalo oocyte/embryo physiology, metabolism and culture requirements
is necessary to optimize the efficiency of innovative reproductive strategies in this species.

The ultrastructure of buffalo oocytes during IVM is dealt with in a report by Boni et al., (1991).
An ultrastructural study was carried out to assess whether oocyte maturation was
accomplished also at a cytoplasmic level in a system that was previously shown to successfully
support nuclear maturation (Boni et al., 1992); studies with confocal microscopy have shown
that the highest proportion of MII oocytes occurs at a shorter time in buffalo compared to cattle
(19 hours vs 24 hours, respectively) (Neglia et al., 2001).

During maturation, considered an important step for further development, the oocytes undergo

a series of modifications necessary to acquire developmental competence. Therefore the
development of a suitable IVM system is critical.
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Authors are increasingly using defined rather than undefined media in evaluating the role of
various factors in maturation rate and so several complex media (TCM-199 and Ham's F-10)
(Totey et al., 1992, 1996; Ocampo et al., 1996), different sources of serum (foetal calf
serum-FCS and buffaloes oestrus serum BES) (Totey et al.,, 1993; Chauhan et al., 1998;
Samad et al., 1998) and hormones (Follicle stimulating hormone-FSH, Luteinizing hormone-LH
and 17 estradiol) (Totey et al., 1992, 1993) have been evaluated. The role of granulosa cells in
the maturation process has also been demonstrated (Bacci et al., 1991). Subsequent studies
have been performed to evaluate the role of growth factors in oocyte maturation and post-
fertilization development. In this regard the buffalo follicular fluid (BUFF), used as a
supplement of IVM media and in replacement of hormones and serum additives, has yielded
high maturation, fertilization and blastocysts rates (Chauhan et al., 1997). According to
Palta et al., (1996, 1998) the beneficial effect of BUFF during IVM is related to the presence, in
this supplement, of gonadotriphins, estradiol, progesterone and several growth factors. The
latter play an important role in oocyte maturation and post-fertilization development, acting as
a local modulator of gonadotrophin action on mammalian oocytes. IGF-1, IGF-2 and insulin
enhance oocyte maturation in buffalo oocytes, as well as fertilization and development to the
blastocyst stage (Pawshe et al., 1998), acting in synergy with FSH as autocrine and paracrine
modulators of granulosa cells and therefore promoting mitosis, steroidogenesis and protein
synthesis. 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 buffalo Boni et al., (1992) have found that the oocytes and early embryos show extreme
sensitivity to oxidative damage, due to their high lipid content. It is known that glutathione
(GSH) plays a critical role in protecting mammalian cells from oxidative stress; the latter is
thought to be a major factor affecting in vitro mammalian embryo development; GSH content
increases during in vivo maturation in the ovary and this reservoir protects the oocytes in the
later stages of development (Perreault et al., 1998). Based on these observations, De Matos et
al., (1997, 2000) showed that cysteamine, a low molecular weight tiol compound, added to the
maturation media, improves bovine and ovine embryo development and quality increasing GSH
synthesis. Gasparrini et al., (2000), by supplementing the IVM medium with 50 M of
cysteamine, obtained an increased proportion of tight morula and blastocyst-stage buffalo
embryos (22.6 percent vs 14.9 percent) and, more interestingly, embryo quality was also
improved. However, no beneficial effect was recorded on maturation and cleavage rates. The
authors speculated that cysteamine-induced GSH synthesis may significantly enhance buffalo
embryo development either by protecting the embryos from oxidative stress or by affecting the
delicate process of cytoplasmic maturation, that in buffalo may be impaired by the fact that
oocytes are often surrounded by only a few layers of cumulus cells. Eppig (1996) suggested that
GSH production is critical for the acquisition of development competence of oocytes at a
cytoplasmic level and de Matos et al., (1995, 1997) proposed the measurement of GSH at the
end of IVM as a reliable indicator of cytoplasmic maturation.

5b. In vitro fertilization

Relative to cattle, buffalo sperm appears to have poor fertilizing capacity and low viability if
the semen is frozen with liquid nitrogen. In fact, despite a similar maturation rate (87 percent
vs 94 percent) a significantly lower cleavage rate (65 percent vs 84 percent) is observed in
buffalo vs cattle (Gasparrini, 2003). In contrast with previous reports (Totey et al., 1992; 1993);
Chuangsoongneon et Kamonpatana, 1991; Bacci et al., 1991), Wilding et al., (2003) reported
non significant differences between frozen and fresh buffalo semen in penetration and cleavage
rate (69.4 percent vs 79.6 percent and 60.3 percent vs 70.5 percent, respectively). In the same
trial the mitochondrial activity of buffalo semen was also assessed showing it to be only slightly
lower in cryopreserved vs fresh semen. These results suggest that other factors may contribute
to the low efficiency rate in buffalo IVF.

As with cattle and other farm animals, considerable variability exists among buffalo bulls in
the fertilizing capacity of sperm (Totey et al., 1993b): an accurate screening of the sperm of
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several bulls is required in order to identify a suitable semen for IVF programmes.

Sperm needs to undergo capacitation to acquire fertilizing ability; this process can be induced
in vitro either by pre-incubation with heparin (Chauhan et al., 1997; Boni et al., 1999) or by
adding heparin to the IVF medium (Totey et al., 1996; Gasparrini et al., 2000). In a previous
report Totey et al., (1993) showed heparin was able to capacitate buffalo sperm in a
dose-dependent manner. High sperm motility is required to accomplish fertilization, although
when frozen-thawed sperm is employed, this can be carried out by the swim-up method
(Boni et al., 1994a,b; Chauhan et al., 1997a; Nandi et al., 1998) or by Percoll density gradient
(Totey et al., 1993b; Boni et al., 1999; Gasparrini et al., 2000). Different motility-inducing
substances are used during IVF such as caffeine (Bacci et al., 1991; Madan et al., 1994b;
Chauhan et al., 1997a), theophilline (Jainudeen et al., 1993) or a mixture of penicellamine,
hypotaurine and epinephrine (Totey et al., 1993b; Madan et al., 1994b), all enhancing the
sperm motility and fertilization rate. Basic media such as Tyrode's modified medium (TALP)
(Totey et al., 1996; Gasparrini et al., 2000) or Brackett and Oliphant (BO) (Madan et al., 1994a,
b; Chauhan et al., 1997a; Nandi et al., 1998) have been found suitable for IVF in buffalo. In
this regard, several studies have suggested that BO medium supported higher fertilization and
cleavage rates than TALP medium (Totey et al., 1992; Madan et al., 1994a; Ocampo et al., 1996)
with average fertilization and cleavage rates of 30 percent to 78 percent and 28 percent to
69 percent respectively. As described above, oocyte maturation in vitro, at least at nuclear
level, occurs earlier than in cattle (Neglia et al., 2001), but results are not improved by
anticipating the IVF; moreover a linear decrease in efficiency is observed starting from
27 hours of maturation (Gasparrini, 2003).

The efficiency of IVF is also affected by the sperm concentration and, consequently, by the
length of sperm-oocyte incubation. Increasing sperm concentration from one through five to
10*106/ml increase polispermy from 24 percent to 43 percent and 64 percent, respectively
(Ocampo, 1996), which can be reduced by shortening the co-incubation time. Authors suggested
the use of a concentration of 2*106/ml, which yields a high fertilizing rate, avoiding the
occurrence of polispermy (Totey et al., 1993b). The positive effect of cumulus cells at the time
of IVF has been observed also in buffalo, similar to cattle (Zhang et al., 1995).

5c. In vitro culture

The development of a suitable system for supporting in vitro embryonic development is the
most critical step to increase the buffalo IVEP efficiency. Although buffalo embryos have been
successfully cultured in ligated rabbit (Chantarapatreep et al., 1989c) and sheep (Galli et al.,
1998) oviducts, the use of intermediate hosts is unsuitable for large-scale embryo production.
Following the development of co-culture systems in sheep (Gandolfi and Moore, 1987), several
authors (Chuansoongneon et al., 1991; Jaunuden et al., 1993) developed a buffalo oviductal
epithelial cell co-culture system, with or without a cumulus cell monolayer (Madan et al.,
1994b), supporting embryonic development up to the blastocyst stage, but with very low
efficiency (8.10 percent). In cattle, established cell lines in a pathogen free-form, such as
Buffalo Rat Liver (BRL) cells (Reed et al., 1996) and Vero cells (Lay et al., 1992) have been
successfully used for culturing buffalo embryos in vitro (Boni et al., 1994 a,b; 1999), avoiding
any risk of transmitting infectious diseases by way of oviductal cells from slaughterhouse
material. The use of chemically defined cell-free medium termed Synthetic Oviductal Fluid
(SOF) or Potassium Simplex Optimized Medium (KSOM), earlier used in cattle (Tervit et al.,
1992), has become necessary to acquire a better understanding of metabolic pathways and
biochemical requirements of buffalo embryos in vitro which, in turn, would allow the
formulation of an optimal species specific culture system.

A higher blastocyst rate and improved quality was obtained when embryos were cultured in
SOF medium compared with the co-culture system with BRL cells (13.5 percent vs 7.0 percent,
respectively) (Boni et al., 1999). Recently, Caracciolo di Brienza et al., (2001) have reported a
higher blastocyst rate, evaluated on the total COCs, in SOF (22.6 percent) and in KSOM
(23.8 percent) culture systems.
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Chapter VI

REPRODUCTIVE APPLICATION OF ULTRASOUND
IN BUFFALO

Giuseppina Maria Terzano
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Via Salaria 31, 00016 Monterotondo (Rome), Italy

The use of ultrasound as a diagnostic technique to evaluate reproduction has enhanced our
understanding of the ovarian and uterine processes during the oestrus cycle and pregnancy and
our ability to manipulate these processes in order to improve reproductive performance and
increase genetic improvement of farm animals. Its use has also provided a "window" to examine
the environment of the foetus in order to better understand the interaction between the foetus
and its mother and to accurately predict foetal sex. The advent of ultrasound has changed the
static glimpses that were achieved with palpation, laparoscopy or post-mortem examination
into real-time images.

The earlier methods such as those based on the Doppler principle have now been superseded by
real-time B-mode ultrasound and equipped with a linear-array 5 or 7.5 MHz intra-rectal probe.
The method is non-invasive and interactive and a principal reason for the increased routine use
of ultrasound in farm animals has been the development of inexpensive, portable equipment.
Several companies now offer excellent ultrasound units for diagnostic examination of large or
small animals (i.e Aloka, Universal Medical System, Classic Medical Supply Inc., E.l. Medical).

Today ultrasound is used for the following examinations:
- Ovarian status determination
- Onset of puberty determination
- Follicular monitoring for diagnosis or pharmacological treatments
- Ovulatory follicles and ovulation time determination
- Ovulation time or anovulatory condition determination
- Corpus luteum monitoring
- Stage of the oestrus cycle determination
- Luteal persistence and anovulatory conditions differentiation
- Establishment of optimal time for artificial insemination
- Oocytes recovery through ultrasound Ovum Pick-up
- Recipients testing for MOET programmes
- Early diagnosis of pregnancy
- Embryo growth characterization
- Foetal viability and age determination
- Foetal number and gender determination
- Post-partum uterine involution determination
- Embryonic death rate (by lack of heartbeat) determination

In this chapter some useful applications will be reported regarding the use of ultrasound for
monitoring reproduction in buffalo.

1. Monitoring Ovarian Structures
Before the ultrasound, evaluation of ovarian follicles was limited to palpation, laparoscopy or
visual examination of excised ovaries. With the advent of ultrasound, however, non-invasive,

repeated monitoring of follicular and luteal development became possible (Figure 1).
Resolution and clarity of ovarian images depend on the quality of the ultrasound equipment
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Figure 1. Ultrasound image of the buffalo ovary
with a corpus luteum (on the left) and follicle (on the right).

and the experience of the operator (Sirois and Fortune, 1988). However, ultrasound is a more
sensitive method than palpation via the rectum for detecting and measuring ovarian follicles,
especially those within the ovarian stroma (Pieterse M.C.et al., 1990). In heifers correlation
coefficients between ultrasound measurements and counts obtained by slicing ovaries after
slaughter ranged from 0.80 to 0.92 for follicles detected in various size categories and was
0.97 for diameter of the largest follicle (Pierson and Ginther, 1987).

Up to now the most important trials on follicular studies have been performed on bovines, using
ultrasound examination of ovaries.

In buffalo, ultrasound monitoring of ovarian function has also been used to determine that
follicular development occurs in two or three waves throughout the oestrus cycle.

Ovarian follicular growth in buffaloes is similar to that observed in cattle and is characterized
by waves of follicular recruitment, growth and regression (Baruselli, 1997a; Baruselli et al.,
1997b). By ultrasound the same authors have shown that buffaloes typically show two follicular
waves (63.3 percent) and three follicular waves (33.3 percent) during an oestrus cycle, with the
first wave beginning around day 0 (day of ovulation). Also cattle commonly have three follicular
waves (Sirois and Fortune,1988; Savio et al.,1988) and two follicular waves (Ginther et al.,
1989 a,b, Karaivanov, 1986) (Fig.1). Unlike in cattle (Rhodes et al., 1995, Savio et al., 1988,
Sirois and Fortune, 1988), ultrasound monitoring proved that buffalo do not show four wave
cycles.

Following each wave of follicular growth, one dominant follicle develops and suppresses the
other follicles. Dominant follicles grow and reach maximum diameter in the middle of the
oestrus cycle. When there are high levels of progesterone, there is no ovulation; regression
starts allowing a new wave growth to occur. The dominant follicle that develops during the last
wave of follicular growth in each oestrus cycle is the ovulatory follicle (Fig.2).

The echotexture characteristics of the dominant follicle may be correlated with the functional
and endocrine status of the follicle. In cows, after the dominant follicle reaches its peak
diameter, referred to as the static phase, granulosa cells are sloughed into the antrum and this
debris increases the echogenic heterogeneity of the antral fluid. The changes in follicular
echotexture measured by computer-assisted echotexture analysis coincided with the ovulatory
potential of the follicle and steroid content of the follicular fluid (Singh et al., 1998; Tom et al.,
1998). At present, however, there is no method to determine the physiological status of a large
follicle without serial examinations and retrospective analysis. Future use of computer assisted
image analysis may improve the diagnostic potential of ultrasound to determine the health of
a large follicle in a single examination: in buffalo this will be of significant importance in
detecting the health of ovulatory follicles after the application of oestrus synchronization
protocols for fixed time artificial insemination. In addition, based on recent findings regarding
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Follide diameter, mm

Figure 2. Buffalo oestrus cycle characterized by two follicular waves

endogenous mechanisms controlling follicular wave emergence, follicle selection and
dominance, new ideas for artificial manipulation of ovarian function are being investigated.

Recent ultrasound investigations in buffalo have paid particular attention to superstimulatory
responsiveness with specific regard to the status of follicular wave development. An increase in
the number of ovulations has been reported when superstimulatory treatments were started in
the absence of a dominant follicle or when the dominant follicle was in a regressing or plateau
phase (Taneja et al., 1995).The ultrasound folliculogenesis studies have moreover revealed a
great variation on the day the second wave starts, demonstrating the difficulty in
standardizing the superovulatory schemes in the middle of the oestrus cycle (Barros et al.,
1993; Beg et al., 1997). When monitoring follicular growth by ultrasound, authors reported a
greater superstimulatory response when treatment was started before (day 1) rather than after
(day 5) manifest selection of the dominant follicle (Adams et al., 1992, Nasser et al., 1993). In
a direct comparison of the superstimulatory response of the first follicular wave vs the second
one, the results revealed no differences in the number of ovulations induced or the number of
ova/embryos recovered in heifers in which superstimulatory treatments were started on the day
of emergence of wave 1 or wave 2. In cattle several reports have confirmed that a
superovulatory response could be elicited when begun at the time of wave emergence, near the
expected time of the pre-wave FSH surge. Superstimulation of the first follicular wave after
ovulation (wave 1), rather than of the subsequent waves, was chosen because the day of
ovulation (day 0) could be used as a convenient and consistent point of reference for the
emergence of wave 1. However this procedure is difficult to perform under field conditions. A
way to perform this would be to synchronize the follicular waves by hormonal or mechanical
methods and to perform superovulatory treatment at the onset of the second wave, as proposed
for bovines (Bo et al., 1995, 1996). By using ultrasound in buffalo a low individual variation was
found for the number of follicles recruited for different waves of the same oestrus cycle.

Ovulation is detected by ultrasound as the acute disappearance of a large follicle (10 mm) that
was present at a previous examination. As in buffalo the corpus luteum (CL) is deeply
embedded in the ovary, its ultrasonic detection may be more sensitive than detection by
palpation, this being dependent on the experience of the individual performing rectal palpation
(McDougall et al., 1999). Detection of a CL with ultrasound is based on the differences in
echogenicity between the stroma and the luteal tissue. In buffalo a mature developing CL was
recognizable within the first one to three days from ovulation by an increasingly distinct
border separating it from the remaining ovarian stroma together with a darker grey granular
echotexture (Senatore et al., 2002). The ability to discern CL from the stroma depends on the
skill of the ultrasound technician. Occasionally it can be difficult to differentiate the CL from
the stroma due to the size of the CL and the area of the ovary occupied by the CL. Usually the
stroma can be differentiated from the CL by the presence of small follicles dispersed throughout
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the stroma (Terzano, unpublished data, 1SZ). Ultrasound machines with expanded gray scale
capabilities enhance the ability to differentiate ovarian structures due to subtle differences in
echogenicity.

Ovary before PMSG+FSH (c) Ovary after PMSG+FSH (d)

Figure 3. Representative ultrasonographic images of ovaries of buffalo heifers before (a and
c) and after (b and d) treatment with 4-d FSH and FSH + PMSG.

Ultrasonography may provide a good method of evaluating the follicular development after
synchronization with different hormonal protocols for artificial insemination (Terzano et al.,
2001; Barile et al., 2004) and after different superstimulatory treatments (Terzano et al.,
2004a,b) (Figure 3) and of evaluating corpora lutea in embryo transfer programmes. In fact,
embryo-transfer practitioners often reject recipients presented for transfer based on the
absence of palpable luteal tissue or the presence of a small, irregular, fluid-filled or soft CL;
ultrasound may provide a better method of evaluating CL's in embryo-transfer recipients (Beal
W.E., unpublished).

2. Ultrasound evaluation of the uterus

The ultrasound appearance of the buffalo uterus, as in cattle, is dependent on the stage of the
oestrus cycle. Variation in the appearance of the uterus involves changes in endometrial
thickness, vascularity and the presence of intraluminal fluid. During oestrus the endometrium
is very echogenic, the endometrial/miometrial border is evident and throughout the uterine
lumen it is possible to see small fluid accumulation. The echogenicity and puffed up appearance
of the uterine endometrium decreases by three or four days after ovulation. The uterine horns
are extended during and immediately after oestrus (Bonafos et al., 1995).

Real-time, B-mode ultrasound has been reported to detect pregnancy in cattle as early as
9 (Boyd et al., 1988) or 12 days into gestation (Pierson and Ginther, 1984). The potential
advantages of using ultrasound for pregnancy diagnosis are that the presence of an embryo can
be detected earlier than by palpation per rectum and that direct physical manipulation of the
gravid reproductive tract is unnecessary with ultrasound. The latter fact should reduce the risk
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Figure 4. Ultrasound images of buffalo embryos and foetuses.

of inducing embryonic mortality. The use of ultrasound rather than palpation per rectum may
also improve the consistency of early (< 40 days) pregnancy diagnosis by reducing the variation
in accuracy among practitioners.

In buffalo, pregnancy was determined as early as 20 days with ventral view of the foetus
(Presicce et al., 2001).

The embryo is defined as a distinct echogenic structure within the nonechogenic, fluid-filled
vesicle. Presence and vitality of the embryo can be confirmed by the detection of a heartbeat at
as early as three weeks of gestation: the embryo initially appears as a short, straight echoic line
(three weeks), later becomes C shaped (four weeks) and by 4.5 weeks of gestation assumes an
L shape (Figure 4).

3. Determination of foetal age

Various ultrasound methods for estimating animal foetal growth have been described in the
literature (Kahn W., 1991; Noia et al., 2002). These techniques are based on serial
measurements of specific somatic parameters in the foetus: measurements of crown rump
length, head diameter and trunk diameter are actually the easiest predictive measurements to
estimate gestational age (Figure 5).

Figure5. Determination of buffalo foetal head (left panel)
and crown rump length (right panel) by ultrasound.
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Crown rump length (distance from the tail head to the greater curvature of the skull) is easily
measured in embryos of foetuses presented in frontal or sagittal view. Head and trunk diameter
measurements (recorded at their maximal diameters) require a cross-section or frontal
presentation. Experience has revealed that crown rump length is best for estimating ages of
embryos less than 50 days and head or trunk diameters are more easily obtained for foetuses
over 50 days old.

The regressions and correlation coefficients between the development of the ovine (Noia et al.,
2002) and bovine (Kahn W., 1991) foetus and age of gestation has been obtained for several
different features. The use of these measurements in formulas to estimate age results in the
least variation between the estimated and actual ages.

4. Foetal gender determination

The genital tubercle is embryonic tissue that gives rise to the clitoris in the female and to the
glans penis in the male. It originates between the rear legs of the foetus and migrates just
caudal to the umbilicus in the case of the male and ventral to the anus in the female. After day
50 of gestation, male and female foetuses can be differentiated by the relative location of the
genital tubercle (presumptive penis or clitoris) and development of genital swellings into a
scrotum in the male foetus. Diagnosis of sex should be made by visualization of either male or
female sex organs and should be nearly 100 percent accurate. Determinations made on the
basis of absence or inability to identify the organs either ventral to the tailhead or caudal to
the umbilicus may result in lower accuracy.

Ultrasound imaging of 28 buffalo foetuses on day 50 to 65 (period considered critical for foetal
gender determination) has been performed every day (Presicce et al., 2001).The position of the
genital tubercle was considered to be diagnostically relevant for both males (n=16) and females
(n=12) by day 57, with confirmation of the sex to occur by day 59. The hyperechogenic image of
the buffalo genital tubercle did not show any appreciable differences from the bovine genital
tubercle. A good flat ventral view of the foetus at day 57 was essential for gender determination
and at this stage a good view was always reached within two minutes of ultrasound scanning
for each animal. Echographic confirmation of gender was performed from day 65 to 67 and
100 percent efficiency was verified.

Figure 6. Ultrasound images of a male foetus (frontal view).
Right panel shows hind limbs (HL) and penis (P); left panel shows scrotum (S).

The ultrasound transducer must be manipulated within the rectum to provide a frontal,
cross-sectional or sagittal image of the ventrum of the foetus. The umbilicus and tail serve as
excellent landmarks when determining the location of the genital tubercle or the presence or
absence of the scrotum.

142



References:

Adams, G.P., Matteri, R.l., Kastelic, J.P., Ko, J.C.H. and Ginther, O.J. 1992. Association
between surges of follicle-stimulating hormone and the emergence of follicular waves in heifers.
J.Reprod.Fertil., 94: 177-188.

Barile, V.L., Pacelli, C., De Santis, G., Maschio, M.F., Terzano, G.M. and Borghese, A. 2004.
Follicular dynamics in buffalo cows treated with two different protocols of oestrus
synchronization. Proc. Seventh World Buffalo Congress, Manila, Philippines, Oct.20-23:
588-591.

Barros, C.M., Figueiredo, R.A., Papa, F.O. and Rocha, G. 1993. Follicular growth in Nelore cows
after PGF2o administration. J.Anim.Sci., 71: 216.

Baruselli, P.S. 1997a. Folliculogenesis in buffalo. Bubalus bubalis, Supplement, 4: 79-92.

Baruselli, P.S., Mucciolo, R.G., Visintin, J.A., Viana, W.G., Arruda, R.P., Madureira, E.H.,
Oliveira, C.A., and Molero-Filho. 1997b. Ovarian follicular dynamics during the oestrus cycle in
buffalo (Bubalus bubalis). Theriogenology, 47 (8): 1531 - 1547.

Beg, M.A., Sanwal, P.C. and Yadav, M.C. 1997. Ovarian response and endocrine changes in
buffalo superovulated at midluteal and late luteal stage of the oestrus cycle: a preliminary
report. Theriogenology, 47: 423-432.

Bo, G.A., Adams, G.P., Caccia, M., Martinez, M., Pierson, R.A. and Mapletoft, R.J. 1995.
Ovarian follicular wave emergence after treatment with progestogen and estradiol in cattle.
Anim. Reprod. Sci., 39: 193-204.

Bo, G.A., Adams, G.P., Pierson, R.A. and Mapletoft, R.J. 1996. Effect of progestogen plus
estradiol-17p treatment on superovulatory response in beef cattle. Theriogenology, 45: 897-910.

Bonafos, L.D., Kot, K., and Ginther, 0.J. 1995. Physical characteristics of the uterus during the
bovine oestrus cycle and early pregnancy. Theriogenology, 43: 713-721.

Boyd, J.S., Omran, S.N. and Ayliffe, T. R. 1988. Use of a high frequency transducer with
real-time, B-mode ultrasound scanning to identify early pregnhancy in cows. Vet. Rec.,
123: 8-11.

Ginther, O.J., Kastelic, J.P. and Knopf, L. 1989a. Composition and characteristics of follicular
waves during the bovine oestrus cycle. Anim.Reprod. Sci., 20: 187 - 200.

Ginther, O0.J., Knopf, L. and Kastelic, J.P. 1989b. Temporal association among ovarian events
in cattle during the oestrus cycle with two and three follicular waves. J.Reprod.Fertil.,
87: 223-230.

Kahn, W. 1991. Atlas und lehrbuch der ultraschalldiagnostik: 11- 252.

Karaivanov, C. 1986.Comparative studies on the superovulatory effect of PMSG and FSH in
Water buffalo (Bubalus Bubalis). Theriogenology, 26: 51-59.

McDougall, S. and Rhodes, F.M. 1999. Detection of a corpus luteum in apparently anoestrus
cows by manual palpation, transrectal ultrasonography and plasma progesterone

concentration. New Z. Vet. J., 47: 47-52.

Nasser, L.F., Adams, G.P., Bo, G.A. and Mapletoft, R.J. 1993. Ovarian superstimulatory

143



response relative to follicular wave emergence in heifers. Theriogenology, 40: 713-724.

Noia, G., Romano, D., Terzano, G.M., De Santis, M., Di Domenico, M., Cavaliere, A., Ligato,
M.S., Petrone, A., Fortunato, G., Filippetti, F., Caruso, A. and Mancuso, S. 2002. Ovine foetal
growth curves in twin pregnancy: ultrasonographic assessment. Clin.Exp. Obst. and Gyn.,
XXIX 4 : 251-256.

Pierson, R.A. and Ginther, O.J. 1984. Ultrasonography for detection of pregnancy and study of
embryonic development in heifers. Theriogenology, 22: 225-233.

Pierson, R.A. and Ginther, O.J. 1987. Follicular population dynamics during the oestrus cycle
of the mare. Anim. Reprod. Sci., 14: 219-231.

Pieterse, M.C., Taverne, M.A.M., Kruip, A.M. and Willemse, A.H. 1990. Detection of corpora
lutea and follicles in cows: A comparison of transvaginal ultrasonography and rectal palpation.
Vet. Rec., 126: 552-554.

Presicce, G.A., De Santis, G., Stecco, R., Senatore, E., De Mauro, G.J. and Terzano, G.M. 2001.
Foetal gender determination by ultrasound in the Mediterranean Italian buffalo (Bubalus
bubalis). Theriogenology, vol.55 (1): 532.

Rhodes, F.M., De'Ath,, G. and Entwistle, G. 1995. Animal and temporal effects on ovarian
follicular dynamics in Braham heifers. Anim. Reprod. Sci. 38: 265-277.

Savio, J.D., Keenan, L., Boland, M.P. and Roche, J.F. 1988. Pattern of growth of dominant
follicles during the oestrus cycle in heifers. J. Reprod. Fertil., 83: 663 - 671.

Senatore, E.M., De Santis, G., Barile, V.L., Stecco, R., De Mauro, G.J. and Terzano, G.M. 2002.
Corpus luteum measurements, echotexture and plasma progesterone in adult and puberal
Mediterranean Italian buffalo (Bubalus bubalis). Theriogenology, vol.57: 792.

Singh, J., Pierson, R.A. and Adams, G.P. 1998. Ultrasound image attributes of bovine ovarian
follicles and endocrine and functional correlates. J. Reprod. Fertil., 112: 19-29.

Sirois, J. and Fortune, J.E. 1988. Ovarian follicular dynamics during the oestrus cycle in
heifers monitored by realtime ultrasonography. Biol. Reprod., 39: 308 - 317.

Taneja, M.G., Singh, S.M., Totey, S.M. and Ali, A. 1995. Follicular dynamics in water buffalo
superovulated in the presence or absence of a dominant follicle. Theriogenology, 44: 581-597

Terzano, G.M., Barile, V.L., De Santis, G., Senatore, E., Stecco, R., De Mauro, G.J.,
Parmeggiani, A. e Presicce, G.A. 2001. Monitoraggio ecografico in bufale italiane sottoposte a
sincronizzazione follicolare ed inseminazione strumentale. Atti 1° Congresso Nazionale
sull’Allevamento del Bufalo, Eboli, (SA), 3-5 Ott: 359-362.

Terzano, G.M., Catone, G., Todini, L., Malfatti, A., Pacelli, C., D'Alessandro, A. and Borghese,
A. 2004a. Plasma inhibin A level and follicular development in prepuberal buffalo heifers
superovulated with FSH or FSH/eCG: preliminary results. Proc. Seventh World Buffalo
Congress, Manila, Philippines. 20-23 Oct: 644-647.

Terzano G.M., Catone, G., Allegrini, S., Mazzi, M., Bracci, M., Lomolino, R. and Borghese, A.
2004b. Ovarian response in stimulated prepuberal Mediterranean Italian buffaloes (Bubalus

bubalis). Proc. 7th World Buffalo Congress: 745-746.

Tom, J.W., Pierson, R.A. and Adams, G.P. 1998. Quantitative echotexture analysis of bovine
ovarian follicles. Theriogenology, 50: 339-346.

144



Chapter VII

NUTRITIONAL REQUIREMENTS
IN BUFFALO COWS AND HEIFERS
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In order to provide the appropriate feeding when considering the varying physiological phases
of animals, the evaluation of the nutritional requirements becomes a determining factor. There
are two different periods in the life of the buffalo cow: the lactating period and the dry period.
The dry phase is defined by the lapse of time between the end of lactation, the parturition and
the onset of the next lactation, which in buffalo lasts for approximately 270 days. In this survey
the nutritional requirements of heifers and the buffalo herd, lactating and non lactating will be
analysed.

The evaluation of the nutritional requirements of the dry buffalo herd

As mentioned above the dry phase is the period which elapses between one lactation and
another, in buffalo this dry phase lasts approximately four months, the gestation period is
longer than in bovines, and considered as an unproductive phase by some breeders. Since the
dry period in buffaloes is longer than that of dairy cows, possible rationing errors, even though
slight, could have negative repercussions with significant consequences both for the subsequent
lactation and for the wellbeing of the animal itself (Zicarelli, 2000). Proto (1993) carried out the
first research to evaluate the nutritional requirements in buffaloes providing indicative values
for rations of non-lactating buffaloes (Table 1). In the dry period the buffalo herd must procure
its own maintenance requirements in addition to the gestation demands since the needs of the
foetus increase compared to the previous months and additional food supplements are
essential. Proto (1993) considered the nutritional requirements applied to dairy cows adequate
also for non-lactating buffaloes and suggested an energy-protein level of 0.65 Milk FU/kg DM
and 10.5 percent of crude protein. Similar data was reported by Bertoni et al. (1994), who
recommended the following energy-protein trend for diets of the non-lactating buffalo herd:
0.63-0.65 Milk FU/kg DM and 10-11 percent of crude-protein (Table 2), confirming Proto's
study. During the dry phase Bertoni et al. (1994) recommended that the amounts of protein in
the rations should be higher than 10 percent because, with a lower quantity the rumen activity
could be compromised. By providing these indications, for the non lactating buffalo diet, the
issue arose (Bertoni et al., 1994) whether the high recycle of urea could allow for at least a
10 percent reduction of dry matter in the crude protein content of maintenance rations; during
the dry phase the requirements are almost identical to maintenance. Di Lella (2000) provided
the first response; an ad libitum diet for the non-lactating buffalo herd should be able to
provide an energy content not inferior to 0.65 Milk FU/kg DM and above all a protein
concentration lower than 10 percent, with a suggested value of 9 percent. During the dry phase
the animals should be fed with fresh forage or hay of good nutritional value and it is advisable
to provide 15 percent DM with a concentrate, therefore re-establishing the reserves of
liposoluble vitamins, oligominerals and, by means of hydrosoluble vitamins, to normalize the
rumen fermentation and hepatic functions. The diet that characterizes this phase has a low
rumen fermentation rate, which conditions the production of volatile fatty acids and favours
the proliferation of cellulolytic bacteria. While still in this phase a decrease of the absorbent
process with a drop in the rumen papillae activity is noticed. The nutritional requirements
increase following parturition and the diets show differing characteristics with a great increase
of non structural carbohydrates (NSC) and in protein content. The sudden changes in the diet
are not supported by variations within the rumen such as an increase of the amilolytic
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population and development of the rumen papillae, which occur at a slower rate. Therefore it is
important for the dry buffalo to be fed the same diet as when lactating; this new breeding
technique could start at least three weeks before the presumed parturition by forming a group
"near partum”. This group should be administered with a suitable feed with an energy content
of at least 0.90 Milk FU/kg DM, a reduction of structural carbohydrates in the diet and an
increase of NSC. In addition to the energy content, the diet for buffaloes "near partum" must
guarantee the appropriate amount of nitrogen compounds: according to Di Lella (2000) the
optimal protein requirement in the last phase of gestation should be 13 percent.

In 1999 the Technical-scientific Committee of the consortium for the protection of Campania
Buffalo Mozzarella Cheese was established. The Committee drafted standard guidelines for the
regulation of both hygiene and nutrition in buffalo herds related to the Campania Buffalo
Mozzarella Cheese DOP, published in 2002. In the cited work all the indications concerning the
nutrition of buffaloes are presented. Furthermore the Technical-scientific Committee
suggested, where possible, to subdivide the animals according to a breeding technique in which
the Body Condition Score (BCS) is evaluated, the aim being, by means of the correct diet, to
achieve the ideal weight within the ninth month of gestation. Table 3 reports the nutritional
requirements for the non-lactating buffalo herd. The average energy level of the last three
months is approximately the same as that previously suggested by various authors (Proto,
1993; Bertoni et al., 1994; Di Lella, 2000), while the optimal level for crude protein is indicated
at 800 g/d, with a protein level of approximately 7.5 percent. Particular attention is given to
mineral content, especially when comparing the calcium:phosphorus ratio. In fact from the
ninth month the Ca:P ratio must be 1:1.1 to avoid the possibility of vaginal and/or uterine
prolapse (Zicarelli et al., 1982). In the diet high Ca:P ratios cause an alteration of the normal
Ca:Mg ratio in the blood, as a result the excitability of the uterine-vaginal muscle fibre
undergoes alteration, causing atonicity of the organ leading to prolapse (Campanile et al.,
1989). An excess of calcium during the dry phase can cause a minor parathyroid activity with
consequent low values of calcemia at calving. Integration by means of hyper phosphorus salts
tends to draw the ratio of the macro-elements closer together stimulating the parathyroid
activity (Campanile et al., 1995). The mineral supplement, which is calculated bearing in mind
the calcium, phosphorus and magnesium content in the diet, can be added to the concentrate or
given separately. To provide a well-balanced supplement it is essential to assay the mineral
composition of the foodstuff administered to the animals. Due to this the Technical-scientific
Committee considers it unwise to administer poliphita hays, alphapha hay and Italian ryegrass
hay, during the dry phase which accounts for 4.0-7.0 g/kg DM of calcium and 2.5-4.8 g/kg DM
of phosphorus. From this point of view oat hay, wheat straw and maize silage (in quantities not
higher than 5.0-7.0 kg/head/d) appear to be more suited being poor in minerals. The ample
variations of these elements in the diet do not influence the final content.

The nutritional requirements of the non-lactating buffalo herd have also been evaluated by
Bartocci et al. (2002). Twenty farms were assessed in the Lazio region (central Italy) and were
subdivided according to the daily milk yield: high yield (> 9 kg), intermediate yield (8-9 kg) and
low yield (< 8 kg). The diets for the non-lactating buffalo herd were characterized by an average
energy content of 0.64 Milk FU/kg DM, no significant differences emerged between the farm
categories. The protein content demonstrated an average of 7.5 percent, with a higher
statistically significant difference between the low yield farms and the other two categories
(6.3 vs 8.0, 8.1 percent; P<0.05). Bartocci et al., (2002) evaluated the nutritional requirements
of the dry buffalo herd only on the farms with high and intermediate milk yields (Table 4). Such
a low protein content (7.9 percent) could be justified by the nitrogen metabolism in buffaloes
that differs from cattle (Abdullah et al., 1990; Kennedy et al., 1990). Moreover, studies carried
out by Puppo et al., (2002) indicate a greater protein digestibility in buffaloes compared to
cattle in diets with a high content of structural carbohydrates. This all leads to the conclusion
that buffaloes have a greater capacity to utilize protein sources at least from those diets
adapted for the dry phase, therefore giving the breeder the opportunity to formulate diets with
a low protein content.

It is clear that great progress has been made with regard to the understanding of the
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nutritional requirements of non-lactating buffaloes. Not so many years ago Proto (1993) and
Bertoni et al., (1994) asserted that the non-lactating buffalo could be fed in the same way as
the dairy cow, during the same physiological period. However, results from subsequent studies
(Technical scientific Committee, 2002; Bartocci et al., 2002) demonstrate that the energy level
in the non lactating buffalo herd can fluctuate from 0.60 to 0.65 Milk FU/kg DM, while the
protein level can drop to 7.5 percent DM in the diet. In our opinion this protein level, which
may appear low when compared to cattle, requires further research. In addition particular
attention should be given to the Ca:P ratio which should be 1:1.1 from the ninth month.

The evaluation of nutritional requirements in the lactating buffalo herd.

The standard lactation phase in buffaloes is 270 days, the milk yield increases after calving and
reaches a peak between the fourth and the sixth week. Besides quantity variations buffalo milk
is also subject to a variation in the chemical composition during lactation, this phenomenon is
much more evident in this species compared to cattle. This implicates greater attention when
observing the lactation curve, bearing in mind the chemical variations when calculating the
production requirements. According to Proto (1993), particular attention should be given to the
milk fat percentage variation which ranges from 6.0 to 12.0 percent and influences the energy
requirements. In the same way the protein level which varies between 3.5 to 5.5 percent
influences the protein requirements. Table 5 records the protein and energy requirements for
the production of 1 kg of buffalo milk relative to the fat and protein content (Proto, 1993). In
addition to the energy and protein requirements, the mineral demands should be considered,
with particular attention to the calcium, phosphorus and magnesium contents. The production
requirements of these three elements, according to the same author, can be considered the same
as for bovines bringing the levels to 6.7 g calcium, 2.2 g phosphorus and 0.9 g magnesium, per
kg of milk yield. Other criterium suggested by Proto (1993) was to transform buffalo milk into
milk standardized to 4.0 percent fat and 3.1 percent protein, by using Di Palo's equation (1992):

kg of standard milk = kg of milk produced * ((( g fat - 40)+(g protein - 31))* 0.01155+1.0)

Once the conversion of buffalo milk was carried out Proto considered that the energy
requirements of bovines were suitable when calculating buffalo requirements: 0.44 Milk UF/kg
of milk normalized to 4 percent fat, and subsequently applying the production requirements for
milk determined by the Institut National de la Recherche Agronomique, France (INRA, 1988).

Bertoni et al., (1994) proposed that one breeding technique could be to divide the lactating
animals into two groups: one with a yield higher than 8-9 kg and the other with a lower yield.
In the former group the suggested ration has an energy density of 0.80-0.85 Milk FU/kg DM and
13.5-14.5 percent CP; in the latter group the density drops to 0.76-0.80 Milk FU/kg DM and
12.5-13.5 percent CP (Table 6). The same authors recommended a diet containing mainly forage
since the buffalo utilizes this much better than concentrates; furthermore, in order to avoid
digestive problems, in the rumen or intestine, the crude lipid and starch + sugar content must
not exceed respectively 4.0-4.5 percent DM and 16.0 17.0 percent DM (Bertoni et al., 1994).

Zicarelli (1999) likewise paid particular attention to buffalo diets during the lactation phase.
When employing the equation of Di Palo (1992) and comparing buffalo milk to that of dairy
cows, with the same energy produced per 1 kg of milk (Table 7), the fact emerges that buffalo
milk is characterized by a lower protein and phosphorus value compared with that produced by
dairy cows. According to the same author, analogous to variations of dairy cow milk, in the first
50 days circa of lactation buffaloes register a dry matter intake lower than their requirements,
which leads to an inevitable weight loss. As a consequence the milk yield tends to decrease
since the animals have the ability to accumulate reserves as a precautionary measure for
periods of scarce forage availability, thus aiding their wellbeing while not favouring the
galactopoiesis. Possible excesses of energy intake in buffaloes do not cause the "fat cow
syndrome" typical in bovines, but modify the chemical composition of the milk, especially the
lipid content. As the milk yield gradually augments during lactation, the requirements increase
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according to the quantity of the milk yield: on average it can be considered that with a rise of
1 kg milk the requirements increase to 0.76 Milk FU, while the intake of dry matter rises to
0.475 kg. After 150 days from parturition the buffaloes tend to ingest more than their
requirements, therefore accumulating excessive reserves. In order to prevent excessive weight
gain in this phase the energy density should be lowered, the NDF increased and the starch
reduced (not higher than 18 percent DM). A greater adipose reserve is most common in animals
that exceed 270 days of lactation due to fertility reasons, or in animals with low yields. With
the remaining animals this phenomenon appears less evident since the previous condition is
easily re-established in the dry phase. As previously mentioned the buffalo milk protein quota,
compared to energy produced is lower than that of dairy cows. One of the characteristics of the
buffalo lies in the protein degradability in the rumen which is greater than that in cows
(Terramoccia et al., 2000); furthermore the permanence time of foodstuff in the buffalo rumen
is greater in comparison to cattle, while there is an inverse tendency in the intestinal tract
(Bartocci et al. 1997). This characteristic favours the by pass proteins employed to a lesser
degree than in cattle, therefore avoiding fertility or mastitis problems in the event of excessive
protein. Zicarelli (1999) suggests a protein ration of 2.47 g CP for every gram of protein in the
milk (similar values to those of dairy cows). At the onset of lactation as the intake is lower, it
is advisable to increase the protein quota by 10 percent, bearing in mind that the requirements
are not adequate if a diet containing less than 13.5 percent CP is used (Campanile et al., 1995).
Each kg of buffalo milk contains 1.8-2.0 g calcium and 1.1-1.2 g phosphorus; as far as the
maintenance requirements are concerned values provided by INRA (1988) for dairy cows apply.
Zicarelli (1999) calculated that for milk production, the calcium requirements reach the value
of 5.2-5.8 g/kg milk circa and the phosphorus requirements are 2.1-2.3 g/kg milk. Table 8
reports the conversion factors which consent the technician to calculate the milk yield
normalized to 8.30 percent fat and 4.73 percent protein and subsequently to calculate the
requirements and formulate the ration.

Another research which provides indications for the nutritional requirements of the lactating
buffalo herd (Table 9) is that elaborated by the Technical-scientific Committee of the
consortium for the protection of Campania Buffalo Mozzarella Cheese (2002). This work
combines the experience gained in the various research centres (University of Naples - two
faculties and the Animal Production Research Institute, Rome) that have studied this species
to a greater extend. According to the authors the intake of dry matter depends on: the weight,
the production level and the physiological phase of the animal, also on the forage: concentrate
ratio and lastly on the quality of the feeds used to formulate the ration. The requirements
reported in Table 9 have been evaluated considering 20 percent primiparous incidence within
the lactating group. Moreover the possibility of weight gain recovery was considered which in
buffaloes occurs between 100 and 170 days after calving, this period corresponds to the passage
from the catabolism to the anabolism phase of the lactation curve. The considered Milk FU were
calculated by evaluating the energy necessary to assure the milk production of the herd. As
regards protein content the Technical-scientific Committee has decided to quote the values
obtained by the research centres which are part of the working group. These values differ from
the theoretic requirements because they not only consider the production of protein in the milk,
the growth development of the primiparous and weight recovery of the animals, but also what
endocrine - metabolic effects the feed proteins have on the buffalo milk yield. For example, the
percentage of crude protein suggested by the Technical-scientific Committee for a group of
buffaloes tha