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FOREWORD

Buffaloes are members of the kingdom Animalia, phylum Chordata, class mammalian, order
Artiodactyla  and  family  Bovidae.  They  are  further  classified  into  two  main  species,  the
African wild buffalo (Syncerus) and the Asian buffalo (Bubalus). The Asian buffalo is further
classified into the river (Bubalus bubalis) and swamp type (Bubalus carabensis) species. The
study related to their origins indicate that swamp buffaloes may have originated in China and
were domesticated about 4,000 years ago, while the river type may have originated from India
some 5,000 years ago. Thus, the buffalo has been domesticated more recently as compared to
Bos taurus and Bos indicus cattle, both domesticated ~10,000 years ago.

According to the FAO, the total population of buffaloes in the world during 2013 was 193.8
million. Asia alone accounts for the majority of heads, 187.9 million buffaloes that constitute
96.96 % of  the  total  population.  Because of  its  usefulness,  the  buffalo  has  been moved to
Africa (4.2 million; 2.17%), America (1.34 million; 0.71%), Europe (0.43 million; 0.22%)
and Oceania (210 numbers), and it is becoming popular in many non-buffalo rearing countries
of these subcontinents. India possesses the largest number (109.4 million: 56.4%) and most of
the  best  breeds  of  buffaloes  (such  as  Murrah,  Nili-Ravi,  Banni,  Mehsana,  Bhadavari,
Jafarabadi,  Surti  etc.).

Buffaloes  are  very important  animals  in  Asian farming with milk,  meat  and hides  as  their
major  contribution  to  the  zoo-economy,  together  with  other  forms  of  contribution  within
field-work such as pumping water, ploughing, planting and cultivation of crops, puddling of
rice fields, hauling carts to carry various materials and people, thrash grains and crush sugar
canes,  etc.  Buffaloes  are  also  used  for  social  and  cultural  events,  sports  and  religious
purposes. It contributes to about 55% of the milk produced in India and about 10% of the total
global milk production. Buffalo milk has a high level of nutrients, and many consumers prefer
it because of its white color, high fat content and flavor. Similarly, buffalo meat is amazingly
tender, juicy with a slightly sweet flavor and it is lower in fat, calories and cholesterol than
cattle beef, and higher in protein. The buffalo has an intrinsic ability to efficiently convert
poor quality forages and crop residues of marginal areas into high quality milk and meat and
it has exceptionally long productive life; in fact a healthy female may have as many as nine to
ten lactations. Because of its colour and immense economic value, the buffalo is often called
“Black Gold",  and today more human beings  depend on them than on any other  domestic
animal.

Depending on the geographical situations and the purpose for which they are used, buffaloes
are  managed  differently  all  over  the  world.  Slowly  buffalo  rearing  is  changing  from  the
backyard to commercial enterprises and is following the path of cattle industry. Buffalo has

https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Domestic_animal
https://en.wikipedia.org/wiki/Domestic_animal
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an  excellent  potential  for  milk  and  meat  production,  and  therefore  development  and
application of simple technologies to overcome deficiencies in breeding, nutrition, healthcare,
management  and welfare  and simultaneously  judicious  application of  current  technologies
such as genomics, proteomics, reproductive biotechnologies, nanotechnology, bioinformatics
etc., may lead to its faster development.

Scientific literature on buffaloes has mushroomed in the last two decades, covering various
aspects  of  buffalo  production.  In  order  to  maximize  productive  and  reproductive
performances, newly developed technologies have been implemented in buffalo farming and
management, and in some instances with excellent results. This book has 15 chapters, from
the  contribution  of  selected  renowned  educators  /  scientists  from different  buffalo  rearing
countries,  dealing with  the  most  recent  advances  ranging from reproductive  physiology to
nutrition,  welfare,  milk  production  and  genetics.  The  book  is  aimed  at  magnifying  the
importance  of  this  species  in  the  world,  and  highlights  areas  of  research  that  need  to  be
explored urgently.

I am sure this book will be a valuable reference for researchers, policy experts, professionals,
and above all, educators as well as under-graduate and post-graduate students interested in the
bubaline species.

Prof. AK Misra
Vice-Chancellor

Maharashtra Animal and Fishery Sciences University
Seminary Hills

Nagpur-440 001
Maharashtra, India
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PREFACE

Scientific literature on buffaloes (Bubalus bubalis) has skyrocketed in the last two decades,
ranging from production to reproduction issues. Buffaloes have played an instrumental role in
so-called emerging countries of the Asian continent, especially thanks to their intrinsic ability
to convert poor quality forages and crop residues of marginal areas, into high quality milk and
meat. A special focus of interest has been addressed from researchers to the river subspecies,
being the most productive across countries of the European as well as the Asian continents. In
fact, in some countries, the river buffalo has shown over the years, an increasing trend in the
number of available heads, whereas in others, swamp buffaloes have decreased dramatically.
In  order  to  maximize  productive  and  reproductive  performances,  newly  developed
technologies  have  been  implemented  in  buffalo  farming  and  management,  and  in  some
instances with excellent results.  This book, presenting the most recent advances in buffalo
production and research, aims at magnifying the importance of this species in the world and at
highlighting areas of research still in need to be more deeply explored.

Giorgio A. Presicce
ARSIAL – Regione Lazio,

Rome,
Italy
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CHAPTER 1

River and Swamp Buffaloes: History, Distribution
and their Characteristics
Claro N. Mingala*, Marvin A. Villanueva and Libertado C. Cruz
Philippine Carabao Center, Science City of Muñoz 3120, Nueva Ecija, Philippines

Abstract: Water buffalo, whether it belongs to the swamp or river type, is an important
animal resource aside from cattle, whose great potential as source of products of animal
origin  and  as  a  tool  for  research  has  been  widely  recognized.  With  a  population  of
about 168 million, buffaloes are widely distributed in many countries around the world,
mainly  in  the  Asian  continent  as  an  important  source  of  milk,  meat,  hide  and  draft
power. This paper presents the history, world distribution, breeds, the characteristics of
the two types of buffaloes, and the genetic improvement achieved in this species.

Keywords: Breed, Crossbreeding, Draft, Milk, River and swamp buffalo.

1. INTRODUCTION

The water buffalo and the men, who have been raising it with love for centuries,
have been closely related and dependent on each other, so the buffalo has acquired
a great social and cultural importance to human beings. The buffalo appears in the
legends  and  folk  arts  of  many  people,  especially  the  Asian,  becoming  an
inseparable  part  of  human  life.

2. HISTORY

The  Asian  buffalo  or  the  water  buffalo  (Bubalus  bubalis)  belongs  to  class
Mammalia, sub-class Ungulata,  order Artiodactyla, sub-order Ruminantia, family

* Corresponding author Claro N. Mingala: Philippine Carabao Center, Science City of Muñoz 3120, Nueva Ecija,
Philippines; Tel: +63 44 4560731; Fax: +63 44 4560730; E-mail: cnmingala@hotmail.com

Giorgio A. Presicce (Ed.)
All rights reserved-© 2017 Bentham Science Publishers
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Bovidae,  sub-family  Bovinae,  and  tribe  Bovini.  Under  the  tribe  Bovini  three
groups  are  included,  the  Bovina  (cattle),  Bubalina  (the  Asian  buffalo),  and
Syncerina  (the  African  buffalo).  The  Asian  and  the  African  buffaloes  are
classified under the genus names Bubalus and Syncerus, respectively, which are
generally similar despite some anatomic differences between them.

The African buffalo (Syncerina group) includes only one species (Syncerus caffer)
and some subspecies. The Asian buffalo (Bubalus) includes three different buffalo
species:  Anoa  (Bubalus  depressicornis)  from  the  Island  of  Celebes,  Tamaraw
(Bubalus  mindorensis)  from the  Island  of  Mindoro  in  the  Philippines  and  Arni
(Bubalus arnee) or the Indian wild buffalo. Of these four species of African and
Asian  buffaloes  only  the  Indian  wild  buffalo,  Arni  has  been  domesticated  and
received  the  species  name  bubalis.  The  other  three  types  have  not  been
domesticated.  The  domestic  buffalo  is  presently  raised  in  the  world  under  the
name water buffalo and is classified as Bubalus bubalis [1].

Information about the origin and domestication period of the Indian wild buffalo
is  lost  back  in  ancient  times,  although  archeological  evidence  shows  that  both
Asia and Europe have relied on water buffaloes for a very long time. According to
Shalash [2], there is archeological evidence of buffalo domestication dating back
to 2,000 BC in Mesopotamia and the valley of Indus. In 1980, Prof. Sieh Chen-
Hsia of Nanking Agricultural College, China, however, reported on more recent
archeological investigations in China (Chekiang Province) which give grounds to
the assumption that the domestication of the buffalo has started 7,000 years ago.
On the contrary, Bhat [3] believes that this has happened about 5,000 years ago on
the  Indian  sub-continent,  more  precisely  in  the  valley  of  Indus.  Their  horns,
coarse skin, wide muzzles, and low-carried heads have been represented on seals
struck  since  5,000  years  ago  in  the  Indus  Valley,  suggesting  that  in  India  and
Pakistan  such  animals  had  been  already  domesticated  since  that  time.
Accordingly,  the  domestication  of  swamp  buffaloes  also  took  place  in  China
independently  about  1,000  years  later  [4].

Water  buffalo  did  spread  widely  all  over  Asia  and  was  introduced  in  parts  of
Europe, the Near East and Egypt, the Caucasian region of the former USSR and
later in South America. Buffaloes were probably unknown to ancient Egyptians,
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Romans and Greeks and this is  possibly the reason why such animals have not
been mentioned in their literature or seen in their arts; nevertheless buffaloes were
used  in  China  4,000  years  ago.  Arabs  began  moving  the  buffaloes  from
Mesopotamia around 600 A.D. to the Near East (today Syria, Israel and Turkey),
whereas the same animals were introduced by pilgrims and crusaders from their
return  from the  Holy  Land into  Europe  in  the  Middle  Ages.  Buffaloes  adapted
well to the malaric Pontine marshes characterizing the southeast area of Rome and
south of Naples, and established themselves also in other territories today known
as  Hungary,  Romania,  Yugoslavia,  Greece  and  Bulgaria,  and  stayed  there  ever
since. In Egypt, medieval villagers began adopting and using the buffaloes, and
have  remained  since  then  even  in  modern  Egypt  the  most  important  domestic
animals, in fact doubling the population up to a million heads in the course of the
last 50 years [1, 4].

Since 84 years ago, Brazil invested into buffalo production by importing groups
of animals mostly from Italy and India. A similar attitude has been witnessed also
in nearby countries like Trinidad by importing buffaloes from India in the early
90s, whereas other countries like Venezuela, Colombia and Guyana have become
familiar  with  buffalo  import  much  more  recently.  Similarly,  some  remaining
countries of the American continent like Costa Rica, Ecuador, Cayenne, Panama
and Suriname began importing small herds of buffaloes in the 70s.

Even  in  Papua  New  Guinea,  the  buffaloes  have  been  imported  and  the  new
environment has been fitting the new species very well. Comforted by such good
results, in the 60s scientists evaluated buffalo performances in Papua New Guinea
and  more  animals  were  imported  from  Australia.  As  a  result,  the  whole  lot  of
buffaloes introduced have been performing so well that they have out-performed
the  cattle  counterpart  both  in  terms  of  born  calves  and  meat  produced.  In  fact,
buffaloes differently from cattle, as it also happens elsewhere, are able to maintain
their physiological functions and appetite, despite the heat and humidity typical of
the  region.  For  these  reasons  the  government  of  Papua  New  Guinea  has  since
decided  to  import  additional  water  buffaloes  along  the  years,  reaching  today  a
total of almost 3,500 heads.

Buffaloes  have  not  been  recognized  for  their  potential  for  a  long  time  in  the
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United  States,  until  the  first  herd  of  50  heads  was  imported  for  commercial
farming at the end of the 70s. Such animals with time showed their potential along
the  farm  fields  of  Florida  and  Louisiana,  and  have  now  become  the  center  of
interest in many U.S. Universities and farm circles.

The  domestication  of  the  Indian  wild  buffalo  went  on  with  different  intensity
through  the  ages  and  is  not  over  yet.  Most  of  these  buffaloes  have  been  fully
domesticated  and  their  existence  is  closely  related  to  human  life  since  ancient
times while others have been only tamed and used to satisfy basic human needs in
some parts of the world.  Together,  these two groups of the Indian wild buffalo
represent the total water buffalo world population. Currently, however, there are
still  some carefully  maintained  Indian  wild  buffalo  herds  in  India  and  in  some
other countries and its non-domesticated type is widely spread in Australia [1, 4].

3. DISTRIBUTION

In  the  world,  the  buffalo  (Bubalus  bubalis)  population  is  around  168  million
heads, of which the majority can be found in Asia with 161 million (95.8%), in
Africa, almost entirely in Egypt, with 3.7 million (2.2%), in South America with
3.3 million (1.9%), in Australia with 40,000 (0.02%) and in Europe with 500,000
(0.3%).

A comprehensive  study on the  distribution  of  water  buffaloes  across  the  world
was done by Borghese [5], which can be briefly summarized below:

Asia

India is the first country in the world with regard to the number of buffalo heads●

(95 million – 56.5% of the total world buffalo population) and milk production
with  134  million  tons  produced.  In  this  country  some  of  the  best  and  more
productive  River  milk  breeds  are  originated,  such as  Murrah,  Nili-Ravi,  Surti
and Jaffarabadi. In addition, this country in Asia can be considered the first and
most  important  one  in  terms  of  scientific  and  technological  development  in
several areas of enquiry such as nutrition, production, reproductive technologies
and genetic improvement.
China developed a huge variety of buffalo genetic resources belonging all to the●
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swamp  type.  They  are  distributed  in  different  regions  (i.e.,  those  that  live  in
lowlands  and  in  mountains).  Breeds  of  the  lowlands  are  the  Binhu  breed
(461,000 heads) in the Hunan province, the Xinyang breed (290,000 heads) in
the Henan province, the Enshi breed (77,000 heads) in Hubei, the Fuan breed
(70,000  heads)  in  the  Fujian  province,  the  Yanjin  breed  (45,000  heads)  in
Yunnan, the Xinglong breed (24,000 heads) in Hainan and the Wenzhou breed
(10,000 heads) in Zhejiang [6].
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  heads)  in
Jiangshu and the Shanghai breed (36,000 heads) around the city of Shanghai.
The 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 heads) in Sichuan, the Dehong (390,000
heads), the Diandong (220,000 heads) in Yunnan, the Dechang (190,000 heads)
in Sichuan, the Xilin (59,000 heads), the Fuzhong (57,000 heads) in Guanxi and
the Dongliu (27,000 heads) in the Anhui province.
Pakistan  has  22  million  head  of  buffaloes  wherein  76  percent  of  which  are●

found  in  the  Punjab  and  the  remaining  24  percent  are  located  in  Sind,  North
West Frontier Provinces and Baluchistan. The buffalo is considered as the main
dairy animal in the country.
The Philippines has 3.2 million Carabao buffaloes, where 99 percent belong to●

small farmers.
Bangladesh  had  a  total  buffalo  population  of  772,764  heads  in  2003.  These●

buffaloes  are  found  in  the  Bramhaputra-Jamuna  flood  plain  of  central
Bangladesh,  the  Ganges-Meghna  flood  plain  of  southern  Bangladesh  and  in
institutional  herds.
The buffalo population in Thailand at present is about 1.7 million and is tending●

to  decrease  gradually.  In  the  past  Thailand  had  the  second  largest  number  of
swamp  buffaloes  in  the  world.  However  this  buffalo  population  drastically
declined  from  4.7  million  in  1990  to  1.9  million  in  1998.
In 1985,  the total  buffalo population in  Indonesia  was 3,245,000,  whereas  in●

1993,  the  total  population  was  3,238,000,  with  Jawa Barat  487,000,  DI  Aceh
454,000,  Sulawesi  Selatan  342,000,  Sumatra  Utara  265,000,  Jawah  Tengah
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232,000, Sumatra Barat 228,000, Nusa Tenggara Barat 227,000, Nusa Tenggara
Timur 167,000, and Sumatra Selatan 152,000, while the remaining population in
each province was less than 100,000.
The total buffalo population in Malaysia is about 170,000, of which 60 percent●

is  mostly  concentrated  in  the  rice  growing  states  of  Kelantan,  Terengganu,
Kedah and Pahang in West Malaysia. Buffaloes in Malaysia belongs also to the
river  and  swamp  types.  The  population  of  river  buffaloes  is  less  than  2,000
heads of Murrah from India.

Mediterranean Area

In the Mediterranean region comprising European countries and countries of the
Near East, the buffalo population is around 5.5 million heads, which is 3.4% of
the total buffalo world population.

According to FAO statistics available in 1974, there were around one million●

heads in Turkey. A decrease in the buffalo population of 65% has been noted
from 1984 to 1997, as a consequence of a preference in breeding practices in
cattle as compared to buffalo in the Egean and Marmara regions, where many
buffaloes were originally raised. As of today, only 110,000 buffalo heads remain
in Turkey belonging to the Anatolian breed.
Azerbaijan  has approximately 300,000 buffaloes,  which is  the most  valuable●

buffalo gene pool to be found in the USSR.
There are about 1,000 buffaloes in Armenia.●

In  Iran  in  the  1930s  there  were  around  1,500,000  buffaloes,  with  a  steadily●

reduction to 500,000 by 1995. Buffaloes are mostly found (80%) in the north
and north-west (Azerbaijan province), and a remaining 18% in the south of the
country.  Nowadays,  the  buffalo  population  increases  at  about  a  rate  of  1.3
percent  annually.
In Iraq there were 98,000 total River Khuzestani or Iraqi buffaloes.●

The  total  number  of  buffaloes  in  Egypt  reached  about  3,717,000  in  2003,  of●

which 42 percent were cows, 6 percent buffalo bulls, 32 percent heifers less than
two years old and 20 percent male calves less than two years old.
The buffalo population in Romania was more than 200,000 heads in 1996 [7].●

At  present  there  are  about  100,000  animals  of  the  Mediterranean  breed,
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sometimes  crossbred  with  Bulgarian  Murrah.
The Bulgarian Murrah, which is the new buffalo population in Bulgaria,  was●

created through crossing of Indian Murrah and indigenous Mediterranean, with a
total population of 9,200 heads.
In Italy there are approximately 400,000 heads of the Mediterranean breed.●

America

According  to  recent  data,  the  buffalo  population  in  Venezuela  is  200,000  and
70,000 in Argentina. The present population all over America is about 3,415,000.

Australia

Buffaloes, which are not native in Australia are estimated to be less than 40,000 –
50,000  heads,  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.

Africa

The total population of buffalo in Africa is about 2-3 million.

4. BREEDS AND THEIR CHARACTERISTICS

There are two main types of water buffalo: the swamp and river buffalo.  River
type  buffaloes  are  raised  as  dairy  animals,  but  they  express  also  good  meat
qualities. They are raised mainly for milk, although they can be also used for dual
and triple productive purposes. These animals love to bathe in rivers, irrigation
canals, artificial lakes and swamps.

These types of buffalo include different breeds, usually have curled horns, and are
widely  spread in  many countries  of  the  world,  either  as  pure  breed or  used for
crossing. River buffaloes have a diploid complement of 50 chromosomes, whereas
swamp type have a diploid complement of 48 chromosomes.

In terms of reproduction, river buffaloes have higher calf mortality, later maturity
in  both  sexes,  delayed  resumption  of  the  ovarian  cycle  after  calving,  seasonal
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influence  on  reproduction,  reduced  sperm  quality  of  buffalo  bulls,  and  lower
conception rate when deep frozen semen is used, compared to swamp buffaloes. A
river  buffalo  also  matures  sooner  and  reaches  breeding  age  faster  than  swamp
buffalo.

Based on Egyptian and Bulgarian studies, the full spermatogenic cycle of young
buffalo bulls takes place at about 12 months of age but their first ejaculates can be
obtained at a later age. The active breeding life of the buffalo bulls is from 3-4 to
10 years. Usually, the normal sexual activity goes up to 12 and more years of age
but after about the seventh year the sexual potential starts declining and after the
15th year senile traits are observed. The age of first estrus in buffalo cows varies
within  extremely  wide  limits  depending  on  the  breed,  management  conditions,
nutrition level, season and other factors.

The age at first calving of river buffalo breeds among different countries is quite
high, from 34 to 54 months with extremely large individual variability. In terms of
service period, buffalo cows have a considerably longer service period which is
usually over 100-120 days. Buffaloes also have a longer pregnancy within limits
of 281 to 334 days,  being 300 to 320 days for most  of  them and some ranging
from 299 to 346 days.

Compared  to  swamp  buffaloes,  river  type  buffaloes  have  2  to  4  times  higher
average  milk  yield  per  lactation  but  lower  fat  content  in  milk.  They  also  have
longer  lactation  period  than  the  swamp  buffalo,  which  is  nevertheless  shorter
compared  to  cattle.  It  has  been  found  out  that  the  first  lactation  period  is  the
longest and it decreases with each consecutive lactations.

On  the  other  hand,  swamp  type  buffalo  is  used  mainly  for  draught  and  meat
production. It has a very low milk yield which is hardly enough to feed the buffalo
calves.  It  is  described  as  a  breed  with  a  great  number  of  varieties,  created  in
accordance with the environmental  conditions of the countries and areas where
they are raised. This buffalo type forms the basic buffalo populations of the East
Asian countries. Interestingly, crosses between river and swamp buffaloes have 49
chromosome complement [8].

Most of the swamp buffaloes are dark gray. A comparatively small part of them
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though is albinoid. There are also black-and-white buffaloes in some regions of
Indonesia. It is characteristic of the gray water buffaloes that most of them have
two white chevrons: one is under the lower jaw and the other around the chest.
Some of the animals, however, have only one chevron under the neck.

Usually,  swamp  buffaloes  have  bigger  and  longer  horns  than  cattle.  However,
there are also polled buffaloes. The horn size and setting vary to a great extent. In
most  of  these  animals,  horns  extend  outwards  and  then  curl  backwards  into  a
semi-circle  but  remain  in  the  forehead  plane.  Some  individuals  may  also  have
drooping horns. Buffalo horns are usually long, flat and thick. In some cases they
can be short and thick.

The  average  birth  weight  of  buffalo  calves  is  26-30  kg,  at  8  months  of  age  is
around 125-150 kg and at 1 year is between 135 and 205 kg. The average daily
gain for the period prior to weaning varies within 340-410 g and after weaning
340-750 g. The growth rate of male buffalo calves is insignificantly higher than
females. The average live weight of mature swamp buffalo cows is 350-450 kg
and  that  of  mature  buffalo  bulls  is  450-650  kg.  This  trait  can  vary  extremely
within the population of each country but there are no significant differences in
the average values among different countries.

Limited exterior measurements of mature swamp buffaloes show that the average
height at withers of buffalo cows from different countries is within 120-126 cm,
and within 121-136 cm for buffalo bulls, with an average body length of 121-151
cm and 123-157 cm, respectively, while the average chest girth is within 179-202
cm and 183-209 cm, respectively.

The  swamp  buffalo  has  an  excellent  draught  capacity  but  the  intensity  of  its
utilization  varies  to  a  great  extent  in  different  countries.  Usually  the  use  for
draught starts at about 4 years of age and comes to a close at 12 years and in some
cases even 20 years of  age.  The average daily working time is  5 hours and the
average annual record is between 20 and 146 days. The draught effort equals to
10-14% of their weight. Usually, Asian farmers select the buffaloes for draught at
an age of about 3-3.5 years, the criteria being the body size and height at withers.
In some cases the bulls are castrated before their draught training.
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Swamp buffaloes usually reach sexual maturity at 4 years of age. In many cases,
however, it starts much earlier. The first estrus of buffalo heifers takes place on
the average at about 1.6-3.0 years of age with a very big variation and the first
calving  is  usually  reported  at  an  average  age  of  3.5-4.7,  up  to  5-6  years.  On
average, the estrus cycle is 20-34 days and the estrus duration is 24-42 hours, the
latter  ranging  from 12  hours  to  3-5  days.  Compared  to  the  river  buffaloes,  the
swamp type  has  a  longer  pregnancy  period  which  varies  between  308  and  341
days on average, according to different studies. Most authors, however, accept an
average duration of 330 days. The range for calving interval is 370-670 days. The
conception  rate  of  buffalo  cows  is  lower  compared  to  the  river  type.  The
percentage of calves born varies within extremely large limits from 23 to 82%.
Twins are rare, 0.001-0.015 per 100 buffalo cows.

Along  with  its  main  use  for  draught,  the  swamp  buffalo  is  also  used  for  meat
production in all countries. Usually, old buffaloes are slaughtered after they have
lost or decreased their work ability; therefore, the meat is characterized by very
low quality. In recent years, however, certain steps have been taken to improve
meat quality. Many buffaloes that were previously slaughtered at an age of 15-20
years at 380 kg live weight after losing their work ability, are now being fattened
for 7-8 months before slaughter. Fattening of young bulls has started in order to
obtain  higher  meat  quality.  Studies  of  carcass  traits  of  slaughtered  swamp
buffaloes at a pre-slaughter weight of 300-600 kg show that the average dressing
percent is lower than cattle with a variation between 43 and 53%. The proportion
of net meat is on average 73-75%, carcass length of 111-118 cm and the area of
musculus  longissimus  dorsi  varies  within  an  average  of  33,059  cm2.  Swamp
buffaloes have a very low milk yield which satisfies mainly the needs of buffalo
calves.  Most  of  the  studies  show  that  the  daily  milk  yield  of  recorded  buffalo
cows is only 1-2 kg plus the milk additionally sucked by buffalo calves. In most
Asian countries the average milk yield of swamp buffalo for the lactation period is
250-500 kg.

Many Asian and Latin American countries crossbreed swamp to river buffaloes,
producing a progeny with 49 chromosomes [1]. This practice shows that crossing
the  two buffalo  types  can  produce  fertile  progeny,  although  some studies  have
shown that  male  crossbred  progeny sometimes  display  fertility  problems while
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female progeny may manifest longer calving intervals only in the case of further
backcross [6].

A list of different river and swamp breeds are detailed below:

SWAMP TYPE

Breed: PHILIPPINE CARABAO
Origin: Philippines
Color/Description: Light gray with two stripes or chevron distinct on the ventral
side of the neck, one near the brisket and the other near the jaw. Color is lighter
on the legs and underside of the body and the ears. Horns are generally curved
outward and inward to form the base of the head. The upper surface of the hornes
are characterized by grooves. The body is sufficiently well built to be considered a
type of animal for draft and meat
Average mature weight: 500 kg (male); 420 kg (female)
Milk production: 1.45-2.64 kg/day
Sources [1, 9]

Breed: INDONESIAN BUFFALO Tedong Bonga
Origin: Sulawesi Island, Indonesia
Description: Black and white in color, especially large, with strong muscles
Height at withers of adult male: 127-130 cm
Height at withers of adult female: 124-125 cm
Average body weight: 450-600 kg, can reach up to 800 kg
Sources [1, 5]

Breed:  CHINESE BUFFALO (Binhu breed, Xinyang breed, Enshi breed, Fuan
breed,  Yanjin  breed,  Xinglong  breed,  Wenzhou  breed,  Haizi  breed,  Shanghai
breed,  Guizhou  breed,  Fuling  breed,  Dehong  breed,  Diandong  breed,  Dechang
breed, Xilin breed, Fuzhong breed, Dongliu breed)
Origin: China
Population size: 22,759 million
Description: 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. Coat
color is grey, with varying intensities: from deep grey and blackish grey to brown,
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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. Chinese buffaloes
are used for draught, often as their only task.
Height at withers of adult female: 120.1-123.8 cm (hill and mountain type)
Average  body  weight:  607.8  kg  (Haizi),  616.5  kg  (Shanghai),  400.5-496.1  kg
(hill and mountain type)
All lactation total yield: 441-1,031 kg
All lactation length: 210-300 days
Sources [1, 5]

Breed: VIETNAMESE BUFFALO (Nghe-an, Thanh-hoa, Thuan-hai)
Origin: Vietnam
Description:  They  are  divided  ecologically  into  the  mountainous  and  plain
buffalo.  They  are  mainly  raised  for  work  and  meat.  Vietnamese  buffaloes  are
characterized  by  an  extremely  high  work  ability,  disease  resistance  and  good
growth  rate.  Puberty  takes  place  after  3  years  of  age.
Average body weight: 400-420 kg (heifer), 370-420 kg, others may reach up to
500-600 kg (buffalo cow)
All lactation total yield: 500 kg per lactation
Sources [1, 5]

Breed: THAILAND BUFFALO
Origin: Thailand
Description: Swamp buffaloes are indigenous in Thailand, and most of them are
completely black in color, with only few exceptions of white coat. Such animals
are not albino, because their white color is due to some peculiar genetic effects.
Average mature weight: 450 – 600 kg (mature male)
Source [10]

RIVER TYPE

Breed: AMERICAN MURRAH
Origin: USA
Description: This breed has well expressed body forms, characteristic of a meat-
type animal; the growth rate and fattening ability are good, with broad, massive
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body conformation. This breed has no record yet as an individual breed of buffalo.
Milk yield: 3-4 kg/day
Sources [1, 9]

Breed: ANATOLIAN
The  Anatolian  buffalo  originated  from  Indian  migration  (7th  century)  in
correspondence  with  the  expansion  of  Islam,  and  was  raised  in  Turkey  for
centuries.
Description: Black in color, long hair, with variation in tail length and frequent
white switch.
Height at withers of adult male: 138 cm, body weight is 200-500 kg
Height at withers of adult female: 138 cm, body weight is 200-500 kg
Average slaughter weight: 300-350 kg, at the age of 18-20 months
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
Source [5]

Breed: AZERI or CAUCASIAN
This  breed  originates  from  the  Indo  valley  (Indian  buffalo).  There  is  some
evidence  that  buffaloes  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.
Origin: Azerbaijan
Description:  Overall  impression is  strong and coarse,  but dragged rump, small
udder, inadequate leg setting and poor muscles are some exterior disadvantages.
Buffaloes  are  medium  size  and  have  different  appearance;  color  ranges  within
dark brown, dark gray and black with black and red hues, often with lighter legs;
similar to Surti by appearance; horns are thick, medium sized, pointed backwards
with the top pointed forwards and inwards; chest is deep but medium wide; legs
are stout and coarse; udder is bell-shaped but not very well developed, being small
in most cases.
Height at withers of adult male: 137 cm, body weight is 400-600 kg
Height at withers of adult female: 133 cm, body weight is 400-600 kg
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Average mature weight: 550-600 kg (female)
Lactation duration: 200-220 days
Milk yield: 1,200-1,300 kg
Milk fat: 6.6 percent
Sources [1, 5]

Breed: BANGLADESHI
Population size: 5,000
Description: Black in color, 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 with exotic breeds: Nili-Ravi and Murrah type.
Source [5]

Breed: 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.
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 color ring. Tail switch is white or black and white. Horns are short
and grow backwards.
Height at withers of adult male: 128 cm, body weight is 475 kg
Height at withers of adult female: 124 cm, body weight is 425 kg
Average body weight: 385.5 kg
Age at first calving: 48.6±0.58 months
First lactation 305 days or less yield: 711±25 kg
All lactation 305 days or less yield: 812±23 kg
All lactation total yield: 781±29 kg
All lactation length: 272±4 days
Average fat: 7.2±0.4 to 13 percent
Average dry period: 297±24 days
Sources [1, 5]

Breed: BUFALYPSO
Description: The only meat breed of the river type water buffalo that was created
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by crossing 6-7 different famous breeds of the river water buffalo from the Indian
subcontinent Nili, Ravi, Jafarabadi, Surti, Nagpuri, Bhadawari, and Murrah. It has
a well expressed body forms, characteristic of a meat type animals. Growth rate
and fattening ability are very good; at the same time, it also has very good meat
qualities,  fat  is  white,  the  meat  is  marbled,  very  tasty  and  there  is  almost  no
difference  from  beef.  Hair  coat  is  usually  brown  to  copper-brown  with  an
occasionally gray hair color of the legs. Some have white spots on the forehead
and a small white strip on the tailhead; horns are small and curled wider, they are
flat, compact, pointed backwards, upwards, and inwards with slightly sharp ends;
neck  is  thick,  the  withers  is  high,  back  line  is  straight  and  rump  is  slightly
dragged.
Overall growth rate: 726 g
Source [1]

Breed: 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.
Origin: Bulgaria
Description:  Developed  by  upgrading  Bulgarian  Mediterranean  buffalo  with
Indian  Murrah  (75%).  It  is  very  similar  to  the  Indian  Murrah  by  type  and
conformation and sometimes cannot be differentiated from it. The neck is long,
thin,  and with very thin folds;  the chest  is  wide and deep; the rump is  straight,
medium, long and wide;  the body is  long,  bones are  prominent  and strong;  the
milk veins are well shaped; the udder is well shaped and developed. Gray to rusty
brown  hair;  horns  coil  downward  and  upward  to  form  a  hook;  wedge  shaped
conformation.  In  bulls,  the  front  is  more  developed  while  the  hind  portion  is
narrow; two streaks of white markings are evident around the jaw from ear to ear
and the other lower down the brisket.
Body weight of adult male: 700 kg
Body weight of adult female: 600 kg
Average slaughter weight: 400 kg, at the age of 16 months
Lactation duration: 270-305 days
Milk yield: 1,800 kg
Milk fat: 7.04 percent
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Sources [1, 5, 9]

Breed: EGYPTIAN
Buffaloes  were  introduced  into  Egypt  from  India,  Iran  and  Iraq  approximately
during the middle of the 7th Century. The distinction between the different types of
Egyptian buffaloes  is  only  environmental.  It  is  the  most  important  and popular
livestock for milk production in Egypt.
Description: it consists of two main types: Saidi (bred in South Egypt) which is
small, almost black, hairy and poor milkers and Beheri (North Egypt) big, gray in
color with smooth skin and better milkers. Both are multi-purpose animals, used
mainly for milk, meat and additionally as draught power in some regions. They
are small to medium size with no distinct conformation. Udder teats are not well
conformed to be similar in shape, size or length.

They are blackish grey in color, 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: 178 cm, body weight is 600 kg
Height at withers of adult female: 144 cm, body weight is 500 kg
Lactation duration: 210-280 days
Milk yield: 1,200-2,100 kg
Milk fat: 6.5-7.0 percent
Sources [1, 5]

Breed: JAFARABADI
The existence of the Jafarabadi breed in Gujarat (India) goes back to 1938.
Description:  One of the high milk yielding buffalo breeds but of late maturity;
has an amber-black color with a white tuft on the tail; body is massive, neck is
long and tender, head is big and heavy; horns are heavy and wide, declining and
falling down on both sides of the neck, curled backwards and upwards; crown and
forehead are occupied to a great  extent by the bottom of the horns;  forehead is
largely protruding; body is long but not compact; chest is wide and deep; udder is
very well  developed with well  shaped long teats,  with strongly prominent milk
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veins observed.
Height at withers of adult male: 142 cm, body weight varies from 600 to 1,500
kg
Height at withers of adult female: 140 cm, body weight is about 550 kg, some
individuals may weigh as much as 700-800 kg
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).
Age at first calving: 1,925±196 days
All lactation length: 320.1±11.6 days
Average fat: 7.7±1.0 percent
Average dry period: 159.8±10.9 days
Sources [1, 5]

Breed: JERANGI
Description:  Black in color,  with small  horns running backwards.  It  is  a  small
animal. It is localized along the border of Orissa with Andhra Pradesh.
Source [5]

Breed: KUHZESTANI or IRAQI BUFFALO
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: 148 cm, body weight is 800 kg
Height at withers of adult female: 141 cm, body weight is 600 kg
Overall growth rate: 580 g/day
Lactation duration: 200-270 days
Milk yield: 1,300-1,400 kg
Milk fat: 6.6 percent
Sources [1, 5]

Breed: KUNDI
Domestication of  draught  animals  in  the  Indus  valley civilization is  referred to
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about 4,500 years ago. It is the second most important breed in Pakistan.
Origin: Pakistan
Description:  Originates from Murrah; mostly colored black, but some are light
brown; horns are thick at the bottom, bent backwards and pointed upwards with a
moderate curve at the end; head is small, forehead is slightly prominent, face is
hollow and eyes are small; hindquarters are massive; udder is well developed with
prominent milk veins and teats are squarely placed; tail is long with a black tuft.
Height at withers of adult male: 135 cm, body weight is 700 kg
Height at withers of adult female: 125 cm, body weight is 600 kg
Lactation duration: 320 days
Milk yield: 2,000 kg
Milk fat: 7.0 percent
Milk protein: 6.0 percent
Sources [1, 5]

Breed: LIME
It is thought that the pure Lime breed may have originated from the wild Arna,
and  it  has  been  domesticated  along  the  known  history  of  Nepal.  This  breed
amounts to the 35 percent of the total indigenous buffalo population, to be found
throughout the hills and mountains of the country.
Description: Light brown color, 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: 115 cm, body weight is 399 kg
Lactation duration: 351 days
Milk yield: 875 kg
Milk fat: 7.0 percent
Source [5]

Breed: MANDA
This is an improved local breed, resulting from the selection of Indian breeds of
buffaloes.
Description: color: grey, brown.
Milk yield: 4 kg/day
Source [5]
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Breed: 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.
Description:  These  buffaloes  have  similar  conformation  in  different  European
countries  although  some  separate  types  have  been  developed  in  the  course  of
centuries as a result of the different environmental conditions of the regions and
countries. Buffalo in Bulgaria is represented by two varieties, the plain type and
the semi-mountainous type. In Romania, this breed also includes two types, the
lighter one in the valley of the Danube River and the heavier one in Transylvania
while only one type is  characterized in Italy.  They are mostly black,  black and
brown and dark gray; have a white tuft on the tail and some have a white mark on
the forehead; horns are medium, long, flat in the bottom, pointed backwards and
slightly outwards and straightened backwards, the top is pointed inwards; head is
comparatively long; compact body conformation, with deep and wide chest and
well developed pectoral; back is short and in some cases hollow; rump is wide but
short  and  sometimes  dragged  and  eave-shaped;  tail  is  thin  and  short;  legs  are
short,  thick,  with  a  strong  hoof  horn;  udder  is  medium  with  squarely  placed
quarters  and  halves,  teats  are  cylindrical  and  set  wide  apart  but  they  are  often
pressed at the bottom. Italian Mediterranean buffaloes have an udder best shaped
and suitable for machine milking.
Average mature weight: 569 kg (Bulgarian), 550-650 kg (Italian), 487-565 kg
(Romanian)
Lactation duration: 270 days
Milk yield: 900-4,000 kg
Milk fat: 8.0 percent
Milk protein: 4.2-4.6 percent
Sources [1, 5]

Breed: MESHANA
The existence of the Meshana breed in north Gujarat, India, is referred to 1940.
This breed is the result of selection of Indian breeds of buffalo.
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Description: Characteristics can be described as intermediate between Surti and
Murrah. Jet black skin and hair are preferred. Horns are sickle-shaped but more
curved than the Surti. The udder is well developed and well set. Milk veins are
prominent.
Body weight of adult male: 570 kg
Body weight of adult female: 430 kg
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
Source [5]

Breed: 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.
Description: The color is jet black with white switch in the tail, while the skin
texture is soft and fine. The horns are tightly and spirally curved, and the animals
are  in  general  massive  and  very  well  built.  Neck  and  head  are  light  with  short
limbs, broad hips and drooping quarter and wedge shaped conformations. Udder
and  teats  are  well  developed,  with  teats  black,  long  and  stout.  The  animal  is
placid.
Height at withers of adult male: 142 cm, body weight is 750 kg
Height at withers of adult female: 133 cm, body weight is 650 kg
Lactation duration: 305 days
Milk yield: 1,800 kg
Milk fat: 7.2 percent
Average body weight: 495 kg
Age at first calving: 50.6±2.0 months
Average fat: 6.70 percent
Sources [1, 3, 9]

Breed: NAGPURI
It  is  an  improved  local  breed,  the  result  of  a  selection  of  Indian  breeds  of
buffaloes.
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Description: Black in color, 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: 140 cm, body weight is 522 kg
Height at withers of adult female: 130 cm, body weight is 408 kg
Lactation duration: 243 days
Milk yield: 825 kg
Milk fat: 7.0 percent
Sources [1, 5]

Breed: NILI-RAVI
Domestication of  draught  animals  in  the  Indus  valley civilization is  referred to
have started about 4,500 years ago. Nili and Ravi were two different breeds until
1950,  but  after  this  period  it  became  difficult  to  distinguish  the  two  breeds,
possibly  due  to  the  adoption  of  similar  selection  criteria  among  breeders.
Therefore  the  name Nili  Ravi  became popular  and such breed  is  nowadays  the
most important livestock in Pakistan, although it is also present in India and in the
Punjab.  The  most  important  difference  between  Murrah  and  Nili-Ravi  is
represented by the white markings on the extremities and walled eyes. The horns
are  less  curled  than  Murrah,  and  the  udder  is  well  shaped  and  extends  well
forward  up  to  the  naval  flaps.
Origin: Pakistan
Description:  Usually black with white  markings on the forehead,  muzzle,  face
and legs; white switch and wall eyes; horns are small and lightly coiled; medium-
sized  deep  frame  with  elongated,  coarse  and  heavy  head,  bulging  at  the  top,
depressed  between  the  eyes  and  ending  in  a  fine  muzzle.
Height at withers of adult male: 135 cm, body weight is 700 kg
Height at withers of adult female: 125 cm, body weight is 600 kg
Lactation duration: 305 days
Milk yield: 2,000 kg
Milk fat: 6.5 percent
Products: Milk, ghee, cream, meat.
First lactation total yield: 1,571 kg
Sources [1, 5, 9]
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Breed: PARKOTE
Parkote buffaloes live the mid-hills and river valleys of Nepal. Their pure form is
now declining due to the traditional practice of crossbreeding with Lime buffalo
and in addition and in more recent times, crossbreeding with the Indian Murrah.
At  present  the  purebreed  population  is  estimated  to  be  only  25  percent  of  the
indigenous population within the hills and mountains of Nepal.
Description: The Parkote are dark in coat color 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.
Height at withers of adult female: 114 cm, body weight is 410 kg
Lactation duration: 351 days
Milk yield: 875 kg
Milk fat: 7.0 percent
Source [5]

Breed: SAMBALPURI
Description:  Black  in  color,  with  white  switch  on  tail,  with  narrow  and  short
horns, curved in a semi-circle, running backward, then forward at the tip.
Lactation duration: 350 days
Milk yield: 2,400 kg
Source [5]

Breed: SURTI
The existence of the Surti breed in north Gujarat (India) is referred to 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.
Origin: India
Description:  Black  color  coat,  skin  is  black  or  reddish.  They  have  two  white
chevrons on the chest. Animals are characterized and preferred by white markings
on the forehead, legs and tail tips. Horns are flat, of medium length, sickle shaped
and are are directed downward and backward, turning then 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: 131 cm; body weight is 700 kg
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Height at withers of adult female: 124 cm; body weight is 550-650 kg
Lactation duration: 350 days
Milk yield: 2,090 kg
Milk fat: 6.6-8.1 percent
Milk protein: 4.2-4.6 percent
Sources [5, 9]

Breed: TARAI
Description: Black to brown color 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: 127 cm; body weight is 375 kg
Height at withers of adult female: 120 cm; body weight is 325 kg
Lactation duration: 250 days
Milk yield: 450 kg
Milk fat: 6.6-8.1 percent
Milk protein: 4.2-4.6 percent
Source [5]

Breed: TODA
Population size: 6,000
Description: Unicolor, light or dark grey. Horns are set wide apart with curved
tip inwards, outward and forward. They are large and powerful animals.
Height at withers of adult male: 160 cm; body weight is 380 kg
Height at withers of adult female: 150 cm; body weight is 380 kg
Lactation duration: 200 days
Milk yield: 500 kg
Source [5]

DESI

Along with the river and swamp buffalo types, some authors [2, 11] add the third
group  of  buffaloes,  known  in  India  and  Pakistan  as  Desi.  This  group  was
neglected in the classification for a long time but it  includes a great number of
buffaloes  raised  in  these  countries.  They  are  strong  and  resilient  crosses  of
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unidentified  breeds  obtained  as  a  result  of  random  and  uncontrolled  crossing
between different buffalo breeds in rural conditions. The Desi buffaloes vary in
horn construction, which are usually twisted or sickle-shaped. Most of them are
used for draught and others are raised as dairy animals on small farms. They have
good meat production.

The African buffalo (Syncerina) mentioned in the classification still exists in the
wild in some African countries. As a result of hunting, however, the number of
these wild buffaloes has greatly decreased lately [1]. There are over 60 varieties of
African wild buffaloes. However, due to the fact that there is not enough evidence
of the existence of so many species and sub-species, Shalash [2] identifies three
groups of African wild buffaloes:

Cape buffalo (Syncerus caffer caffer) - also known as the Caffer wild buffalo1.
that lives in the savanna areas of East and South Africa.
Wild Congo buffaloes (Syncerus caffer nanus) - those that live in the equatorial2.
forests or their outskirts; smaller than the Cape buffaloes.
Intermediate forms of wild African Cape and Congo buffaloes (Syncerus caffer3.
aqeauinoctialis) - living in the savanna areas.

The  wild  African  buffaloes  are  extremely  resilient  in  the  unfavorable
environmental conditions they live in, characterized with periodic droughts and
scarce  feed,  endemic  diseases  and  parasite  problems,  etc.  considering  the
scientific experience with the Asian buffalo domestication in Australia, it can be
assumed that the wild African buffalo domestication is also possible.

According to Shalash [2], the total number of wild African and Asian buffaloes is
about  5  million.  He  also  points  out  that  river  type  accounts  for  the  greatest
proportion  of  the  total  number  of  the  domestic  water  buffaloes  in  the  world  –
70.3% (including the Mediterranean buffalo) and the other 29.7% belong to the
swamp type.

5. GENETIC IMPROVEMENT

Crossing  between  river  and  swamp  buffaloes  is  mainly  carried  out  in  some
countries  of  East  and  South  East  Asia  to  increase  the  milk  yield  of  swamp
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buffaloes. For most of them, the crossing is accomplished with Murrah and Nili-
Ravi only in a couple of countries. Genetic studies using karyotyping of different
genotypes  of  swamp  and  river  buffaloes  further  marked  their  differences.  The
swamp  buffalo  has  48  chromosome  number  while  the  river  type  has  50.
Crossbreeds between these two types, carry 49 chromosome complement which
inevitably  may  affect  the  outcome  in  terms  of  productive  and  reproductive
performances  [8].

China started crossing swamp buffalo with Murrah and Nili-Ravi in 1957, where a
national  program  for  the  creation  of  triple-breed  crosses  was  successfully
implemented.  First,  they  import  55  Murrah  buffaloes  which  were  used  for
crossing with swamp buffaloes. Then in 1974, artificial insemination with deep-
frozen semen was implemented, resulting in an encouraging production of 10,000
crosses.  In  1974,  a  new  import  of  river  buffaloes,  this  time  50  Nili-Ravi  from
Pakistan, was included as a second breed in the crossing program started in 1977.
Crossing of F1 crosses Murrah x swamp buffalo with Nili-Ravi breed started in
Guangxi for the creation of a new triple-breed milk-and-meat buffalo type with
50%  blood  of  Nili-Ravi,  25%  of  Murrah  and  25%  of  the  indigenous  swamp
buffalo.  This  experimental  crossing  expanded,  including  also  several  Southern
provinces. At the end of 1988, there were 800 purebred Murrah buffaloes in the
country, 150 Nili-Ravi and about 200,000 crosses [1].

Alexiev [1] comprehensively presented the findings of Xiao and Jianxin in China
in 1988 and 1990, respectively. They reported that Murrah crosses were superior
to  the  swamp buffalo  by conformation and milk  yield  with  maintained draught
ability. Milk yield increased with the increase of the genetic input from Murrah.
The F1 crosses (50% Murrah blood) had an average milk yield of 1,097-1,154 kg
and those with 75% Murrah blood a milk yield of 1,540 kg with 8.5% fat, 5.15%
protein  and  5.55% lactose.  In  fattening,  the  crosses  had  a  higher  average  daily
gain and lower feed conversion ratio.  Compared to Murrah,  the crossing of the
swamp buffalo with Nili-Ravi produced better results. The F1 Nili-Ravi crosses
were superior to those of Murrah by growth rate. For a 308-day lactation period
they had an average milk yield of 2,125 kg with 7.9% fat and 4.5% protein. The
fat content, however, was at a lower level. Nili-Ravi crosses had an average milk
yield for first lactation of 1,825 kg, second lactation 2,087 kg and third lactation
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2,096 kg with 7.94% fat, 4.90% protein and 4.53% lactose. The maximum daily
milk yield was 19.9 kg.

Compared  to  the  F1  Murrah  and  Nili-Ravi  crosses,  the  triple-breed  crosses
produced much better results. Those crosses had an average milk yield of 2,119.7
kg for a 292-day lactation period and its average milk yield was 2,389.9 kg with
8.0% fat  at  a  maximum individual  milk  yield  of  4,342.4  kg.  For  the  period  of
1980-1984, the triple-breed crosses had an average milk yield for first lactation of
2,100.7 kg, second lactation 2,574 kg and third lactation 2,704.9 kg with 8.11%
fat, 4.71% protein and 5.01% lactose. An average live weight for the triple-breed
buffalo cows was of 665 kg, and milk yield of 2,236 kg with 7.8% fat and 4.5%
protein. Again, according to Alexiev [1], the live weight and milk yield decreased
in within-breeding of triple x triple-breed crosses.

The triple-breed crosses are large animals with a higher hind part, well developed
udder,  well  developed  muscles  and  lighter  bone  structure.  The  horns  are  more
curled than those of the Murrah crosses. The hair color is dark gray. Some of the
animals have white spots on the forehead. The white chevrons across the chest are
rare. The animals have a mild temperament due to the 50% Nili-Ravi blood. As a
result  of  the  crossing,  the  dressing  percent  improved  as  well,  increasing  from
46.9% for the swamp buffalo to 49.0% for the F1 Murrah crosses, 51.9% for Nili-
Ravi  and  53.5%  for  the  triple-breed  crosses.  Days  of  pregnancy  were  also
decreased  from  330  days  for  the  swamp  buffalo  to  305.5-310.3  days  for  the
purebred animals and different crosses. The triple-breed crosses had a 175 days
shorter generation interval [1].

The experiments also showed that the F1 crosses of Nili-Ravi x swamp buffalo
rank second by milk yield, which is a good reason to expect a positive result from
the  following  upgrading  crossing  with  Nili-Ravi.  Chinese  experience  is  a
convincing proof of the fact that the milk yield capacity of the indigenous swamp
buffalo can be significantly increased only by its crossing with river type breeds,
the best results being achieved in the triple breed crosses. As a matter of fact, this
is a new synthetic milk buffalo type, created for the first time in the world buffalo
practice.
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In  the  Philippines,  a  large  scale  national  program  for  crossing  the  indigenous
buffalo Carabao with Murrah river type buffalo is in effect. The beginning was set
in 1981, spearheaded then by the Philippine Carabao Research and Development
Center  (PCRDC),  now  the  Philippine  Carabao  Center  (PCC),  with  the
development of the first breeding program in the country, intended for milk yield
increase of the Philippine swamp buffalo Carabao. Initially test crossing with the
breeds Murrah and Nili-Ravi was performed in three phases, for the creation of
crosses with 50% blood of those two breeds of the river type with improved size,
milk and meat  productivity  but  with  maintained work ability  of  the indigenous
Carabao. For the purpose of this crossing deep-frozen semen doses of Murrah and
Nili-Ravi were even imported from India and Pakistan, respectively.

These obtained crosses have shown a better growth rate than the swamp buffalo,
The average live weight at birth of the Carabao calves, was 26 kg, 35 kg for F1
Murrah crosses and F1 Nili-Ravi crosses. At 12 months of age the average live
weight of the breed groups was 160, 210 and 215 kg, respectively; at 18 months it
was 204, 281 and 283 kg, respectively; at 24 months it was 239, 318 and 332 kg,
respectively and at 36 months it was 305, 462 and 460 kg, respectively.

The average milk yield for the first lactation of Carabao buffalo cows from the
control  group  was  259.4  kg,  from  purebred  Murrah  was  1,804.4  kg,  from  F1
Murrah crosses was 705.6 kg, and from the F1 Nili-Ravi crosses was 623.1 kg. In
other words, compared to the swamp buffalo, the F1 Murrah and Nili-Ravi crosses
have demonstrated higher milk yield 2.4 and 2.7 times, respectively.

Crossbreeding of swamp buffalo with Murrah buffaloes to improve draft ability
resulted into a crossbreed characterized by lighter bodyweights than the swamp
buffalo at the same age, while the working ability of the crossbreed having the
same  body  weight  and  heat  resistance  was  comparable  to  the  local  buffalo.
Crossbred animals were superior to local swamp buffaloes in terms of working
ability, i.e., draft power, area plowed per unit time, plowing speed, and duration of
work [9].

The studies on reproductive characteristics showed that the F1 crosses of Murrah
and Nili-Ravi reach age of puberty, first fertilization and first calving about a year
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earlier compared to the Carabao. No significant differences were established in
the remaining reproductive traits. The crossing of the swamp buffalo with Murrah
has also been carried out to a limited extent in Thailand, Malaysia, Indonesia and
Vietnam.

In the Thai trials,  the average live weight at  weaning of the indigenous swamp
buffalo calves was 189 kg, for Murrah 201 kg, for crosses with 50% Murrah blood
212  kg  and  for  crosses  with  75%  Murrah  blood  175  kg.  At  the  age  of  1  year
weights were 241, 242, 240 and 213 kg, respectively. The result on milk yield on
the Government Farm at the Livestock Breeding Station in Nongkwang, Rajaburi
Province, show that the average lactation milk yield of the swamp buffalo cows is
447 kg, for Murrah 1,105 kg and for their crosses 1,113 kg with an average fat
content  of  8.8%,7.6%  and  8.6%  respectively  [1].  This  type  or  crossing  is  also
carried  out  in  some  Latin  American  countries,  raising  swamp  buffaloes  of
different  origin.
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CHAPTER 2

The Cytogenetics of the Water Buffalo
Alessandra Iannuzzi* and Leopoldo Iannuzzi
National  Research  Council  (CNR),  Institute  of  Animal  Production  Systems  in  Mediterranean
Environment (ISPAAM), Laboratory of Animal Cytogenetics and Gene Mapping, Naples, Italy

Abstract:  Though  world  buffalo  population  is  about  1/9  of  cattle  population,  more
human beings depend from buffaloes, especially in South-East Asia. Indeed, there are
about 168 million water buffaloes in the world, mostly (161 million) raised in Asia.
The  River  buffalo  has  received  great  attention  from  West  countries  which  are
particularly interested to both milk and meat production. For this reason, the genetic
improvement of buffaloes still remains one of the most important goal in this species.
Cytogenetic is one of the biotechnologies which supports the genetic improvement of
buffaloes, especially for the selection of reproducers. In this chapter, an update of the
latest  results  obtained  in  the  cytogenetics  of  buffaloes  is  reported,  starting  from  its
cytotaxonomy  and  going  through  clinical  and  molecular  cytogenetics,  cytogenetic
investigations  and  breeding  objectives.

Keywords: Chromosome abnormality, Cytogenetics, Evolution, Fertility, Water
buffalo.

1. INTRODUCTION

Though buffaloes are about 1/9 of cattle, they interest a world human population
greater than that raising cattle. For this reason this species attracts the interest of
many people, especially in East countries, and is of great economic importance.
Among buffaloes, the Asiatic water buffalo, in particular the riverine type, is the
most  important  one.  The  main  findings  obtained  so  far  in  cytogenetics  of  this
species, are summarized in this chapter.

* Corresponding author Alessandra Iannuzzi: National Research Council (CNR), Institute of Animal Production
Systems in Mediterranean Environment (ISPAAM), Laboratory of Animal Cytogenetics and Gene Mapping, Naples,
Italy; Tel: +39 081 5964977, +39 081 5966006; Fax: +39 081 5965291; E-mail: alessandra.iannuzzi@ispaam.cnr.it

Giorgio A. Presicce (Ed.)
All rights reserved-© 2017 Bentham Science Publishers

mailto:alessandra.iannuzzi@ispaam.cnr.it


The Cytogenetics of the Water Buffalo The Buffalo (Bubalus bubalis) - Production and Research   33

2. ORIGIN AND EVOLUTION

The buffalo belongs to the Bovini tribe, Bovidae family, Ruminantia suborder and
Cetartiodactyla  order  (Table  1).  The  African  buffalo  (Syncerus  caffer)  and  the
Asiatic  buffalo  (Bubalus  bubalis)  are  the  most  important  species  raised  in  the
world.  Within  the  African  buffalo  (Syncerus  caffer)  three  subspecies  can  be
identified: the Cape Buffalo (Syncerus caffer caffer), the Forest Buffalo (Syncerus
caffer  nanus)  and  the  Sudan  Buffalo  from  West  Africa  (Syncerus  caffer
brachyceros) [1, 2]. Karyotypes of these species differ among them and represent
the most simple method to distinguish their genotypes, also in their inter-specific
hybrids. Cytogenetic investigations have shown that Syncerus caffer caffer has 2n
= 52 with a fundamental number (FN) equal to 60, while Syncerus caffer nanus
has 2n = 54 and FN = 60. Crosses between these two species are possible, with
F1-hybrid having 2n = 53. This condition may be cause of reduced fertility for the
formation  of  unbalanced  gametes  due  to  erroneous  meiotic  segregations,  as  it
occurs in other species [3, 4]. Four (Syncerus caffer caffer) and three (Syncerus
caffer  nanus)  biarmed  autosome  pairs  are  the  cause  of  the  different  diploid
number found in these two species, being all remaining chromosomes acrocentric,
including the X-chromosome (the largest acrocentric one) and the Y-chromosome.
The  biarmed  pairs  in  S.c.  caffer  have  been  originated  by  Robertsonian
translocations of cattle (ancestral bovid) chromosomes 1;13, 2;3, 5;20 and 11;29
[5].

Two main species are considered in the Asiatic buffalo or water buffalo (Bubalus
bubalis): the river buffalo (2n = 50, FN = 60) and the swamp buffalo (2n = 48, FN
= 58). Since all chromosomes (chromosome arms) have been conserved in the two
species,  crosses  between  them  are  possible,  although  the  hybrid  has  49
chromosomes  and  may  originate  reproductive  problems  due  to  unbalanced
gametes. The river buffalo (2n = 50) is the most important and numerous buffalo
species in the world. It has five submetacentric autosomes, being the remaining
chromosomes acrocentric, including the X-chromosome (the largest one) and the
Y  chromosome.  The  five  submetacentric  river  buffalo  chromosomes  (BBU)
originated by Robertsonian translocations of cattle homologous (cattle ancestor)
chromosomes  and  relative  syntenic  groups  (U):  BBU1 (1;27-U10/U25),  BBU2
(2;23-U17/U20),  BBU3  (8;19-U18/U21),  BBU4  (5;28-U3/U29),  and  BBU5
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(16;29-U1/U7) according to the standard karyotypes of both river buffalo [6] and
cattle [7].

The  swamp  buffalo  (2n  =  48)  karyotype  differs  from  the  river  type  for  the
presence  of  a  large  chromosome  (chr  1),  which  was  formed  by  tandem  fusion
translocation between river buffalo chromosomes 4 (BBU4) and 9 (BBU9). Since
BBU4  was  formed  by  translocation  (centric  fusion)  of  cattle  homologous
chromosomes 5 and 28 [6], and BBU9 is homologous to cattle chromosome 7 [6],
three cattle (ancestor) homologous chromosomes (and bovine synthenic groups -
U)  constitute  swamp  buffalo  chromosome  1:  BTA5  (U3),  BTA28  (U29)  and
BTA7  (U22)  [8].

By  comparing  the  karyotypes  of  African  (Syncerus)  and  Asiatic  (Bubalus)
buffaloes,  it  appears  evident  that  no  biarmed  chromosome  pairs  are  common
between  the  two  species  [6  -  9].

In  Table  1  cytogenetic  data  of  different  species  of  buffaloes  in  the  world  are
summarized.

Table 1. Cytotaxonomy of buffaloes in the world and their chromosome diploid (2n) and fundamental
(FN) number.

Order Cetartiodactyla

Suborder Ruminantia

Family Bovidae

Species African buffalo (Syncerus caffer) Asiatic buffalo (Bubalus
bubalis)

Subspecies Large black
savannah or Cape
Buffalo (Syncerus

caffer caffer)
2n=52 NF=60

Intermediate Sudan
buffalo from West

Africa (Syncerus caffer
brachyceros) 2n=53

NF=60

Small reddish
forest buffalo

(Syncerus caffer
nanus) 2n=54

NF=60

River
buffalo
2n=50
NF=60

Swamp
buffalo
2n=48
NF=58

3. CYTOGENETIC INVESTIGATIONS

3.1. G- and R-banding

G(Giemsa)  and  R-(reverse)  banding  are  the  usual  techniques  applied  for  the
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identification  of  both  chromosomes  and  chromosome  abnormalities,  the  latter
involving  the  chromosome  number  or  chromosome  rearrangements  such  as
translocations,  deletions,  inversions  or  duplications  of  chromosome  segments.

G-  and  R-banding  comparisons  between  cattle  and  river  buffalo  chromosomes
have  revealed  a  substantial  amount  of  banding  homologies  between  the  two
species,  both  at  early-metaphase  [8,  10]  and  prometaphase  stages  [11].  In
particular, each of the five river buffalo biarmed pairs originates from a centric
fusion translocation between two of ten homologous cattle autosomes (Fig. 1), a
fact  that  is  highly  supportive  of  the  hypothesis  that  all  bovids  have  a  common
ancestor [12].

Fig. (1). High resolution RBA-banded male river buffalo metaphase plate (A) and corresponding karyotype
(2n = 50, XY) (B), according to the river buffalo standard. Numbers reported in parenthesis refer to cattle
homologous chromosomes.

3.2. C-banding

C-banding technique detects the presence of constitutive heterochromatin (HC =
C-bands), which is usually located in centromeric regions of chromosomes in the
majority of analyzed species.

The  C-banding  technique  (in  particular,  the  CBA-banding)  makes  possible  to
distinguish the gonosomes (in particular, the Y-chromosome) from the autosomes
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and  it  is  normally  applied  to  study  chromosome  abnormalities  in  sex
chromosomes of river buffalo [13 - 16]. In the case of the river buffalo, the five
centric  fusion  have  been  followed  by  a  substantial  loss  of  constitutive
heterochromatin when compared with both cattle homologous chromosomes, and
remaining  river  buffalo  acrocentric  chromosome.  The  X  gonosome  shows  the
largest  HC-block  at  the  centromere.  Y-chromosome  shows  variable  C-banding
pattern according to different treatments during the C-banding technique. Indeed,
it  is  entirely  heterochromatic  or  with  a  C-band  distally  located,  being  the
centromere  C-banding  negative  (Fig.  2).  This  particular  feature  allows  to
distinguish very easily the Y-chromosome from small acrocentric chromosomes.
In the swamp buffalo, the C-banding is slightly different from the river buffalo. In
fact,  in  swamp  chromosome  1,  the  C-band  material  in  the  region  of  junction
between  chromosome  4  and  9,  is  present  as  a  light-staining  area.  The  fusion
occurs  between  the  centromere  of  river  buffalo  chromosome  BBU9  and  the
telomere of chromosome BBU4p, and results in loss in the satellite II (SAT II)
DNA, being SAT I DNA conserved (Fig. 3) [17].

Fig.  (2).  CBA  banding  in  a  male  river  buffalo  metaphase  plate.  While  large  C-bands  can  be  seen  in  all
acrocentric chromosomes, including the X, showing the largest C-band with an additional and proximal C-
band. The Y gonosome (also acrocentric) has a positive C-band distally located, being the centromeric region
C-band negative.
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Fig. (3). Genesis of swamp buffalo chromosome 1 by translocation of tandem fusion type involving river
buffalo chromosomes 9 (acrocentric) and 4 (biarmed). The fusion was originated along the centromere of
BBU9 and  the  telomere  of  BBU4p,  resulting  in  losses  of  both  nucleolar  organizer  regions  (NORs)  from
BBU4p and satellite II (SAT II) DNA from BBU9, being SAT I DNA conserved. The homologous cattle
(BTA)  chromosomes  and  relative  synthetic  groups  (U)  present  in  both  BBU4/BBU9 and  swamp buffalo
chromosome 1 are reported.

3.3. Nucleolus Organizer Regions (NORs)

NORs  are  specific  chromosome  sites  where  ribosomal  genes  are  highly
transcribed. Each species has a specific number of NORs and nucleolar organizer
chromosomes (NOC). In domestic bovids, NORs are located at the telomeres of
five or six autosomes [18 - 20]. The use of sequential G- or R-banding/Ag-NORs
techniques  have  demonstrated  that  NORs  in  bovids  have  been  only  partially
conserved in the same homologous chromosomes [21]. NORs can be revealed by
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using silver nitrate (Ag) staining, which reveals only active NORs (NORs which
have organized at least one nucleolus during previous cell inter-phase), or specific
ribosomal probes with the fluorescence in situ hybridization (FISH) technique that
reveals active and not active NORs.

In  river  buffalo  NORs  have  been  localized  at  the  telomeric  regions  of
chromosomes  3p,  4p,  6,  21  and  24  (Fig.  4)  [22].  In  swamp  buffalo  during  the
tandem fusion translocation forming chromosome 1, the centromere of BBU9 was
apparently lost or inactivated while the NORs located at the telomeres of BBU4p
[20] were lost (Fig. 3) [8]. Therefore, they are localized at the telomeric regions of
chromosomes 4p, 8, 20, 22 and 23 [8].

Fig. (4). Nucleolar organizer regions (NORs) revealed by silver nitrate staining (arrows) in a river buffalo
metaphase plate.

3.4. Sister Chromatid Exchanges (SCEs)

SCEs consist in exchanges between the chromatids of the same chromosome after
breakages  at  the  DNA  level  occurring  during  the  S-phase  and  induced  by
mutagens forming DNA adducts, which interfere with DNA replication. The best
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method to  obtain  SCEs is  to  incorporate  a  thymidine base  analogue (5-Bromo-
2-deoxyuridine–BrdU)  into  replicating  DNA  during  the  last  two  S-phases
(generally the BrdU is incorporated 28-30 h before harvesting). SCE analysis has
often been applied both in human and in farm animals, as a cytogenetic assay for
biomonitoring and genotoxicity testing of potentially mutagenic and carcinogenic
chemicals  [23,  24].  Cytogenetic  test  are  useful  to  reveal  the  presence  of
chromosome  damages  originated  by  mutagens  present  in  the  environment,
including the food chain. Chromosome instability has been found in calf affected
by limb malformations [25] by using the SCE test  as  well  as  in river  buffaloes
exposed to dioxins (Fig. 5) [26].

Fig. (5). Sister chromatid exchanges (SCE) in a female river buffalo metaphase plate from a cell naturally
exposed to dioxins. Arrows indicate the presence of 12 SCEs.

3.5.  Pseudoautosomal  Regions  (PAR)  and  Pseudoautosomal  Boundary
Regions (PAB)

The PAR is a short region of sequence homology between the sex chromosomes,
which  is  involved  in  sex  chromosome  pairing,  recombination  and  segregation
during meiosis (separation of paired alleles into different gametes). The region has
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been  found in  many plant and  animal  species, including  mammals  [27, 28]
(Fig. 6).

Fig. (6). A schematic representation showing the location of the PAR on the sex chromosomes of cattle, zebu,
river buffalo, goat, sheep and alpaca. (From Raudsepp et al., 2012).

The  physical  domain  of  the  PAR  lies  between  the  terminal  ends  of  the  sex
chromosomes and the pseudoautosomal boundary (PAB) – a border across which
the  sequence  homology  between  the  X  and  the  Y  chromosome  decreases,  and
recombination cases and regions specific to individual sex chromosome begin [29,
30].  Loci  located  within  the  PAR  behave  similarly  to  autosomal  loci:  they  are
diploid,  undergo  recombination  in  males  and  females  and  are  not  subject  to
dosage compensation by X inactivation in females [27 - 31]. These features led to
naming  of  the  region  as  pseudoautosomal  [32],  primarily  to  indicate  the
autosome-like properties, despite being on the sex chromosomes. The location of
the PAR on the sex chromosomes of river buffalo is telomeric in both X and Y
chromosomes, while in cattle is located on telomere of Xq and Yp [33].

4. CLINICAL CYTOGENETIC

4.1. Standard Karyotype

Clinical cytogenetics has been only recently applied in river buffalo, especially in
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Italy where both males used for reproduction and many females with reproductive
disturbances have been analyzed by using cytogenetic techniques.

A standard karyotype of river buffalo using six banding techniques and G and R
banded ideograms has been established by an international committee (Fig. 1) [6].
A  comparison  between  river  buffalo  standard  karyotype,  based  on  specific
chromosome  river  buffalo  genetic  markers  [14],  has  been  performed  when
arranging the latest standard karyotype of cattle, sheep and goat [7], allowing the
correlation of buffalo chromosomes to the related bovids (Fig. 1B).

4.2. Autosomal Aberrations

Chromosome abnormalities involving autosomes have rarely been found in river
buffalo, probably because few cytogenetic investigations have been performed in
this species until now. A translocation involving BBU3 and BBU6 was found in a
male river buffalo with normal body conformation, but no indications on fertility
were reported [34].  A case of centric fission and fusion in a river buffalo cow,
with  reduced  fertility,  has  been  found  in  a  farm  producing  milk  to  obtain
mozzarella cheese [35]. A similar case has been found in a very famous Italian
river buffalo used in artificial insemination (AI) [36].

4.3. Sex Chromosome Aberrations

Sex  chromosome  abnormalities  occur  with  relative  higher  frequency  in  river
buffalo,  especially  among  females,  comparing  to  autosome  abnormalities.
Cytogenetic  analyses  revealed  that  20%  of  Italian  river  buffalo  females,  with
reproductive  problems,  were  found  carriers  of  sex  chromosome  abnormalities
[13-14-15-16-37-4-38].

The following are the most common chromosome abnormalities found so far in
river buffaloes:

X-monosomy: This syndrome is rare in domestic animals, although several cases
have  been  reported.  Five  females  2n  =  49,  X  have  been  found  so  far  in  river
buffaloes: three in India [39 - 41] and two in Italy [13 - 37]. These females are
generally sterile for damages to internal sex adducts.
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X-trisomy:  Only  three  cases  have  been  found  so  far  in  river  buffaloes,  two  in
India (Murrah breed) [39 - 41] and another in Italy (Razza Bufala Mediterranea
Italiana)  [15].  Sterility  of  these  females  occurs  inevitably  as  a  consequence  of
damage to the internal sex adducts, due to presence and action of all the three Xs
before  their  inactivation  (2/3),  and/or  to  genes  escaping  gene  inactivation,
especially  those  of  the  PAR.

Sex-Reversal  Syndrome:  This  syndrome  is  present  in  both  males  and  females
showing  a  karyotype  which  is  opposite  to  their  phenotype  (XX  or  XY,
respectively).  XX-males  are  originated  by  errors  occurred  during  meiosis  with
translocations  of  small  Y-chromosome  regions  (where  genes  affecting  sex
differentiations  are  present)  to  the  X-chromosome.  XY  females  arise  from
deletion or mutations of genes inducing sex determination, especially the SRY-
gene. This syndrome is uncommon in domestic animals. The female carries are
characterized by gonadal dysgenesis. In river buffalo only two (sterile) females
were found in Italy: one was missing its internal sex organs (with closed vagina)
and the other one was characterized by atrophic Muller’s ducts [14, 15].

XXY-Syndrome: This syndrome is very uncommon in farming animals, compared
to  humans  where  it  is  reported  as  Klinefelter’s  syndrome.  Only  one  case  was
found river buffalo [42]. It was an unusual case, because the male carrier showed
a karyotype 2n = 50,Y, t(X;X), being the two Xs fused along their centromeres.

XX/XY  Chimerism  (Freemartin):  This  is  the  most  common  chromosome
abnormality  found  in  sex  chromosomes  of  both  cattle  and  river  buffalo.  The
frequency  of  this  abnormality  is  strictly  related  to  the  frequency  of  births  with
twins, although almost all studied cases in Italian river buffaloes were from single
birth. This occurred because one of the two co-twins dies during early embryonic
life,  but  only  after  that  placental  anastomosis  and  sex  differentiation  have
occurred,  allowing  thus  serious  damages  in  the  living  female  twins,  since  sex
differentiation occurs earlier in males than in the females [43].  The living twin
(generally female), is generally sterile due to pronounced damages to the internal
sex organs, which may vary from atrophies of Muller’s ducts to the complete lack
of internal sex organs (with closed vagina) [16 - 37]. The damages in the internal
sex  ducts  are  due  to  the  Y-chromosome.  Indeed,  placental  anastomosis  occurs



The Cytogenetics of the Water Buffalo The Buffalo (Bubalus bubalis) - Production and Research   43

earlier (20-25 days) than sex differentiation (40-45 days) during the embryonic
life.  In  river  buffalo,  XX/XY-mosaicism  is  the  most  common  chromosome
anomaly  present  in  both  Indian  [44]  and  Mediterranean  Italian  (bufala
mediterranea  italiana)  [16]  breeds.

Fig. (7). FISH mapped marker of MINA gene (BAC CH243-1I24) on BBU1 chromosome. FITC signals were
superimposed on RBPI-banding (R-banding using early BrdU-incorporation and propidium iodide staining).
(From Di Meo et al., 2011).

5. MOLECULAR CYTOGENETIC

The  advent  of  Fuorescence  In  Situ  Hybridization  (FISH)  technique  and  the
availability of probes containing large insert (BAC-clones) or entire chromosome
libraries [45], has expanded the field of cytogenetics. Thanks to this technique, it
has  been  possible  to  study,  in  details,  the  physical  organization  of  mammalian
genomes, including the river buffalo. In fact, several loci have been assigned to
this  species  by  both  somatic  cell  hybrid  technique  [46,  47]  and  (mostly  about
95%)  by  FISH-mapping  technique  with  DNA-probes  such  as  cDNA for  multi-
copy  genes,  cosmids  and  BAC-clones  for  single  copy  genes  [48,  37].  Fig.  (7)
shows an example of  the FISH-mapping of  MINA gene in BBU1 chromosome
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[35]. Cytogenetic maps are very useful and important for many reasons: (a) genes
or DNA-sequences can easily be assigned to specific chromosomes regions and
bands;  (b)  specific  molecular  markers  can  be  used  to  identify,  correctly,  the
chromosome involved in the chromosome aberrations; (c) detailed comparisons
between  cytogenetic  maps  of  related  (bovids)  and  unrelated  (bovids-humans)
species can be performed to establish with more details and resolution, conserved
chromosome  regions  and  the  rearrangements  occurred  during  chromosome
evolution  of  species.

6. BREEDING OBJECTIVES

River  buffaloes  are  reared  for  the  production  of  both  milk  and  meat.  In  east
countries (India, Pakistan, Egypt, and Nepal, in particular), approximately 50% of
the  milk  produced  is  used  for  daily  consumption.  In  Italy  buffalo  milk  is
processed to get cheese, in particular the mozzarella cheese [49]. The production
and  consumption  of  buffalo  meat  is  usual  in  many  countries  (east  and  west
countries) while in Italy is quite low, although recently in this country the interest
on river buffalo meat has increased.

Breeding programs are implemented in order to speed up the genetic improvement
for milk production, using both progeny tests and milk trait recording. In Italy, the
highest proportion (28.6%) of milking buffaloes are officially registered, followed
by Bulgaria (8.5%) and Iran (4.5%) [50]. A breeding program, today present in
Italy and performed in collaboration with buffalo breeder associations, includes
also the cytogenetic screening of bulls kept in reproductive centers (or males used
for  reproduction),  as  well  as  studies  in  females  showing  reproductive
disturbances.

CONCLUSION

Cytogenetic  is  one  of  the  most  important  biotechnologies  recently  applied  to
buffalo  studies  and  analyses,  contributing  noticeably  to  the  knowledge  of  its
genome and to the genetic selection of reproducers. The certification with banded
karyotype should be a requirement for all bulls entering into reproduction centers
and to all females with reproductive problems.
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The pronounced chromosome homology present between river buffalo and cattle,
and  the  sequencing  of  both  cattle  and  buffalo  genomes,  should  expand  our
knowledge  on  the  water  buffalo.
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CHAPTER 3

Molecular  Genetics  and  Selection  in  Dairy
Buffaloes: The Italian Situation
Alfredo Pauciullo* and Leopoldo Iannuzzi
 National  Research  Council  (CNR),  Institute  of  Animal  Production  Systems  in  Mediterranean
Environment (ISPAAM), Laboratory of Animal Cytogenetics and Gene Mapping, Naples, Italy

Abstract:  The  Italian  river  buffalo  was  characterized  by  an  extensive  period  of
isolation, which did not allow crossbreeding. This has brought to a morpho-functional
differentiation of the Mediterranean type, whose population has increased 19 fold in
Italy  in  the  past  fifty  years.  This  increase  is  mainly  due  to  the  rising  interest  in  the
productive characteristics of this rustic animal; actually bred mainly as dairy purpose
animal.  Marker  assisted  selection  (MAS)  might  be  a  promising  choice  for  planning
appropriate  breeding  schemes  for  Italian  river  buffaloes.  In  this  respect,  the  genetic
markers significantly associated to milk yield traits may give the right information for
the identification of animals with high breeding value. The literature associated with
different aspects of the genetic progress in buffalo is abundant, and this chapter is a
review  of  the  molecular  bases  for  the  improvement  of  the  quali-quantitative
characteristics  of  the  Italian  dairy  buffaloes  occurred  during  the  last  decade.

Keywords:  Casein  cluster,  Genetic  improvement  of  dairy  traits,  Milk  yield,
Molecular  selection,  River  buffalo.

1. INTRODUCTION

The  domestic  water  buffalo  was  historically  split  into  the  swamp  and  river
subspecies,  due to their  difference in morphology,  behaviour,  and chromosome
number  (2n=48  and  2n=50,  respectively).  Swamp  buffalo  is  predominant  in
Southeast  Asia  and  China,   whereas  the  river  type  is  mainly  found  in  India,
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Southwest  Asia  and  in  the  Mediterranean  area  [1].  Despite  their  phenotypic
differences, there is still a great interest on their time of domestication [2], as well
as  a  debate  as  to  consider  appropriate  their  classification  into  two  related
subspecies [3]. In fact, molecular evidences based on mitochondrial DNA analysis
[4, 5], molecular markers [6, 7] and Y-chromosome gene variations [8] showed
that  the  two types  are  distinct  and the  separation of  swamp and river  type pre-
dates  domestication.  They  share  several  haplotype  both  at  genomic  and
mitochondrial level, but the swamp and the river buffaloes constitute two distinct
subspecies.

In the last years, several research projects have focused on the buffalo genome. In
particular,  8  different  consortium groups  are  working to  fill  the  gap with  other
livestock species. Five out of 8 projects are related to transcriptome sequencing, 2
focused on the  genome sequencing and one is  relative  to  radiation hybrid.  The
NCBI  database  (http://www.ncbi.nlm.nih.gov/assembly/GCA_000471725.1/#/st)
reports the following state of art for the UMD CASPUR WB 2.0 project updated
at 30th September 2013:

UMD CASPUR WB 2.0

Assembly level: Scaffold

Genome representation: Full

Total sequence length 2,836,150,610

Total assembly gap length 74,388,041

Gaps between scaffolds 0

Number of scaffolds 366,982

Scaffold N50 1,412,388

Number of contigs 630,367

Contig N50 21,938

Total number of chromosomes 0

Although the sequencing of buffalo genome is complete, currently the annotation
of  the  sequences  is  not  yet  available  and  the  knowledge  of  nuclear  genes  with
known function  is  still  very  limited,  representing  only  1.47% of  the  sequences
present in the database [9].

http://www.ncbi.nlm.nih.gov/assembly/GCA_000471725.1/#/st
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A  list  of  sequences  is  available  on  the  website  of  NCBI:  16692  nucleotide
sequences,  1868  EST and  4797  GSS,  almost  all  (11203)  belonging  to  Bubalus
bubalis species, followed by Bubalus bubalis bubalis (107) and other taxa.

The lack of the gene annotation is reflected also in the very limited information
for the genetic variability, which represents the first step of the knowledge for the
genetic improvement of the species.

The total number of available reference SNP reported on NCBI data base is only
502  for  this  species  (http://www.ncbi.nlm.nih.gov/snp/?term=bubalus+bubalis)
and  the  validation  status  of  these  polymorphisms  is  in  most  cases  missing.
Considering  the  close  distance  between  Bos  taurus  and  Bubalus  bubalis,  [10]
employed  the  Illumina  Bovine  SNP50  BeadChip  in  buffalo.  Although  most  of
SNP were fully scored (41870 vs 54001), only 1159 SNP were polymorphic in the
species.

The conservation of the SNP sites but not of the polymorphisms between cattle
and buffalo indicates that as long as the buffalo genome and its annotation is not
complete,  the  use  of  already  existing  tools  for  the  genetic  improvement  of  the
species is not useful at all. Therefore, the application of genome wide association
studies (GWAS) is still very far to be a reality as for instance happens in cattle,
and a classical  research approach based on marker assisted selection (MAS) or
gene assisted selection (GAS) seems to be still far away for the planning and the
application of breeding selection schemes.

2. THE ITALIAN SITUATION

The buffalo reared in Italy belongs to the Mediterranean Italian breed, and it  is
different from other river types reared in Europe. Although these breeds belong to
the  same  lineage,  they  are  characterized  by  a  different  genetic  level  [11].
Demography  data  show  that  the  Buffalo  population  in  Italy  is  a  small  reality
compared to the huge populations of the East Asian countries. Despite that, the
Italian  buffalo  population  has  increased  19  fold  in  the  past  fifty  years
(http://faostat.fao.org),  becoming  the  livestock  that  has  registered  the  highest
increase (together with Brazil) in the world among the years 1961-2011 (Table 1).

http://www.ncbi.nlm.nih.gov/snp/?term=bubalus bubalis
http://faostat.fao.org
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Table  1.  First  ten  stocks  of  buffaloes  given  in  thousands  of  heads  and  ranked  for  the  incidence  of
growth rate folds between the years 1961-2011 (FAO, 2013).

Country Total Buffalo Population Growth Rate Fold

1961 2011

Brazil 63000 1278075 19,28

Italy 18000 365086 19,28

Nepal 795000 4993650 5,28

Pakistan 6700000 31726000 3,74

Syrian Arab Republic 1400 5000 2,57

Myanmar 1048523 3096887 1,95

China 8043000 23378000 1,91

Lao People's Democratic Republic 420000 1197000 1,85

Bangladesh 500000 1394000 1,79

Egypt 1501000 3800000 1,53

The  reason  for  this  increase  lies  in  the  growing  interest  in  the  productive
characteristics of this rustic animal, actually bred mainly as dairy purpose animal.
In Italy, the produced milk is processed almost completely into mozzarella cheese
PDO  (Protected  Denomination  of  Origin  -  Reg.  EC  510/2006).  The  increased
demand for this product, both on the national and international market (14% of the
Italian  production  is  exported  to  Germany,  France,  UK,  Switzerland,  USA and
Japan), together with the cow milk quotas imposed by the EU have favoured the
buffalo breeding and productions [9]. The buffalo milk production amounted to
1,924,553  tons  in  2012,  with  an  increase  of  7,79%  compared  to  2010
(http://www.aia.it).  Also  milk  composition  has  been  improved.  On  average  the
protein and fat content increased from 4,65 and 8,10% in 2003 to 4,70 and 8,30%
in 2012, respectively (http://www.anasb.it/home.htm).

The official Herd book has recorded 56075 Italian buffaloes, which are involved
in a dairy recording program. However, to some extent and up to very recently,
the application of progeny tests and EBV evaluation have been hindered by low
AI efficiency. In fact, although about 11,000 semen doses have been used for AI
only in 2011 within the herd-book, natural mating is still  the most widely used
reproductive approach in buffalo farms. This is mainly due to the difficulties in

http://www.aia.it
http://www.anasb.it/home.htm
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revealing  buffalo  estrus  and  additional  aspects  related  to  variability  in  heat
expression and signs which finally may cause AI failure [12]. Furthermore, the
imprecise identification of paternity gives rise to difficulties in the evaluation of
estimated  genetic  parameters  [13].  Problems  related  to  paternity  in  the  buffalo
have always existed and even today they are not easy to solve due to logistic and
financial constraints, therefore the genetic importance of buffalo females is still
much higher than in dairy cattle. Italian breeders association (ANASB) is working
hard  to  increase  the  reliability  of  genetic  merit  predictions,  including  the
evaluation  of  the  genetic  merit  of  natural  mating  bulls,  which  are  strongly
perceived  by  the  managers  of  larger  farms.

3. MOLECULAR SELECTION IN ITALIAN RIVER BUFFALO

Marker  assisted  selection  (MAS)  may  be  a  promising  choice  for  planning
appropriate breeding schemes for Italian river buffaloes. In this respect, genetic
markers  significantly  associated  to  milk  production  traits  may  give  the  right
information for the identification of animals with high breeding value. Recently,
in this direction the Italian government financed a research project named SelMol
(currently updated with the Innovagen project) with the aim to start a partnership
programme  which  connects  breeders  and  researchers  in  order  to  improve  the
productive  performances  of  dairy  buffaloes  with  the  support  of  information
derived from the application of molecular genetics. Since almost all the buffalo
milk produced in Italy is used to produce mozzarella cheese, the most important
breeding goal for Italian buffaloes is the estimated mozzarella yield per lactation
(PKM), a trait calculated in a single trait animal model according to the following
formula:

PKM = Milk (kg) * {[(3.5 * protein % + 1.23 * fat %) – 0.88] / 100}

It  is  quite  clear  that  the  improvement  of  each  of  the  aforementioned  milk
components  results  in  higher  values  of  the  PKM.  Therefore,  several  candidate
genes  were  chosen  for  the  improvement  of  quali-quantitative  characteristics  of
buffalo  milk.  In  particular,  the  following  loci  OXT,  OXTR,  PRL,  etc...  were
studied for the milk yield; the casein cluster (CSN1S1, CSN1S2, CSN2, CSN3) for
protein  content;  DGAT1,  FASN,  LEP,  and  other  genes  for  fat  content,  whereas
SCD,  ACACA,  LPL,  and  other  loci  for  the  quality  of  fatty  acids.  Examples  of



Molecular Genetics and Selection The Buffalo (Bubalus bubalis) - Production and Research   55

molecular genetics progresses are reported below for some of these genes.

3.1. Oxytocin Gene (OXT)

The oxytocin gene (OXT) is a candidate locus for the improvement of dairy traits
like  milk  quantity  and  milk  ejection,  due  to  the  natural  role  of  oxytocin  in  the
regulation of alveolar contractions responsible for a complete emptying from milk
of both cisternal and alveolar cavities of the udder. For the total milk removal, the
pituitary gland has to release oxytocin in the bloodstream, and once delivered to
the mammary gland it acts on myoepithelial cells to stimulate the contraction [14].
The ejection of milk under a suckling or milking stimulation is realized through a
neuro-endocrine reflex [15], which is of great interest in buffalo species. In fact,
almost 95% of the buffalo milk is stored in the alveolar cavity instead of the udder
cistern, which is usually small or even missing [16, 17]. The size of the OXT gene
is  912  bp.  It  codes  for  oxytocin-neurophysin,  a  protein  complex  106  aa  long.
Three  single  nucleotide  polymorphisms  have  been  found  in  this  gene  for  the
Italian  river  buffalo.

The  promoter  region  is  characterized  by  two  SNP  (AM234538:  g.28C>T  and
g.204A>G), whereas the third polymorphic site (g.1627G>T) has been detected at
the  level  of  the  exon  2  and  it  is  responsible  for  the  amino  acid  replacement
Arg97>Leu of the mature protein. As consequence of these polymorphic sites, 2
alleles  called  A  (EMBL  ID:  AM234538)  and  B  (EMBL  ID:  AM234539)  [18],
have been identified, respectively. Recently, an association study involving these
SNPs  and  milk   production  has  been  reported  by  Pauciullo  et  al.  [19].  In
particular, the genotype TT (transversion g.1627G>T) showed a relevant higher
milk  production  (more  than  1,7  kg/d)  compared  to  the  heterozygous  genotype.
Furthermore, this tendency is constant during the entire lactation (Fig. 1a). Similar
data  have  been  reported  also  in  dairy  cattle  for  other  genes.  In  particular,  the
DGAT1 [20], also considered a candidate locus affecting dairy traits, whose effect
can be observed after 40 days in milk.

Additional  studies  need  to  confirm  on  a  wider  population  the  data  reported  in
buffalo, which refers to a single herd. However, these data are of great importance
because they represent one of the first indications of association between a milk
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yield and genetic markers in candidate genes in river buffalo.

Results on milk ejection rate are of a lower scale as far the effect of the gene is
concerned (Fig. 1b). The significance of its contribution to the total phenotypic
variance in milk flow is lower when compared to the case of milk.

Fig. (1). Curves of lactation for the 3 OXT genotypes of the SNP g.1627G>T for: (a) milk production (kg/d)
and (b) milking flow (ml/s). (Modified from Pauciullo et al. [19]).

Such  result  is  surprising  if  we  consider  the  biological  role  of  the  oxytocin
hormone and the correlation between milk production and flow rate. Nevertheless,
in former studies, it was suggested that milk flow rate is affected by the increase
of oxytocin above a threshold level and not by the absolute concentration of the
hormone itself [21, 22].

3.2. The Casein Cluster

As for the other ruminants also, the buffalo milk caseins (αs1, β, αs2, and k) are
encoded  by  the  following  four  genes  (CSN1S1,  CSN2,  CSN1S2,  and  CSN3,
respectively) which have been mapped on BBU 7 [23]. The complete amino acid
sequences of buffalo casein [24] are accessible.  In addition, also the regulatory
sequences of the genes encoding for the αs1 [25] and k casein [26], the 5’ UTR,
and the incomplete cDNA of the CSN1S1 (EMBL IDs: GU593719, AF529305,
AY948385,  AJ005430),  and  the  CSN1S2,  as  well  as  short  intron  sequences
belonging to the same gene, are available [27]. Feligini et al. [28] established a
technique for the quantization of the casein fractions in river buffalo milk using a
reverse  phase  high-performance  liquid  chromatography,  whereas  a  recent
investigation  by  Cosenza  et  al.  [29]  reported,  for  the  first  time,  a  quantitative

a) b) 
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characterization of the buffalo casein transcripts and showed that the four genes
are not transcribed and translated with the same efficiency. The findings of this
research  are  very  important  to  explain  the  different  technological  properties  of
buffalo milk compared to the milk of other domestic ruminants (cattle, sheep and
goat).

In  particular,  the  absolute  quantification  of  individual  samples  revealed  the  β
(53.45%, SD 6.63) and the αs1 (20.61%, SD 4.29), as the most represented casein
fractions present in buffalo milk, whereas the αs2 and k (14.28%, SD 4.88, and
11.66%, SD 2.26, respectively) were less abundant. These results disagree with
the data reported for for cattle, sheep and goat by Bevilacqua et al. [30], where the
absolute quantification showed a content of about 38% for both β and αs1 casein
fractions.

Such  a  difference  could  account  for  the  peculiar  technological  properties  of
buffalo milk compared to those characterizing the milk of other ruminant species.
The  absolute  quantization  of  the  related  mRNAs  showed  the  following
distribution of the casein’s transcripts: αs1, 16.48 (SD 4.99); β, 23.18 (SD 5.41),
αs2,  55.87  (SD  8.22);  and  k,  4.47  (SD  0.96).  As  for  the  proteins,  also  the
quantification of buffalo transcripts was significantly different from the transcript
analysis  carried out  on the same genes in cattle,  sheep and goats,  where casein
transcript  accounted  approximately  for  25%  each  of  the  total  casein  transcript
population  [30].  The  presence  of  both  phenotypic  and  transcriptomic  data  in
buffalo allowed the evaluation of the translation efficiency for the casein cluster
by the calculation of a ratio: single protein fractions / rate of transcripts produced
in the udder.

The CSN1S2 transcripts showed a lower translation efficiency (0.25, SD 0.07),
while for the CSN3, CSN2 and CSN1S1 the efficiency was higher. In particular:
k, 2.69 (SD 0.74); β, 2.39 (SD 0.49) and αs1, 1.31 (SD 0.30).

The context  of  the AUG (codon responsible for  the translation initiation) plays
significant roles in determining the translation level [31, 32], therefore a possible
explanation of a such difference in the translation level of buffalo casein cluster
genes  might  be  found  in  the  comparative  analysis  with  the  Kozak  consensus
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sequence. Usually, higher sequence homology is indication of strong consensus
with Kozak sequence, therefore higher will be the efficiency of mRNA translation
[33].

The sequence homology for the 4 transcripts in river buffalo Table 2 shows for the
CSN1S1,  CSN2  and  CSN3  mRNAs  the  highest  similarity  with  the  Kozak
sequence. In particular, for CSN1S1 and CSN2 three residues directly upstream of
the initiation are consecutive (-3, -2 and -1), while CSN3 is characterized only by
two consecutive nucleotide (-3 and -2).

Table 2. Comparative homology for the sequences flanking the AUG for the four casein transcripts in
the  Italian  river  buffalo.  The  Kozac  consensus  sequence  representing  the  optimal  situation  for  the
initiation  is  reported  in  the  first  line.  The  start  codon  in  the  four  casein  transcripts  (AUG)  is
underlined.  Conserved  nucleotides  are  shown  in  shade.  (Modified  from  Cosenza  et  al.  [29]).

-6 -5 -4 -3 -2 -1 +1 +2 +3 +4

G C C R C C A U G G Kozak consensus sequence

A G A G C C A U G A CSN2

G U A A A C A U G A CSN1S2

A C A A C C A U G A CSN1S1

G G U A C A A U G A CSN3

On the contrary, CSN1S2 shows the worst combination, because despite having
three nucleotides matching with the consensus sequence, these are not consecutive
(-6, -3 e -1) (Table 2) and, therefore, can be considered having a weak context.

The k-casein showed higher translation efficiency if compared to the data reported
by Bevilacqua et  al.  [30].  The comparative analysis  of  the homologous mRNA
sequences elucidates the result. In fact, buffalo, cattle, sheep, goat, mouse, rabbit
and  pig  CSN3  mRNA  have  two  successive  AUG,  but  excluding  the  buffalo
sequence,  all  these  species show a  G in position -3  as the first  start  codon
(Table 3).

It was proven [33] that the translational activity is influenced by the presence of
specific nucleotides in position -3 (taking as reference the AUG). In particular, the
presence of an adenine in such position gives rise to a higher efficiency compared
with  a  guanine  in  the  same  position.  The  A  characterizes  the  buffalo  CSN3
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sequence,  likely  representing  the  best  translation  condition  for  this  species
differently  from  other  ruminants.

Table 3. Comparative homology for the sequences flanking the AUG for the k casein transcripts in
different species. The first of the two consecutive AUG codons in ruminants, pig, rabbit and rat is in
shade and underlined. (Modified from Cosenza et al. [29]).

-6 -5 -4 -3 -2 -1 +1 +2 +3 +4 +5 +6 +7 EMBL

G G U A C A A U G A U G A buffalo AM900443

G G U G C A A U G A U G A cattle AY380229

G G U G C A A U G A U G A sheep NM_001009378

G G U G C A A U G A U G A goat X60763

G G U G C A A U G A U G A pig NM_001004026

G G U G C A A U G A U G A rabbit Z18243

G G U G C A A U G A U G A rat NM_007786

Compared to other domestic ruminants, the genetic polymorphism detected in the
buffalo  casein  cluster  is  quite  poor.  So  far,  no  polymorphic  sites  have  been
detected  for  the  CSN2  gene  (β-casein).  Cosenza  et  al.  [27]  characterized  the
CSN1S2 and found a transversion (g.773G>C) responsible for the inactivation of
the intron 7 splice donor site (B allele). This polymorphism resulted in the allele-
specific  splicing  out  of  the  complete  exon 7  (27  bp)  corresponding  to  9  amino
acids. Although a shorter αs-2 protein should affect the total protein content, this
was  never  verified.  However,  excluding  the  aforementioned  case,  currently  no
other quantitative alleles have been detected. Two alternative forms of αs1-casein
were described by Ferranti et al. [34]. The analysis of CSN1S1 exon 17 showed
the  occurrence  of  a  transversion  (c.578C>T)  which  results  in  the  amino  acid
substitution  Leu178(A)  →  Ser(B)  of  the  mature  polypeptide  chain.  Similar
situation  can  be  reported  for  the  k-casein,  where  Feligini  et  al.  [28]  detected  a
polymorphism through RP-HPLC. Sequencing of CSN3 exon 4 demonstrated, in
agreement with Mitra et al. [35], a c.467T>C transversion in the complete coding
sequence,  where  the  presence  of  T  corresponds  to  the  allele  X1,  whereas  C
corresponds to the allele X2. This nucleotide substitution results in the amino acid
change Ile135(X1)→Thr(X2) of the mature polypeptide chain. Recently, Bonfatti
et  al.  [36,  37]  evaluated  the  combined  effect  of  two  loci  (αs1  and  k)  on  the
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composition  of  milk  protein  traits  and  milk  coagulation  properties  (Fig.  2).
Regarding the milk protein composition, the presence of the A allele at the locus
CSN1S1 seems to be associated to higher level of this protein fraction in the total
casein  (TCN).  On the  contrary,  a  combination  of  the  following genotypes  AB-
X1X1  and  BB-X1X2  appeared  to  be  associated  with  a  lower  content  of  αS1-
casein in the total casein, but also linked to a higher rate of αS2-casein.

Fig.  (2).  Effect  (mean  ±  SD  of  the  marginal  posterior  density)  of  CSN1S1-CSN3  composite  genotype,
relative  to  genotype  BB-X2X2  on  casein  content.  Numbers  at  the  top  of  the  bars  are  marginal  posterior
probabilities of the effect being greater than 0 (if positive). Effects were measured in standard deviation unit
of the trait. Caseins were measured as percentage of total casein content. (Modified from Bonfatti et al., [37]).

Regarding the latter protein fraction, a difference in TCN was also linked to the
presence  of  the  X1  and  X2  alleles  at  the  k-CN  encoding  gene  (CSN3).  In
particular,  higher  αS2-casein  content  was  associated  to  composite  genotypes
carrying the X1 allele, differently from what observed for those carrying CSN3
X2.  Furthermore,  the  allele  X1  seems  to  be  responsible  also  for  the  lower
glycosylation level of such protein fraction, which finally is responsible for the
general lower content of total κ-CN in milk.

Regarding the milk production traits, the test day milk production is negatively
affected (−0.21 SD units of the trait) by the heterozygous genotype at the CSN1S1
(AB)  in  the  combination  with  X2X2  and  compared  to  the  BB-X2X2.  The
combined genotypes had no effects for the total milk protein content, but it had
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effects  on  other  traits.  In  particular,  the  milk  fat  content  was  higher  for  the
genotype  AB-X1X1 compared  to  the  BB-X2X2 (+0.28  SD)  and  the  AB-X1X2
(+0.43 SD).

Milk coagulation properties were measured according to the standard parameters,
rennet clotting time (RCT), curd-firming time at 20 min (K20), and curd firmness
at 30 min (A30). In this case the effect of the combined genotype was consistent
for the rennet clotting time, where the main difference (+1.91 min, 0.61 SD) was
revealed between AA-X1X2 and AB-X1X1.

In summary,  the B allele at  αs1-casein was associated with increased RCT and
K20 together with weaker curds compared with allele A. Conversely, the allele
X2 at the k-casein had contrary effects on milk coagulation properties compared
to  CSN1S1  B.  However,  these  two  alleles  seems  to  have  a  cis-  phase  and
segregate  together  for  effect  of  the  linkage  disequilibrium.  Therefore,  the  X2
allele  likely  cancels  the  positive  effect  of  B  allele.

From these two studies, it is quite evident that mating of animals with favorable
genotypes may move quickly the allele frequency at the loci of economic interest
(like  the  casein  genes),  representing  an  active  way  to  change  milk  protein
composition,  which  can  also  play  an  important  role  in  the  variation  of  milk
coagulation  properties  and  technological  characteristics  of  buffalo  milk.

3.3. The Stearoly CoA Desaturase Gene (SCD)

Stearoyl-CoA desaturase (SCD) belongs to the group of microsomal enzymes and
it plays a fundamental role in the metabolism of the fatty acid (FA). This enzyme
catalyzes  the  insertion of  the  first  cis-double  bond at  the  Δ9 carbon for  a  wide
spectrum of fatty acyl-CoA substrates [38]. For this reason, it  is known also as
delta-9-desaturase.  The  corresponding  SCD  gene  has  been  considered  as  a
candidate gene influencing milk FA profile [39]. In river buffalo, the SCD gene
and its promoter region have been characterized by Pauciullo et al. [40, 41]. Most
of the consensus sequences regulating the lipid metabolism have been found in a
short  DNA  fragment  (130  bp  long  between  the  nucleotides  -382/-250  of  the
promoter  region),  suggesting  an  essential  function  of  this  region  in  the  gene
expression (Fig.  3).  15  SNPs were  detected,  and among these,  the  transversion
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g.133A>C at position -461 of the promoter falls between two SP1 binding sites,
thus creating a new consensus site for this transcription factor. As a consequence,
the  carriers  of  the  C  allele  are  characterized  by  three  consecutive  SP1  binding
sites.

Fig. (3). Key transcription factors binding sites found in the promoter region of the river buffalo SCD gene.
The  conserved  PUFA  response  region,  including  the  sterol  response  element  (SREBP),  CCAAT-box
(C/EBP), nuclear factor (NF)-1 and stimulator protein 1 (SP1) binding site, are shown. TATA motifs and
peroxisome proliferator activated receptor-γ (PPAR-γ) are also shown proximal to the transcription start site.
SNP g.133A>C is  indicated  with  M nucleotide  according  to  international  nomenclature.  (Modified  from
Pauciullo et al. [41]).

SP1  binding  sites  are  well-known  enhancer  elements  for  gene  expression  and
occur frequently in clusters generated by the promoter VNTR (Variable Number
Tandem Repeats)  [42].  Mutation analysis  of  SP1-binding sites  showed that  the
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number  of  SP1-binding  sites  within  a  cluster  could  determine  the  transcription
rate  of  the  respective  gene  [43].  Therefore,  the  variability  found  in  the  buffalo
SCD SP1 cluster  could be responsible  for  the variation in  SCD expression and
consequently SCD activity.

Since SCD is known to be the key enzyme controlling the desaturation rate of FA,
the level of SCD activity can be assumed to have a direct effect on desaturated fat
content in several tissues. A preliminary association study with the milk fatty acid
content  confirmed  that  the  C  allele  significantly  affects  the  total  desaturation
index  (P<0.01)  [40].

The same SNP was also significantly associated with test day milk (P=0.02) with
an effect of the genotype AC accounting for more than 2 kg/d in comparison with
the genotype CC, which means about  28% more milk per  day.  Conversely,  the
genotype AA showed slightly lower milk yield than AC. The lactation curves of
the 3 genotypes had a constant behavior during the entire lactation period.

The  allele  substitution  effect  of  the  A  into  C  was  estimated  in  about  -1  kg/d
(P<0.01), whereas the total phenotypic variance was affected for a total of 12% by
the variance of the genotype (Table 4).

Table 4. Mean ± SE of milk yield (kg/d) for the substitution effect g.133A>C in the promoter region of
the  river  buffalo  SCD  gene  and  contribution  of  such  polymorphism  to  the  phenotypic  variance.
(Modified from Pauciullo et al. [41]).

Trait α P d P σ2
SCD σ2

c σ2
e r2

c r2
SCD

Milk yield -1.01±0.38 0.007 1.22±0.49 0.013 0.93 4.21 2.72 0.61 0.12
α: Substitution effect
d: dominance effect
σ2: variance components associated to the genotype (SCD); to the individual buffalo cow (c), to residuals (e)
r2: contributions of genotype (SCD) and of individual buffalo cow (c) to the total phenotypic variance

A dominance effect was also found in the same population and for the same trait
(Table 4). It accounted for more than 1.2 kg (P<0.02) of milk yield. In general,
this genetic interaction effect is considered non-significant because numerically
much  lower  than  the  additive  effect,  although  it  can  also  have  an  influence  on
allele substitution effect. However, its detection can explain the higher productive
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level of the animals (AC) compared to the best phenotype (AA).

It is also well-known that the lipid metabolism and the biosynthesis of de novo
FAs are characterized by multiple pathways and they are energetically expensive.
In  dairy  cattle  [44,  45],  cows  characterized  by  higher  desaturase  activity,  also
liven up less nutrients to milk yield. This situation seems to be observed also in
river  buffalo,  where  the  carriers  of  the  genotype  CC  for  the  SCD  gene  are
characterized by a higher MUFA content in milk [40], but they also have a lower
milk yield.

CONCLUSION

The  improvement  of  the  productive  level  of  domestic  animals  starts  with  the
improvement of environmental condition. This was regularly applied for several
years in river buffalo, so that health, feeding and livestock systems has improved
remarkably in recent years. Conversely, little has been done in terms of genetic
progress  in  this  species.  In  this  chapter,  although  not  exhaustive,  knowledge
dealing  with  the  molecular  bases  of  genetic  selection  in  river  buffalo  has  been
reviewed.  Several  recent  studies  showed  new  genotyping  data  and  haplotype
structure  of  key  genes  involved  in  the  improvement  of  quali-quantitavive
characteristics of milk.  These findings open the way for a future application of
selection  programs  assisted  by  genetic  markers  (MAS  or  GAS),  which  may
represent  a  promising  choice  for  planning  appropriate  breeding  schemes  for
Italian river buffaloes. In this respect, genetic markers significantly associated to
milk  production  traits  may  give  the  right  information  for  the  identification  of
animals with high breeding value.
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Abstract: This chapter will focus on the effects of interaction of river buffaloes with
the environment both in confinement and in extensive conditions, on their behavior and
welfare. Firstly, the time and place of domestication are described. Sections on time
budget, foraging and feeding habit, maternal and social behavior, and some aspects of
style  of  interaction  with  the  environment  and  temperament  are  then  elucidated.
Subsequently, focus is shifted on the quality of relationship between stock-people and
animals,  which  is  an  important  aspect  affecting  animal  welfare  in  modern  farms.
Finally, the welfare consequences of intensive farming on buffalo welfare are evaluated
using a number of animal-based indicators.

Keywords: Animal welfare, Behavior, Dairy buffalo, Housing system.

1. INTRODUCTION

The wild species belonging to the genus Bubalus were widely distributed in Asia
and Europe during the Pleistocene. The subsequent climate changes restricted the
area of distribution of wild species to the Asian continent, from India to the far
South-East.  The  corresponding  domestic  animals  are  generally  referred  to  as
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water  buffaloes  and  grouped  in  two  main  classes  on  the  basis  of  their  genetic
make-up  and  phenotype.  The  river  buffaloes  present  50  chromosomes,  and  are
currently  widespread  in  Italy,  few eastern  European  countries,  middle  east  and
India;  the  swamp  buffaloes  present  48  chromosomes  and  are  mainly  found  in
South-East  Asia  (China,  Bangladesh,  Vietnam, etc.)  [1].  The time and place of
domestication of buffaloes have been debated for a long time but recently, Kumar
et  al.  (2007)  proved  that  river  and  swamp  buffaloes  were  independently
domesticated  [2].  In  particular,  all  of  the  buffaloes  belonging  to  the  river  type
(including both Indian and Mediterranean animals) are likely to be derived from
the  same  stocks  [3].  This  sub-group  was  domesticated  around  6300  years  BP,
whereas archaeological studies identified the South-East of India as the place of
domestication [3]. Most likely in the period around 2600 BP, water buffaloes were
taken  by  Arabs  from Mesopotamia  to  the  Near  East.  During  the  Middle  Ages,
pilgrims  and  crusaders  possibly  brought  the  domestic  animals  back  to  Europe.
There,  buffaloes  were  reared  in  extensive  conditions  for  centuries,  whereas
nowadays they are predominantly kept in intensive conditions. This chapter will
deal with the expression of river buffalo behavior, in intensive and in extensive
conditions,  and  will  subsequently  focus  on  how  different  housing  systems  and
management practices can affect the welfare of these animals.

2. BEHAVIOR

2.1. Time Budget in Extensive Conditions

In  extensive  conditions  in  ruminants,  time  is  allocated  and  spent  on  different
behaviours,  according  to  stocking  density,  nutritional  requirements  as  well  as
availability and distribution of food together with the perceived threat of possible
predators. A significant amount of data is available on time budget of cattle, sheep
and goats in extensive temperate and tropical zones [4, 5], whereas little is known
about  the  allocation  of  the  time  performed  by  the  buffaloes.  The  wild  African
buffalo  (Syncerus  caffer)  at  the  Kruger  National  Park  (South  Africa)  has  been
studied with regard to the analysis of its diurnal activity, and it has been shown
that these buffaloes spend approximately 40% of the time grazing, followed by
30% resting  and  30% ruminating  [6].  Accordingly,  in  Uganda  buffaloes  of  the
same species spend 9 h a day grazing and 6.4 h a day ruminating [8]. Conversely,
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the  feeding  time  of  Cape  buffalo  (Syncerus  caffer  caffer)  covers  52%  of  the
daytime with peaks observed in the morning and in the evening, whereas resting
has been more often observed at midday [7]. In Italy buffalo farming has been run
extensively  for  a  long  time.  Buffaloes  are  still  characterized  by  some
physiological  and  morphological  features  acquired  through  natural  selection,
which  are  then  capitalized  to  reinforce  their  ability  to  thrive  well  in  open
environments (e.g. reproductive seasonality, melanin-pigmented skin). Recently,
an experiment on maintenance behavior of buffalo heifers [9] was conducted in a
fenced Mediterranean maquis located in Southwest Italy. At the beginning of the
experiment, animals were about 8 to 9 months of age. They were free to graze and
continuous focal animal sampling was used to collect behavioural data [10] from
April to October. The activities displayed by the buffaloes during 6-h observation
periods are depicted in Fig. (1). The behavioural pattern of other ruminants reared
in extensive environmental conditions was similar [4].

Fig. (1). Behavioral pattern (%) of buffalo heifers observed over 6-h periods in extensive conditions [9].

No significant effect of season on the distance covered by the animals was found
by authors, although a longer distance was run in spring time (Table 1). Ryan and

!
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Jordaan [6] report a distance of 3-4 km covered by the African buffalo in 24-h.
Grazing  activities  were  found  by  the  same  authors  to  be  performed  more
frequently during the dry rather than the wet season, whereas the proportion of
time spent grazing by Mediterranean buffalo heifers was not influenced by season,
with values ranging from 0.60, in spring to 0.41, and 0.43, in summer and autumn,
respectively.  This  may  be  due  to  the  fact  that  in  the  latter  study  behavioural
observations were mainly run in the first half of the day, whereas grazing would
be more frequent among animals in the summer during late afternoon and night.
Mediterranean buffalo heifers lay less in spring (0.21) than in autumn (0.43) and
summer  (0.43).  Similarly,  ruminating  was  less  often  displayed  in  spring  (0.11)
than in autumn (0.32) and summer (0.26). These results collectively suggest that
animals are characterized by high levels of inactivity during the day in response to
high environmental  temperatures,  as witnessed by a more frequent lying down,
resting and ruminating behaviours.

Table 1. Season effect on activity budget (least square means and s.e.) of buffalo heifers observed in a
6-h periods.

Variable Spring Summer Autumn P

Distance travelled, km 2.83 1.59 1.77 0.26

Lying down1 0.21 0.43 0.43 0.05

Location in the shade or mud1 0.23 0.43 0.248 0.21

Grazing1 0.60 0.41 0.43 0.13

Walking1 0.10 0.11 0.10 0.99

Resting1 0.11 0.19 0.12 0.46

Ruminating1 0.11 0.26 0.32 0.02

Other1 0.08 0.04 0.02 0.13

Self-grooming2 1.17 0.83 1.00 0.91
1Data are expressed in terms of proportion of time.
2Data are expressed in terms of number of events per animal.

It has been reported that buffaloes tend to spend 39% of their time on ruminating,
34% on resting and 27% on feeding [11]. Napolitano et al. [9] and Bud et al. [12]
reported more time spent on feeding (37-54 and 48%, respectively) and less time
on  ruminating  (28  and  23%,  respectively)  in  buffaloes,  whereas  the  remaining
time was spent resting (18-35 and 14%, respectively) and walking. Similar results
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were obtained by Braghieri et al. [13] in Podolian cattle. However, in buffaloes
much of resting was performed while wallowing in the mud. Although little data
are available on this specific buffalo behavior, these animals wallow frequently
when water is available for thermoregulatory purposes, as it is also shown by a
higher  sebum  secretion,  which  has  the  function  to  protect  the  skin  while  the
animals lay in the mud. [14]. In summer the heifers spent in the mud a proportion
of time (Table 1) much higher than in the other seasons [9], while about 50% of
adult female buffaloes wallow when mud or water are available [15]. Insufficient
heat dissipation in buffaloes has been associated with reduced dry matter intake
and  milk  production  [16],  whereas  in  cattle  reduced  conception  rate  and  milk
production has been observed as a consequence of heat stress [17]. In addition, in
buffaloes a lack of free access to water during the hot season determines reduced
milk  production  [15]  and  fertility  [18].  Bathing  and  wallowing  usually  induce
buffaloes to perform integumentary care, considering that self-grooming is often
reported to be associated with body muddiness [19]. Napolitano et al. [20] have
proposed, as a potential indicator of good welfare, self-grooming behaviours. In
fact,  animals  find  difficult  to  turn  their  head  around,  to  bend  their  spine  or  to
spread their  legs,  if  the floor is  slippery,  because they will,  very likely,  tend to
loose  their  balance.  With  animals  kept  on  pasture,  the  availability  of  natural
flooring  may  ease  their  behavioural  expression  of  self-grooming  [15].

2.2. Time Budget in Intensive Conditions

Confinement  of  domestic  animals  radically  changes  their  life  by  affecting  the
habitat, activity and capability of individuals to choose whether to stay or leave.

Buffaloes have evidently less room for movement under confinement conditions,
and the promotion of expression of species-specific behaviours may be affected
due  to  lack  of  proper  stimuli.  Murrah  buffaloes  in  loose-housing  conditions
devoted  more  time  on  eating,  idling  and  walking  during  day,  whereas  at  night
more  time  was  devoted  to  ruminating  and  sleeping  [21].  In  lactating  buffaloes
eating behavior was predominantly expressed at 04:00, 09:00, 13:00, 15:00, and
19:00. Conversely, ruminating was more often performed during early morning
and late evening, sleeping was more frequent at 3:00 and 23:00 and idling at noon.
The  main  behavioral  categories  observed  in  adult  dairy  buffaloes  kept  in



74   The Buffalo (Bubalus bubalis) - Production and Research Napolitano et al.

confinement  are  reported  in  Fig.  (2)  [22].

Fig. (2). Behavioral pattern (%) of buffaloes observed in intensive conditions [22].

Buffaloes  kept  in  intensive  conditions  spend  less  time  feeding  and  more  time
idling  as  compared  with  buffaloes  reared  in  extensive  conditions.  The  reduced
level of activity expressed in confinement is also suggested by the high percentage
of animals observed in lying postures.

The concept  of  boredom has been used to  explain the state  of  animals  in  these
conditions  [23].  Other  authors  have  stated  that  a  high  level  of  idling  can  be
considered  an  abnormal  behavioral  expression  [24  -  26].  A  number  of  farm
animals  are  able  to  display  long  periods  of  inactivity  that  may  reflect  the
inadequacy  of  their  surrounding  environment  [27].  Accordingly,  in  intensive
conditions,  where  facilities  such  as  water  for  wallowing  and  pasture  are  not
available, buffalo cows increase the time spent idling [28] and show a reduction in
exploration  [15].  Buffaloes  show  a  strong  motivation  to  investigate  the
surrounding environment [29] and reduced explorative activities, as observed in
intensive conditions, and this can be regarded as an indicator of poor adaptation to
the environment. No direct studies in the buffalo species have been conducted on

!
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the real space needed, when the intensification of buffalo farming inevitably leads
to  a  reduction  of  space  allowance.  Such  a  reduction  may  have  a  number  of
negative effects on buffalo welfare. In particular, health may be impaired due to
possible increased incidence of injuries and lesions and increased expression of
agonistic behaviors. An evident stress reported in several categories of buffaloes
such as un-weaned and weaned calves, heifers and cows, results from a lack of
space [28 - 31].

It  has  been  found  that  space  allowance  affects  the  lying  positions  of  young
buffaloes [29, 30]. Animals kept in a restricted space are more subjected to being
trodden on by their pen-mates, thus they increase the number of bent legs, lying
preferentially in a sternal recumbency. Calves at higher space allowance are more
often  observed  lying  idle,  which  may  be  considered  as  an  indicator  of  animal
comfort [29], whereas in a restricted space this posture may be hindered by the
activities of the group-mates [30]. In another study on adult buffaloes, lying idle
was not influenced by a higher space allowance as these animals also benefited
from an outdoor paddock and facilities for wallowing [15, 28], which may elicit
more varied behavioral activities.

In  addition,  it  has  been  found  that  un-weaned  calves,  when  subjected  to  space
restriction, increase their feeding activity only during the last period of weaning
[30],  whereas  in  weaned calves  this  occurs  throughout  the  experimental  period
[29].  In  both  studies  weight  gain  was  not  influenced  by  space  allowance,  thus
suggesting that  a  lower space allowance may have a detrimental  effect  on feed
conversion  rates.  Similarly,  lactating  buffaloes  did  not  modify  their  feeding
activity  at  different  space  allowances,  whereas  a  lower  milk  production  was
observed in the restricted buffaloes as a possible effect of reduced feed conversion
rates [15].

2.3. Ingestive Behavior

The quality and availability of forage for ruminants grazing in the Mediterranean
areas change spatially and seasonally [32]. For example, as herbaceous plants tend
to become senescent during the hot and dry seasons, the concentration of crude
protein declines while there is  an increase in the fibre level [33].  Intake of any
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plants seems to be influenced by its physical characteristics, its accessibility and
its palatability [34, 35]. The availability and accessibility of the various pasture
components is dependent on their relative height, position and density [36, 37].
Palatability  depends  on  feed’s  taste  and  its  relationship  with  post-ingestive
feedback,  determined  by  both  food’s  chemical  characteristics  and  the
physiological  state  of  the  animal  [38,  40].  Animals  discriminate  among  foods
using taste, odor, and sight, which are source of hedonic sensations [40, 41]. They
acquire  preferences  for  nutritious  foods  and  dislike  foods  with  low  nutrient
contents  or  high  toxin  levels  [39,  40,  42].

According to Macandza et al. [43], African wild buffaloes observed in a savannas
environment  incorporate  into  their  diet  plant  species  initially  disliked.  In
particular,  they  prefer  grass  plants  such  as  Heteropogon  contortus,  Cenchrus
ciliaris, Panicum coloratum and Panicum maximum during the entire dry season,
whereas other grass species initially disliked such as Digitaria eriantha, Urochloa
mosabicensis and Urochloa oligotricha are significantly included into their diet
from late August onward, and Eragrostis superba and Bothriochloa spp. are only
eaten in October (end of the dry season). Therefore, African wild buffaloes cannot
be  regarded  as  unselective  bulk  grazers,  as  they  changed  grass  selection  and
grazing  places  according  to  forage  quality  and  availability  throughout  the  dry
season,  which  represents  the  most  critical  period.  For  instance,  when  the
availability  of  both  preferred  Panicum  declined,  nutritious  but  with  medium
height (less available) plants such as Digitaria and Urochloa, took over as main
foods  during  the  dry  season.  Nevertheless,  fecal  samples  indicated  that  wild
buffaloes  are  not  browsers,  as  they  rarely  ingested  woody  plants  or  shrubs.

In  an  experiment  conducted  in  the  Mediterranean  basin  [9],  where  woods  and
shrubs occupied 10% of the vegetation and the remaining consisted of grass, the
intake  of  woods  and  shrubs  was  not  observed,  thus  suggesting  that  dairy
buffaloes, as also shown for the wild buffaloes by Macandza et al. [43], cannot be
considered highly selective animals (i.e. browsers), rather they can be classified as
grazers  [44].  The  same  authors  showed  that  bite  rate  and  body  weight  were
negatively  correlated  with  increasing  body  size,  and  animals  could  take  larger
bites and therefore needing more time to be chewed and swallowed [9]. Heifers,
in  addition  to  natural  pasture,  also  received  meadow hay  and  dehydrated  beet-
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pulps from December to March. These animals showed lower weight gains and
puberty  weights  as  compared to  buffalo  heifers  kept  in  confinement.  However,
puberty  age  was  similar  in  the  two  experimental  groups.  In  addition,  grazing
animals needed a lower input of feeds in competition with humans (e.g. cereals)
and  a  lower  use  of  fossil  fuel,  chemical  fertilizers,  water  for  irrigation  and
pesticides. Therefore, farming buffalo heifers in extensive conditions may reduce
their environmental impact with negligible effects on production efficiency. As
observed for African wild buffaloes living in the savannas, the domestic buffaloes
originating from tropical areas (see paragraph 1) are well fit  to an environment
which is characterized by a large variety of food availability and related quality.
In fact, during floods in the Brazilian Amazon, when cattle become isolated on
small  patches  of  high  ground,  many  may  suffer  from  foot  rot  and  fasting,
buffaloes are able to swim out to islands of floating aquatic plants and eat them.
They can also dive to graze beneath the floodwaters. In other parts of the world
buffaloes voluntarily consume vegetation unpalatable to other ruminants [45]. It
has been reported that buffaloes have higher digestive efficiency in terms of crude
protein and fiber fractions as compared to sheep and cattle. These findings may be
related  to  the  fact  that  these  animals  receive  less  energetic  rations  [46].  In
addition,  dairy  buffaloes  have  a  rumen  with  the  following  anatomic  and
physiological  features:  high  bacterial  activity,  small  outflow  rate,  slow
movements  and  large  volume  [47  -  50].  However,  these  higher  digestive
performances  are  less  evident,  when  high-energy  diets  are  used  [51].

Large  variations  in  diet  composition  and  feeding  habits  have  also  produced  a
higher  resistance to  dietetic  unbalances,  such as  protein  in  excess.  In  cattle  the
provision of diets with high nitrogen contents induce high concentrations of NH3

in  the rumen,  which is  converted into urea in  the liver  and found in  the blood;
technopathies such as lameness have been often related to these conditions. By
contrast, in buffaloes protein surplus can be more easily excreted under the form
of urea and even re-ingested through the saliva and re-utilized, with no effects on
animal health (Fig. 3). On average in lactating buffaloes, the intake of dry matter
(16 kg DM/animal/d) is 30% lower than in dairy cattle (22 kg DM/animal/d) [52].
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Fig. (3). Re-utilization of nitrogen consequent to protein surplus in buffaloes.

2.4. Mother-Young Relationship

As  in  other  domestic  mammals,  buffaloes  develop  a  strong  mother-calf
relationship soon after parturition during a sensitive period, which allows the dam
to acquire a selective behavior [53, 54]. In fact, after this period the buffalo cows
accept their own young and actively reject alien calves. However, in this species
Murphey  et  al.  [55]  frequently  observed  a  form  of  behavior  defined  as  allo-
nursing and consisting in female lactating cows suckling a group of alien calves.
In terms of fitness this behavior represent an advantage for the sucking calves and
a disadvantage for the suckling cows, whereas from a technical point of view allo-
nursing  may  determine  uneven  growth  of  the  calves,  as  dominant  animals  can
have more frequent access to the udder and ingest more milk than subordinates
[56].  A subsequent  research showed that  this  behavior  was  not  associated with
either kinship or affiliative social behavior between cows, rather it was attributed
to inexperience of young cows combined with high motivation to feed in calves
receiving insufficient amount of milk from less productive cows [57]. No studies
have been conducted on the exact age of natural weaning in buffaloes. However,
many factors can affect it. In particular, the onset of a new pregnancy may reduce
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milk production and motivate the calf to search for alternative source of foods,
whereas  a  low  availability  of  palatable  forage  may  induce  the  calf  to  rely  on
maternal milk for longer.

In  modern  buffalo  farming  most  of  the  male  calves  exceeding  the  replacement
needs  are  unwanted  due  to  their  low  growth  rates,  which  makes  male  calves’
rearing  uneconomical.  This  may  raise  concerns  about  their  welfare  if
inappropriately treated when euthanized or sold at such an early age. Conversely,
most of the female calves are kept as replacement animals, although they are soon
after birth separated from their mothers in order to make more milk available for
mozzarella  cheese  production.  The  consequent  application  of  a  milk  replacer
based feeding regimen represent a marked emotional and nutritional stress for the
calves,  which can lead to immune suppression and increased mortality rates.  A
mortality of 10 to 20% has been reported as the normal range, with even twofold
values in farms providing inadequate technical standards [58].  One of the most
common causes of increased mortality is scour, which is particularly frequent in
calf less than a month old [59].

2.5. Social Behavior

As other domestic ruminants, buffaloes show a strong motivation to live in social
groups.  Fig.  (4)  displays  the  voluntary  aggregation  of  a  group  of  free-ranging
heifers  in  a  Mediterranean  environment.  The  expression  of  a  marked  social
behavior has been explained on the basis of the increased fitness possibly induced
by augmented protection against predators (advantages deriving from improved
detection of predators, increased dilution of prays, more efficient active defence)
and  increased  efficiency  in  food  detection  (local  enhancement),  which  have  to
prevail over the costs of living in groups such as resource sharing. The tendency
of  buffaloes  to  maintain  close  proximity  makes  handling  easier  with  beneficial
effects both on animal welfare and stock-people safety (Fig. 5).

A study conducted in Central African Republic (Dzanga-Ndoki National Park) on
a  group  of  forest  buffaloes  (Syncerus  caffer  nanus),  showed  that  the  spatial
distribution  of  animals  within  a  group  can  be  heavily  affected  by  the  habitat
characteristics  and  the  social  behavior.  In  particular,  the  group  when  in  open
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habitats, displayed a more aggregated spatial distribution than when it was in the
forest,  and  age  and  sex  were  relevant  factors  with  regard  to  their  individual
positions within the herd. In particular, usually the adult male would be always
located  in  the  centre  of  the  herd.  In  contrast,  females  and  juveniles  occupied
intermediate and peripheral positions within the group [60].

Fig. (4). Buffalo living in extensive conditions and keeping proximity to one another.

Animals living in long lasting social groups show social facilitations of behavior
and are often involved in synchronized activities: lack of synchronization may be
interpreted as a sign of discomfort. Conversely, a positive state of welfare, and in
particular  for  subordinate  animals,  may  be  shown  by  a  high  degree  of  activity
synchronization within the herd [61]. Supposedly, the basic feeding and resting
requirements  of  low  ranking  animals  engaged  in  such  behaviours  can  be  met,
when there is a low competition for any resources of interest, like night feeding
and resting while most animals are occupied by ingestive activities. Their welfare
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though would be improved if such animals, together with the other members of
the group, could choose where and when to perform those behaviours. In such a
way, each high or low ranking animal would be allowed to be fully integrated as a
herd member.

Fig. (5). Buffaloes walking close together when being moved by stock-people.

Associations  among  some  animals  may  be  more  frequent  than  among  others.
Social interactions can be roughly divided into agonistic (aggressive encounters
and threats)  and  non-agonistic  (e.g.  social  licking).  In  more  associated  animals
socio-positive behaviors are more often observed. In particular, social licking is
associated to familiarity (i.e. time spent together), and such behavior can therefore
be  inhibited  when  frequent  grouping  occurs,  or  when  a  large  group  size  is
involved,  as  a  consequence  of  disturbed  social  structure  [62].

Agonistic  interactions  in  buffaloes,  as  well  as  in  other  domestic  animals,  are
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essential  for  the  formation  and  the  maintenance  of  the  social  structure  of  the
group. These interactions, after the formation of the social structure of the group,
are  replaced  by  threats  performed  by  dominant  animals  determining  a  flight
reaction by subordinate animals without any physical contact. The frequency and
the  intensity  of  agonistic  interactions  are  influenced  by  different  factors  (e.g.
housing  system,  space  allowance,  group  size).  Although  the  expression  of
agonistic interactions is considered a normal behavior, in pigs and cattle increased
frequency of these interactions have negative effects on their welfare [63, 64]. In
addition, dehorning in buffaloes is not practiced and, in horned cattle, it was found
that the higher was the level of agonistic interactions the higher was the number of
skin injuries [65].

The  main  social  activities  of  two  groups  of  lactating  buffaloes  are  reported  in
Table 2. The animals benefiting from high space allowance and having access to a
water  for  wallowing  more  often  performed  socio-positive  encounters,  such  as
nuzzling  and  sniffing  conspecifics  and  social  lickings,  than  animals  housed  at
lower space and without a pool [15].  Behavioral  and physiological  systems are
able to induce beneficial and health–promoting effects as a consequence of socio-
positive  interactions.  Hormones  such  as  endogenous  opioids,  oxytocin  and
vasopressin  support  active  systems  sustaining  the  positive  components  of  the
homeostatic physiology [66].  In particular,  social  licking has been defined as a
cohesive  interaction because  it  can have a  role  in  stabilizing and strengthening
social  relationships  [67  -  69].  In  animals  with  a  higher  space  availability,  the
access to a pool stimulated the performance of positive social interactions, thus
promoting group cohesion [15]. Unexpectedly, these animals also performed more
agonistic  interactions.  In  general,  reduced  space  allowance  can  determine  an
increase  in  agonistic  interactions  as  a  consequence  of  lack  of  space,  which
determines  a  difficulty  in  withdrawing  of  subordinate  subjects  from  dominant
animals.  In  weaned buffalo  calves  a  reduced space allowance caused increased
agonistic interactions (7.77/animal) in comparison to animals benefiting from a
higher space availability (2.06/animal) when observed over a period of six hours
[29]. However, in a lactating buffaloes study (Table 2) the agonistic interactions
were  much  less  expressed  (0.16  vs.  0.08/  animal  for  animals  with  and  without
access to a pool, respectively) than in a previous study, possibly because of the
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different space allowances used in these two mentioned studies: 3.4 m2/animal in
weaned calves [29] and over 10 m2 in adult buffaloes [15].

Table 2. Main social interactions (n. of events per animal) expressed by buffalo cows during 5-h periods
of observation.

Behavioral Categories WP1 NP2 P

Social licking 0.15 0.09 <0.05

Other socio-positive interactions 0.12 0.07 <0.01

Agonistic interactions 0.16 0.08 <0.01
1WP = cubicle open barn + outdoor paddock + concrete pool
2NP = cubicle open barn

Values reported by De Rosa et al. [15] are, in fact, similar to those observed by
Sabia  et  al.  [9]  in  heifers  kept  on  pasture.  These  animals  showed  a  number  of
agonistic interactions ranging from 0.8 to 2.0 events over six hours of observation
and  a  number  of  non-agonistic  interactions  ranging  from  2.5  to  3.2  events
expressed  by  the  focal  animals  in  six  hours  of  observation.

As already stated, agonistic interactions may be considered normal behaviors and
high as well as very low occurrences may suggest that the social environment is
not optimal [69].

These  studies  indicate  that  in  herds  kept  with  appropriate  space  allowance,  the
agonistic social interactions do not negatively affect the welfare of buffalo. Grasso
et al.  showed that,  soon after group formation, a linear hierarchy is established
[70].  Males are often integrated in the female group,  where they are dominant.
Although  generally,  once  hierarchy  has  been  established,  few  agonistic
interactions can be observed, problems can occur when bulls interact in aggressive
manner  towards  subordinate  subjects,  thus  causing  harms  to  young  animals  or
cows by hitting, horning and head butting.

2.6. Demeanor

A  characteristic  of  buffalo  demeanor  is  the  expression  of  high  levels  of
explorative  activities  as  compared  to  cattle  [71].  Such  activities,  along  with
vocalization and locomotion are  increased when these  animals  are  subjected to
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open field tests involving exposure to an unknown environment and isolation. In
particular,  after  a  period  of  space  restriction,  buffaloes  tend  to  increase  the
expression  of  locomotion  and  other  dynamic  behaviors,  which  were  somehow
suppressed  during  confinement  [29],  as  a  possible  consequence  of  increased
motivation to perform physical activity. Exposure to novelty and the consequent
increased  explorative  activities  are  instead  more  related  to  the  need  of  the
buffaloes  to  gain  information  about  an  unknown  environment.  In  another
experiment the exposure to a novel object represented by a traffic cone induced
the  buffalo  heifers  kept  in  loose  housed  conditions  to  spend  more  time  in
explorative activities directed towards the new stimulus as compared to animals
kept  on  pasture  [9].  This  differential  response  may  be  due  to  the  fact  that  in
confinement the animals were exposed to a reduced number of stimuli and were
therefore  more  motivated  in  initiating  explorative  activities,  particularly  when
new stimuli were available; conversely, free-range animals were used to interact
with  a  more  variable  environment,  thus  showing  little  interest  in  a  novel  but
irrelevant  object.  Increased  levels  of  vocalization  are  generally  related  to  fear
responses  [72].  However,  this  behavior  is  also  a  form  of  communication
expressing a motivation to re-join the group and it is used to stay in contact with
the social partners [73]. The animals kept indoors and living in strict contact were
possibly more socially  dependent  and vocalized more when separated from the
other  members  of  the  group.  Conversely,  free-ranging  buffalo  heifers  were
possibly more used to separation from their companions due to the presence of
physical  barriers in the natural  pasture (vegetation,  rocks,  etc.),  thus showing a
reduced vocal response to isolation [9].

Buffaloes,  when  moved  to  the  milking  parlour,  show  a  consistent  order  of
entrance and a strong preference for one side, thus suggesting that management
practices disturbing their choices should be avoided in order to minimise stress
during  farming  routines  [74].  In  addition,  habituation  to  farming  routines  is
recommended  when  young  animals,  such  as  primiparous  cows,  start  to  be
subjected to new management practices. In fact, the exposure of these animals to a
pre-partum  habituation  programme  can  reduce  the  level  of  restlessness  during
their first milkings [75].
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Fig. (6). Word map of observer 1.

A methodology initially developed on pigs by Wemelsfelder et al. [76] has been
subsequently applied to buffalo heifers [77]: the qualitative behavior assessment
(QBA).  This  approach  does  not  rely  on  what  an  animal  does:  whether  it  eats,
bites, or lies down, but on how the animal behaves; it is based on the integration
of several pieces of information, which are usually ignored or separately recorded
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in the quantitative approaches. These pieces of information are gathered through
the free choice profile techniques, which allows the observers constructing their
own descriptive vocabularies using terms such as calm, curious,  bold,  agitated,
etc.,  to  assess  animal  behavior  and,  in  such  a  way,  detecting  how  the  animals
interact with the environment. Fig. (6) shows the word chart of one out of twelve
observers  used  in  this  study  where  his  vocabulary  and  the  semantic
characterisation  of  the  two  dimensions  of  the  consensus  space  can  be  seen.

Fig. (7). Plot of buffalo heifers tested in the home indoor pen (empty dots) or in a novel outdoor pen (full
dots) in the consensus space.
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Data are subsequently analyzed through a multivariate method such as generalized
Procrustes analysis. Buffalo heifers were isolated in two experimental conditions:
one  in  the  home  indoor  pen,  the  other  in  a  novel  outdoor  pen.  In  the  second
condition heifers were more restless and explorative, whereas in the first one the
animals were more relaxed and calm (Fig. 7).

Quantitative data confirmed these results in terms of higher levels of galloping,
sniffing and flight attempts observed when subjects were tested outdoor [77].

2.7. Human-Animal Relationship

The quality of human-animal relationship is an important factor when considering
farm animal  welfare.  A  large  mass  of  experimental  data  (see  Hemsworth  for  a
review) [78] has proven that the theoretical framework proposed by Hemsworth
and Coleman in 1998 [79] on the functioning of human-animal relationship was
applicable to farm animals. This model sustains that a negative behavior of stock-
people  may  provoke  fear  reactions  from  the  animals  with  possible  detrimental
effects  on  their  welfare,  production  and handling.  In  addition,  agitated  animals
may  reinforce  the  negative  attitude  of  stock-people,  thus  determining  more
negative  interactions  towards  animals.  This  model  works  also  in  other  way
around, as positive interactions between stock-people and animals may improve
animal welfare [80].

Animal responses to humans are largely influenced by previous experiences [78].
Animals  subjected  to  repeated  exposures  to  humans  may  undergo  to  a  process
called habituation. In addition, they may learn to relate humans with positive or
negative events [79]. A number of experiments conducted on sheep explored the
possibility  to  employ  humans  as  social  support  [81,  82].  Dairy  cows  during
milking in the presence of aversive stock-people showed fear and stress responses
as  indicated  by  the  increased  cortisol  level,  heart  rate  and  residual  milk  [83],
Empirical observations on dairy buffalo, supported by Saltalamacchia et al. [84],
report that oxytocin is often injected to ease milk removal from the udder. These
authors in 17 farms observed that  9.5% of milked buffaloes were injected with
oxytocin with 24% of the injected animals being primiparous. On the contrary, in
dairy cattle exogenous oxytocin during milking is rarely used [85]. In the study of
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Saltalamacchia  et  al.  [84]  the  frequency  of  oxytocin  injections  was  positively
correlated  with  number  of  steps  and  kicks  performed  by  the  animals  during
milking, whereas a negative association between kicking and positive stockperson
behavior  (e.g.  talking  quietly,  petting)  was  detected.  In  addition,  negative  and
neutral  stockperson  behaviors  were  not  linked  with the behaviour of  buffaloes
during  milking.  Although  it  has  been  reported  that  for  dairy  cattle  both
interactions (positive and negative) are related to animal restlessness at milking
[86,  87],  Saltalamacchia et  al.  result  indicate  that  also in buffalo the quality of
stockperson  interactions  may  affect  the  behavior  of  animals  during  milking.
Stepping and kicking performed by the animals during milking may be regarded
as  a  sign  of  agitation  and  aggressiveness,  respectively  [86,  88].  They  may  be
influenced  by  different  factors  (e.g.  poor  maintenance  of  milking  machine,
presence of  insects).  However,  a  clear  link between stockperson demeanor  and
animal  agitation  during  milking  was  observed  in  cattle  [86,  89].  In  particular,
these  studies  showed  that  the  use  of  positive  interactions  (e.g.  low  intensity
vocalizations, slow movements) increased animal calmness, whereas an increased
animal  restlessness  was  observed  when  negative  interactions  (e.g.  hitting,
shouting)  were  performed.  Hemsworth  et  al.  [90]  envisaged  that  training
programs aimed to improve human-animal relationship through the modification
of  stockperson  attitude  and  behavior  may  have  beneficial  effects  on  dairy  cow
productivity.

The quality of the human-animal relationship has been assessed through different
tests  [80].  They range from avoidance tests  executed in the home pen or at  the
manger, to the observation of animal behavior during handling. It has been widely
recognized that a valid assessment of human-animal relationship is given by the
avoidance  distance  test  [87].  In  buffaloes,  this  variable  measured  in  the  pen
showed a high short term test-retest repeatability, as its assessment performed on
three  different  occasions  at  15-20  d  intervals  was  highly  consistent  across  the
measurements [73]. In the same study, this variable was higher in cattle than in
buffaloes (242 vs. 64 cm), which is higher than goats (69 cm) [91] and similar to
that reported for sheep (238 cm) [92]. This may be due to the fact that buffaloes in
a novel situation, as can be regarded the execution of an avoidance test, display
high level  of  inquisitive  behavior  [77].  However,  this  test  may pose at  risk  the
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safety of the observers, as buffaloes, when approached in a pen, may run towards
the observers and hit them, if there is no space to flee, An additional risk may be
due to the presence of bulls, which are often kept with buffalo cows. Therefore,
for  the  observers’  safety  it  is  recommended  to  perform  the  measurement  of
avoidance  distances  at  the  manger.

Also in the case of avoidance distance measured at manger, buffaloes showed a
shorter avoidance distance (mean = 37 cm) [93] than sheep (mean = 68) [91], but
higher  than  fattening  bulls  (mean  =  12-15  cm)  [94].  In  addition,  buffaloes  are
more willing to be touched (median = 20%) [93] than sheep (mean = 14%) [92].
In buffaloes, these two variables (avoidance distance and proportion of touched
animals at the manger) showed a high inter-observer reliability, as indicated by
the good agreement between two observers in assessing these measures [93].

3. WELFARE ISSUES

For centuries, buffaloes have been reared with extensive systems in the wetland
regions of central-southern Italy. The application of modern husbandry practices
(e.g.  machine  milking,  artificial  rearing,  loose  housing.)  resulting  in  increased
milk production, has determined an intensification of buffalo farming. However,
this intensification has jeopardized buffalo welfare. For instance, a reduced space
allowance had a detrimental effect on behavioral and physiological responses of
calves  [29  -  31],  whereas  in  lactating  animals  the  lack  of  a  pool  or  potholes,
during the hot season, prevented the expression of wallowing, a typical buffalo
natural  behavior  [15,  28],  and  reduced  fertility  [18,  95].  Inappropriate  feeding
management  applied  to  dry  cows  and  to  female  calves  has  led  to  increased
incidence of vaginal and uterine prolapses [96]. The use of machine milking may
determine  milk  let  down  difficulties  if  the  functioning  of  the  machine  and
stockperson behavior are improper. Evidences on buffaloes show that exogenous
oxytocin is frequently used to ease milk ejection [84], whereas it is rarely utilized
in  dairy  cattle  [85].  Such  injections  can  often  cause  iatrogenic  abscesses.  In
buffalo calves the artificial rearing performed in intensive farming has also led to
increased morbidity (e.g. diarrhea), as a result of an impaired immune responses
and inappropriate housing conditions [59, 97].
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In  addition,  European  consumers  are  currently  becoming  more  and  more
concerned with the issue of animal welfare. In fact, animal welfare, together with
food  safety,  is  considered  an  important  component  of  an  overall  food  quality
concept. Therefore, it is crucial to develop a monitoring tool for the assessment of
buffalo  welfare.  Welfare  has  been  defined  by  several  researchers  [98,  99].  In
simple  terms  good  welfare  is  regarded  by  many  as  good  physical  and  mental
health of the animal. It  is also agreed that the welfare of an animal depends on
how  it  experiences  the  situation  in  which  it  lives.  This  may  include  negative
feelings,  such  as  hunger,  thirst,  pain  and  fear,  physical  discomfort,  injuries  or
diseases; and positive experiences, such as those produced by the expression of
reproductive,  maternal  and  affiliative  behaviors.  A  comprehensive  welfare
monitoring scheme must consider all these aspects. During the last decade several
welfare monitoring schemes have been developed in Europe [100, 101], taking in
account  various  parameters.  These  schemes  have  shifted  their  emphasis  from
resource-based measures (e.g. housing system, space allowance) and management
(e.g. feeding practices, grouping, milking routine) to animal-based measures (e.g.
behavior, health) [102 - 104]. This shift reflects the perception that many of the
welfare  outcomes  that  vary  between  farms,  do  so  as  a  result  of  the  interaction
between the animals (breed, age, and temperament), the standard of housing and
husbandry, and the attitudes of stock handlers and farm owners. As a result of this
interaction it is now agreed that provision of a defined physical environment is not
sufficient to ensure good welfare. Therefore, it  has been suggested that welfare
assessment should essentially be based on variable measured on animals, while
including management and resource measures to help identifying causes of poor
welfare and advice farmers on possible improvements. All measures should have
proven  to  be  valid  (measuring  the  actual  welfare  status  of  animals),  reliable
(acceptable  agreement  between  and  within  observers)  and  feasible  (practically
applicable) [105, 106]. This kind of measures are being integrated into a welfare
monitoring scheme specific for buffaloes as a result of the Welfare Quality project
(www.welfarequalitynetwork.net).

3.1. Health Indicators

In many farm species, including dairy buffaloes, the variation in energy reserves
is  usually  evaluated  through  the  assessment  of  the  body  condition  of  animals.

http://www.welfarequalitynetwork.net
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Although the development of more appropriate rearing techniques, acquisition of
improved management  skills  and  improvement  of  animal  genetic  have  led  to  a
remarkable  increase  in  milk  production,  buffalo  morphology  and  metabolism
remain closer to that of beef cattle [107]. Generally, lack of food is not a major
cause  of  poor  body  condition.  More  often  buffaloes  become  emaciated  as  a
consequence  of  other  health  problems  (e.g.  prolapses,  injuries).  Monitoring
buffalo body condition can therefore be a tool to gain information on the general
health status of the herd. The body condition scoring for buffalo cows has been
adapted from that devised for beef cattle by Lowman et al.  [108]: The score of
this  system  ranges  from  0  (very  thin)  to  5  (very  fat)  with  0.5  increments.  The
system should be utilized to evaluate evident under-nutrition (BCS< 2.5), with a
high proportion of animals in poor condition indicating a reduced level of welfare.
Unlike  cattle,  over-condition  in  buffaloes  (BCS>  4)  does  not  represent  a  risk
factor for ketosis [109, 110], whereas after calving may have a detrimental effects
on fertility [111].

Coat cleanliness is a measure included in most monitoring schemes. In both the
Welfare  Quality  protocol  for  cattle  and  the  AWIN  protocol  for  sheep  body
cleanliness is assessed as it is deemed a reliable indicator of animal comfort. In
addition,  dirtiness  is  a  predisposing  factor  for  skin  inflammatory  processes  by
inhibiting skin anti-microbial ability [112]. Udder and hind-limbs dirtiness may
also  favor  the  onset  of  subclinical  and  clinical  mastitis  [113,  114],  as
uncleanliness of these body regions promote the entrance of pathogens in the teat
and  udder.  In  addition,  an  association  between  udder  cleanliness  and  clinical
mastitis  has  been  reported  by  Munoz  et  al.  [115].  However,  in  buffaloes  the
presence of mud covering all or part of the body indicates that these animals have
access  to  facilities  such  as  pools  or  ponds  where  they  can  exhibit  the  natural
behavior of wallowing, which is fundamental for thermoregulation. Conversely,
when buffaloes are kept in confinement with no access to water,  their  skin can
become soiled with dung, which represents a potential risk factor for their health.

One of the major health issues in dairy cattle is represented by lameness, which is
a relevant cause of pain in these animals. Several locomotion score systems have
been  developed  to  assess  lameness  in  cattle  [89,  116,  117].  Some  of  these  are
more suited to experimental work, being very detailed, while others are simpler
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and more appropriate for welfare monitoring purposes at herd level. The presence
of clinical foot lesions is another indicator of lameness in cattle, but the detection
of these lesions requires intensive expert handling of the animals, including lifting
their feet, and therefore it is not applicable for welfare monitoring at farm level.
Lameness  may  be  due  to  various  factors,  including  unbalanced  rations,  bad
quality of floor surface, social interactions and related standing time [117, 118]. In
particular, subordinate subjects stand more time in the alleys, in the slurry and on
concrete surfaces with the hooves being more prone to soft tissue lesions [118]. In
dairy buffaloes lameness seems to affect a much lower number of animals. In a
recent study the authors report the absence of this pathology in most of the visited
farms [93], and explained their results on the basis of the different metabolism and
feeding regimen used in buffaloes as compared to cattle [119]. Conversely, hoof
overgrowth  is  often  reported  in  buffaloes  [120].  Floor  conditions  and  genetic
predisposition have been identified as risk factors. Both Whay et al. [102] in dairy
cattle  and  Napolitano  et  al.  [93]  in  dairy  buffaloes  suggest  including  the
prevalence  of  affected  animals  in  on-  farm  welfare  monitoring  schemes.

Injuries  are  a  significant  indicator  of  animal  welfare  both  in  intensive  and
extensive conditions,  as indoors lesions and swellings can derive from slippery
floors,  inappropriate  dimensions  of  cubicles  and  feeding  rack,  inappropriate
height of the manger, etc., whereas outdoors stony grounds, stingy brushes, and
predator  attacks  are  some  examples  of  risk  factors  potentially  causing  various
body damages. For instance, cows housed in cubicle systems more frequently had
injured or swollen knees and hocks than cows housed in straw-pen systems [103,
121]. For cattle different scoring schemes have been developed [122, 123]. Leeb
et al. [123] proposed to record on animal body any integument alterations such as
swelling  and  lesions  (wounds  and  scabs),  hairless  patches,  coat  thinning  and
callosity. This approach may also be applied to buffalo cows. However, particular
attention  should  be  paid  when  assessing  hairless  patches,  as  adults  normally
present  a  sparse  hair  coat.  Additional  aspects  to  be  taken  into  account  include
withers hygroma and dewlap edema, associated with too low feed neck rail and
too high feed kerb, respectively, and iatrogenic abscess, particularly those located
at  hindquarter  level,  associated  with  frequent  injections  of  exogenous  oxytocin
performed to obtain a complete ejection of milk.
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Disease and mortality records represent valid, reliable and feasible indicators of
the health at herd level. Unfortunately, at the moment only few countries can rely
on good quality farm records keeping. When these data are unavailable, enteric,
respiratory, reproductive disorders (e.g. metritis, prolapses), mastitis, culling rate
due to accidents and, disease and mortality should be recorded.

3.2. Behavioral Indicators

Although resting is a buffalo fundamental need, there are not many studies on this
aspect. Calves kept at low space allowance displayed reduced lying and resting
times  and an increased number  of  bent  legs  in  comparison with  animals  of  the
same age kept at higher space allowance [124]. In addition, when space allowance
is  reduced,  other  animals may disrupt  resting patterns by hitting or  treading on
them  [29].  Under  these  conditions  buffaloes  reduce  the  time  spent  lying  idle,
which is an important form of resting. In cattle, an inappropriate environment may
hinder posture changes from standing to lying by raising the probability of slips
and hits against cubicle bars. As a consequence, the time spent to lie down and the
proportion of animals colliding with pen partitions while lying down may be used
to assess the quality of resting in buffaloes [112].

Aggressive behavior of the bulls towards young and subordinate female cows is
becoming a welfare issue in modern buffalo enterprises as a possible consequence
of the confinement where flight distances may be reduced. In the past herds were
free to wander in wetlands, whereas buffalo are presently kept in barns at  5-10
m2/head with outdoor paddocks offering 8-14 m2/head. In addition, buffaloes are
rarely  dehorned  and  one  or  more  males  are  usually  kept  into  the  herd,  as  the
efficiency of artificial insemination is still  quite low. Social rank is affected by
weight, age, and time of permanence in the group [70]. Primiparous buffalo cows
are  usually  kept  in  one  group  with  the  other  lactating  animals  and,  for  at  least
some period of the year, with the bulls; since they occupy the lowest ranks they
are more frequently affected by injuries and lesions at the udder.

Oral stereotypies have been described in many species, including heifers and adult
dairy  cattle.  These  abnormal  behaviors  tend  to  be  expressed  for  longer  as  a
consequence of tethering [125], space restriction and reduced ingestion time [126,
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127].  In  buffaloes  only  few  data  are  available  and  oral  stereotypies  should  be
studied more thoroughly. Empirical observations report inflammation, infection
and injuries at prepuce, navel and teat levels as a consequence of cross-sucking in
young buffalo calves. However, inter-sucking, consisting in sucking milk from the
teat  of  a  companion,  is  frequently  observed  also  in  adult  lactating  animals,  as
indicated by the application of weaning rings in animals performing this behavior
with the aim to discourage it and reduce the consequent milk loss.

Good animal welfare not only include the prevention of disease, pain, and other
negative states but also the furnishing of living conditions that are appropriate to
animal needs. Therefore, the use of housing systems that prevent the expression of
natural  behaviors  may  have  a  detrimental  effect  on  farm  animal  welfare.  In
buffaloes, during the last decades, to enhance milk hygiene, the use of pools and
potholes,  characteristic  of  traditional  system,  has  been  abandoned  and  rarely
replaced by spray systems located in the feeding area. High levels of wallowing
and  grazing  behaviors  were  observed  in  buffaloes  provided  with  potholes  and
spontaneous vegetation [15, 28]. Accordingly, a higher fertility rate was recorded
in buffalo cows,  which were allowed to wallow in a pool  compared to animals
furnished  with  showers  in  order  to  ease  heat  dissipation  [95].  Moreover,  a
decreased  calving  interval  and  higher  conception  rate  was  recorded  in  buffalo
cows supplied  with  a  pool  [18].  The access  to  a  pool  also  determined a  higher
milk  yield  [15,  16].  Thus,  the  provision  of  systems  eliciting  the  expression  of
species-specific behaviours should be promoted.

4. FUTURE TRENDS

Based on the present knowledge, we conclude that further studies are needed to
cover  aspects  so  far  unexplored.  In  particular,  the  welfare  of  buffaloes  could
benefit  from  additional  information  concerning  dominance  relationships,  bull
aggressiveness,  synchronization  of  behavioral  activities,  with  the  first  two
representing  a  cause  of  increased  rates  of  injuries  in  heifers  and  subordinate
animals and increased culling rates of bulls. Another aspect to be studied in more
detail is inter-sucking as it can impair buffalo cow welfare in terms of nose ring
application as routine management practice and increased culling rate of sucking
animals.
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As in many other domestic ruminants kept on pasture, also in buffaloes feeding
behavior, including search, selection and ingestion of food, and resting in various
lying positions represent the two main behavioral categories occupying most of
their  time  budget.  However,  when  resources  are  available  these  animals  also
display specific natural behaviors, such as wallowing and bathing to facilitate heat
dissipation. Unfortunately, most of the modern intensive farms do not possess the
facilities  to  allow  some  of  these  behavioral  expressions,  such  as  grazing  and
wallowing, whereas in intensive systems other unwanted behaviors are becoming
more  common  (i.e.  inter-sucking).  The  application  of  a  valid  and  reliable
monitoring  scheme  may  be  used  to  identify  the  welfare  consequences  on  the
animals  and  the  related  main  risk  factors  although  additional  tools  (e.g.
benchmarking) should be implemented to promote a virtuous circle of continuous
improvement of animal welfare.
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CHAPTER 5

Thermal Balance in the Buffalo Species
Ramesh C. Upadhyay1,* and Narongsak Chaiyabutr2
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Abstract:  Buffalo  maintain  thermal  balance  by  physiological  and  behavioural
processes.  During  heat  stress,  on  exposure  to  direct  solar  radiation  or  during  work,
buffaloes exhibit signs of distress. Under extreme hot dry or hot-humid environmental
conditions ability of buffaloes to regulate temperature is compromised, and body heat
balance  that  is  dissipated  at  later  stage  or  during  cool  periods  by  heat  exchange
processes,  is  increased.  The responses  of  body functions under  either  acute  or  short
term heat are discussed in relation to the initiation of panting by thermal stimulation of
peripheral receptors and to the control of respiratory activity by deep body temperature.
During  heat  exposure,  an  increase  in  water  turnover  reflects  adaptation  to  maintain
fluids for evaporative cooling. Acute exposure or short term exposure to heat evokes
several  responses  of  plasma  volume  and  its  composition,  including  changes  in
potassium  metabolism.  Acute  heat  exposure  gives  rise  to  a  change  in  renal
hemodynamics and electrolytes excretion. Changes in renal electrolyte excretion during
heat stress are discussed in relation to the alteration of hormonal level and to the acid-
base status of the blood. The effect of heat exposure on various other reactions is also
summarized  in  thyroid  activity,  the  levels  of  hormones  in  the  pituitary  and  adrenal
glands.
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I. FACTORS AFFECTING THERMAL BALANCE OF BUFFALOES

1. INTRODUCTION

Buffaloes,  though  well  suited  to  hot  and  humid  climates  and  muddy  terrain
because of their morphological and anatomical characteristics, yet exhibit signs of
great  distress  on  exposure  to  direct  solar  radiation  or  during  work  in  the  sun.
Buffaloes maintain their homeothermy via various physiological and behavioural
mechanisms under normal comfortable environmental conditions. Under extreme
hot  dry  or  hot-humid  environmental  conditions,  thermoregulatory  ability  of
buffaloes  is  compromised  and  they  are  unable  to  maintain  core  body  -
HYPERLINK http://en.wikipedia.org/wiki/Core_temperature\o Core temperature
-  temperature  within  physiological  limits.  This  process  is  one  aspect  of  -
HYPERLINK  http://en.wikipedia.org/wiki/Homeostasis\o  Homeostasis  -
homeostasis  in  buffaloes  and  a  dynamic  state  of  stability  between  an  animal's
internal environment and its external environment.

2. TYPES OF THERMOREGULATION

Buffaloes have been observed to use two types of thermoregulation:

Physiological  Regulation:  Physiological  regulation  of  body  temperature  ini.
buffaloes  induces  sweating  to  cool  body  down  and  exposure  to  cold  induce
shivering  in  young  and  adult  buffaloes.  Young  buffalo  calves  and  neonates
shiver to keep warm and generate heat.
Behavioural  Regulation:  Buffalo  changes  its  behaviour  to  regulate  bodyii.
temperature  particularly  during  extreme  hot  and  cold  climatic  conditions.
Under hot dry conditions, buffaloes avoid direct solar exposure and seek shade.
Under hot and hot- humid weather, when body starts to get hot because of the
intense solar radiations,  buffaloes may want to seek a shade to reduce direct
exposure and cool down or prefer wallowing. Buffaloes have unique ability to
regulate body temperature by wallowing.

A. Core and Skin Surface Temperature

The core body temperature of buffaloes is 36.5° C and remains within ± 1° C of

http://en.wikipedia.org/wiki/Core_temperature
http://en.wikipedia.org/wiki/Homeostasis
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such value during normal comfortable ambient conditions, but it may increase by
several degrees under stressful hot climatic condition.

Buffalo  exhibit  a  diurnal  variation  in  body  temperature.  In  general  body
temperature is minimum in the early morning and maximum in the late afternoon.
Diurnal  variations  occur  in  core  temperature  of  buffaloes,  and  the  evening
temperature is about 0.5-1.0 0 C higher than early morning body temperature. The
rectal temperature of buffaloes increase by 2-30C under direct solar exposure, and
magnitude of rise may be higher in working buffaloes during hot conditions. This
variation largely reflects activity and feeding during the day and rest during the
night.

B. Skin Characters

In general buffalo skin colour is dark black; however, skin colour may vary with
the condition of management.  It  has been observed that  housing buffaloes may
cause a loss of their skin pigmentation which may be regained following further
exposure to solar radiation. Pigment is brown or black in colour and is restricted
to the cytoplasm of the epidermal cells. The density of the pigment is proportional
to the exposure of the skin to sunlight and due to this reason dorsal and ventral
areas,  which  are  more  exposed  to  sunlight,  exhibit  greater  pigmentation  than
ventral and less exposed parts [1]. The most striking feature of buffalo skin is the
thickness of the epidermis, which may be 1.5-2% of the total skin thickness. The
horny layer (Stratum corneum) is very conspicuous and may be twice thick as in
cattle. The typical black color of the buffalo skin surface is given by the melanin
particles contained in the basal cells of the epidermis [2]. The melanin particles
are  more  numerous  in  skin  from  the  dorsal  region  of  the  buffalo  and  less
numerous on the belly and the inner surface of the thigh [1]. The ultraviolet rays
are trapped by the melanin particles, interrupting thus penetration of the same rays
through  the  dermis  and  into  deeper  tissues.  The  tropics  and  subtropics  are
characterized  by  abundant  ultraviolet  rays,  and  a  detrimental  effect  can  be
foreseen if an excessive exposure to those rays is not avoided, with the result of
even skin tumors. The thick epidermis and stratum corneum may be beneficial to
the  buffalo  as  they protects  the  sparsely  covered or  nearly  bare  skin  surface of
buffaloes  from harmful  mechanical  and chemical  agents.  The skin of  buffaloes
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also  acts  as  thermal  insulator  against  hot  air  both  due  to  thickness  and
subcutaneous  fat  that  also  protect  from  ecto-parasites.

The skin  thickness  of  buffaloes  is  about  twice  that  of  cattle  and there  is  also  a
significant  difference between the  two species  in  the  distribution of  skin  blood
vessels. In buffaloes, branching of the arteries is seen more frequently with the
result  of  producing  more  arterioles  and  capillaries.  In  addition,  lymphatics  are
more frequent in buffalo than in the skin of the cattle [3].

C. Hair

Hair density in buffalo is low ranging from 100–200 hairs per cm2 as compared to
1000  hairs/cm2  in  cattle.  In  buffalo  hair  grow  singly,  not  in  group  and  each  is
associated  with  one  sweat  gland  and  one  sebaceous  gland.  The  adult  buffaloes
have two types of hair fibre; about 80% are short and fine and the rest are long
and coarse. Low hair density on dorsal areas of body, particularly back and other
regions  of  buffaloes,  facilitates  heat  dissipation  by  convection  and  radiation
during  the  hot  environment  condition.

D. Sweat Gland

Buffaloes have lower number of sweat glands as compared to cattle [4]. Egyptian
buffaloes have sweat  glands with a glandular  surface per  single sweat  gland of
0.247  cm2,  which  are  about  twice  the  size  found  for  a  group  of  contemporary
cattle (0.124 cm2), and there is a high correlation between sweat glands and the
number of hair follicles in each species. Glandular surface of sweat gland per cm2

of skin surface is less in buffaloes as compared to cattle [3]. The sweat glands of
buffalo  are  of  apocrine  type and in  shape they are  a  simple  oval  sac  or  a  wide
convoluted  tube.  Sweat  glands  of  buffalo  are  associated  with  the  hair  and they
secrete sebum, spreading on the surface of the skin and covering it with a fatty
lubricant,  with  the  result  of  slipping  away  both  water  and  mud  from  the  skin
surface. Therefore, the absorption of water and its contained solutes from the skin
is prevented by such fatty sebum and the thick top layer of the skin. The buffaloes
then, to some extent, are protected by such skin arrangement from any harmful
chemical compound present in the water. The fatty sebum melts in the course of
hot weather, so that the skin is made glossier and more apt to reflect solar rays.
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The sweat gland density is related to the heat tolerance capacity of the animal. It
has been reported by Nagarcenkar and Sethi [5] that buffaloes are characterized
by  a  higher  sweat  gland  density  and  sweating  volume  coefficient,  make  these
animals more heat tolerant.

3. HEAT EXCHANGE

A. Laws of Thermodynamics

The laws of thermodynamic are equally applicable to biological processes, and the
physical basis to all thermoregulation is the first law of thermodynamics. It asserts
that the total amount of energy in an isolated system remains constant. From this
law one can derive the ubiquitous energy budget equation for the body of buffalo:

M ± W ± K ± R ± C ± E = S       Eq. (1)

The equation 1 links the rate of metabolic energy turnover (M) and the physical
work  rate  (W)  with  the  rate  of  heat  exchange.  The  exchange  of  heat  with  the
environment  occurs  by  conduction  (K),  radiation  (R),  convection  (C),  and
evaporation (E). The metabolic heat production including work (W) is represented
by the (M+W). S represents the rate of heat storage within the body of the buffalo
and  is  equal  to  zero  during  thermal  equilibrium.  In  order  to  survive,  buffaloes
must  achieve  thermal  equilibrium  without  an  excessive  deviation  in  body
temperature. If over a given period, the rate of heat storage is not zero, then, for a
buffalo of fixed mass, the average temperature of the body tissue must have risen
or fallen over that period, and duration of this period usually remain unknown.
For a buffalo of fixed mass and specific heat, the rate of heat storage is directly
proportional  to  the  rate  of  change  in  mean  body  temperature  i.e.  the  average
temperature  of  the  body.  However,  it  is  very  difficult  to  measure  the  accurate
mean body temperature. In general heat storage of buffalo is calculated from body
size i.e. mass or weight, changes in body temperature (rectal and skin surface) and
specific  heat  of  tissue  (3.47  kJ.  Kg-1.  º  C-1).  On  average,  a  buffalo  with  a  body
weight  of  500  Kg  exposed  to  direct  solar  radiation  for  4  hours  increase  body
temperature and store 2500 kJ heat. This heat load is about 2/3 of total metabolic
heat  produced  during  a  day,  therefore  such  high  heat  loads  are  detrimental  to
buffalo productivity and health.
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B. Physical Basis of Heat Exchange

In  the  process  of  body’s  temperature  regulation,  heat  is  transferred  from  its
internal  body  to  the  external  environment  or  to  the  skin  via  the  blood.  Four
different  physiological  processes  such  as  conduction,  convection  and  radiation
(known as sensible heat loss), as well as skin and pulmonary evaporation (known
as  insensible  heat  loss),  are  the  ways  the  heat  is  transferred  to  the  external
environment  from  the  skin.

i) Conduction: When molecular contact is responsible for the heat transfer from
one material to the other. In this way the heat reaches the outer surface of the skin
and  is  released  into  the  outside  environment,  through  transfer  from the  body’s
interior  and  passing  through  one  adjacent  tissue  to  the  other.  Of  course,  this
mechanism of heat transfer works the way around: in fact, if a hot object touches
the skin, heat is transferred similarly to the body interior through the skin.

ii)  Convection:  When  the  transfer  of  heat  from  one  place  to  another  is
accomplished  by  the  motion  of  air,  or  gas  or  liquid  across  the  heated  surface.
Animals live in open environment and therefore the air flows constantly over the
animal skin, so that the air molecules come in contact with the skin, and once they
have been warmed up, are displaced in the open. The greater the velocity of air (or
liquid, such as water), the greater is the amount of heat removed by convection.
The body can gain heat by convection when this is combined to conduction. This
is true particularly in hot environment when the skin surface temperature is lower
than the environment temperature. In addition, the body will always gain heat by
both  conduction  and  convection,  whenever  the  surrounding  air  or  water  has  a
higher temperature than the skin of the animal. Although both the conduction and
convection  mechanisms  are  the  main  mechanisms  of  heat  dissipation,  their
contribution to the body’s total heat loss is relatively small being only about 10%
to  20%.  On  a  different  condition,  buffaloes  submerged  in  cold  water  tend  to
dissipate heat in greater amount than if they were exposed to air at similar colder
temperature.  It  can  be  stated  conclusively,  that  the  contribution  of  heat  loss  or
gain by both conduction and convection, is dependent very much on the ambient
temperature exceeding or not the body temperature of the animal. The temperature
gradient works in both directions.
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iii) Radiation: In the process of heat transfer, the heat is given off in the form of
infrared  rays,  which  are  a  type  of  electromagnetic  wave.  In  a  resting  state,  the
animal  body  discharges  extra  internal  heat  by  radiation  and  therefore  heat  is
radiated  by  the  skin  in  all  direction  to  nearby  objects.  At  normal  ambient
temperatures (21-25°C), the body loses about 60% of its heat via radiation. The
body  also  receives  heat  from  warmer  objects  around  it  via  radiation.  In  fact,
radiation  is  responsible  for  heat  transfer  and  gain  from  surrounding  warmer
objects  to  the  skin.  One  such  heat  gain,  is  the  radiational  heat  received  from
exposure  to  the  sun  and  some  heat  is  also  gained  from  hot  objects  located  in
surroundings of animals.

iv) Evaporation: Evaporation from the skin and pulmonary surface accounts for
the  main  heat  dissipation  in  animals.  The  heat  passes  into  the  external
environment  in  the  course  of  water  evaporation,  and  this  mechanism  is
responsible for about 80% of the total heat loss in the course of various activities,
and only 20% when the animal is at rest. When the external environment comes
into contact with the body fluids, like in the lungs, at the mucosa level and at the
skin, undetectable water loss is taking place. Insensible water loss occurs without
any  conscious  recognition  of  the  animal  from  the  body  to  the  external
environment, although this mechanism, which is relatively constant even in the
course of the various activities, is responsible for only 10% of the total metabolic
heat  produced  by  the  body.  Therefore,  heat  has  to  be  more  quickly  lost  by  the
body whenever  the  animal  is  exposed to  intense  heat  or  muscular  work,  as  the
mechanism of insensible water loss is not at all efficient. In addition, whenever
the internal body temperature increases, an increase in sweat production is also
recorded from skin surface. In the process of sweating, just before reaching the
skin surface, sweat is converted into vapour by the heat of the skin surface itself.
Evaporation  of  100  gm  of  sweat  results  in  the  loss  of  58.0  kcal.  The  water
vaporization loss in buffaloes has been observed to vary from 6 to 18 kg/day [6]
and  the  sweat  losses  are  lower  during  winter  (5.3  lit/day)  than  summer
(19.2lit/day) months [7]. Diurnal variations have also been observed in sweat loss.

4. THERMAL BALANCE AND HOMEOSTASIS

The  maintenance  of  thermal  balance  by  a  buffalo  depends  on  a  dynamic
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equilibrium between heat loss (sensible and insensible) and heat production/gain
(metabolic and activity). Over short periods either heat production or heat loss is
in excess leading to transient changes in the thermal balance. In its simplest form
thermal balance of buffalo is expressed as:

Heat production = Heat loss + Heat storage

Radiation (R)± Conduction(Cn)  ± Convection(Cv)  ± Skin  Evaporation (Evsk)  ±
Pulmonary Evaporation (Evpulm) = 0

A variety  of  metabolic  activities  taking place  in  the  heart,  liver  and muscles  is
responsible for the production of heat, and the latter may also be taken up from
the  environment.  During  work,  more  than  80%  of  the  total  amount  of  heat,  is
produced by the skeletal muscles, whereas on the contrary, such amount is greatly
reduced  when  the  body  is  at  rest.  Radiation,  conduction  and  convection  are
responsible for heat loss from the animal body, together with water evaporation
from the skin, the respiratory process itself and the excretion of urine and feces.
When the acquisition of heat and its loss reaches an equilibrium, then the body
has come to a thermal steady state.

Thermal homeostasis therefore is reached when the body acquires the ability to
regulate physiologically its inner body temperature, so that the body, responding
to fluctuation occurring in the outside environment, is able to ensure its stability.
One  of  the  fundamental  principles  of  organic  life  was  disclosed  by  the  French
physiologist Claude Bernard, according to his understanding which is still valid to
our  days.  Such  principle  refers  to  the  concept  of  homeostasis,  considered  as  a
chemical / physical stability of the internal environment of cells and tissues. The
concept proposed: the fixity of the internal environment is the condition for free
life had the following explanation by quoting Claude Bernard: The living body,
though  it  has  need  of  the  surrounding  environment,  is  nevertheless  relatively
independent  of  it.  This  independence which the  organism has  from its  external
environment, derives from the fact that in the living being, the tissues are in fact
withdrawn from direct external influences and are protected by a veritable internal
environment  which  is  constituted,  in  particular,  by  the  fluids  circulating  in  the
body.
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A. Thermo Receptors

The changes in surface or core temperature are picked up by two different sets of
thermo-receptors:  peripheral  receptors  and  central  receptors.  The  information
perceived by these receptors  is  summed up and transmitted to  the  coordinating
and integrating hypothalamus or other parts of Central Nervous System, in order
to reach homeothermy.

B. Peripheral Receptors

Peripheral receptors as the name indicates, are located in the peripheral region of
the body,  like skin surface and mucosal  membranes.  The exact  structure of  the
receptors  sensitive  to  increasing  temperature  of  the  skin  and  in  other  mucosal
areas  is  partially  known.  There  are  two  kinds  of  thermoreceptors:  warmth
receptors  for  sensation  of  heat  and  cold  receptors  for  cold.  These  receptors
perceive  information  and  this  is  passed  to  the  hypothalamus  and  the  cerebral
cortex, so that the temperature is consciously perceived by the animal which can
directly and voluntarily control the exposure to either cold or warm environments.
The sudden temperature rise causes a transient increase in frequency of discharge
at  receptors  i.e.  a  phasic  response  from  a  steady  discharge  rate  i.e.  a  static
response of receptors. However, exposure to cold elicits an opposite response, and
temperature  drop  causes  a  transient  increase  in  discharge  at  receptors  (phasic
response). During water splashing or high sweat evaporation or submerged state
as  in  wallowing,  it  is  possible  that  a  condition  in  which  the  body  interior  is
hyperthermic (overheated) while cold is perceived by the skin, can occur. In this
case  it  is  likely  that  the  hypothalamus  and  the  cerebral  cortex  are  incorrectly
notified by the peripheral receptors of perceived cold, whereas on the contrary the
body is experiencing a condition of heat.

C. Central Receptors

Within the hypothalamus central thermoreceptors are located, and therefore they
have to be considered the core of the thermoregulatory system. Blood temperature
are monitored by such central thermoreceptors, when blood itself circulates within
the  brain.  Minor  changes  in  temperature  can  be  perceived  by  these  central
receptors, when they take place within animal body and may be as little as .018°F.



114   The Buffalo (Bubalus bubalis) - Production and Research Upadhyay and Chaiyabutr

D. Role of Hypothalamus in Temperature Sensing

The hypothalamus plays an important role in the thermoregulation and maintains
thermal  equilibrium  under  thermal  challenge.  The  anterior  portion  of  the
hypothalamus  is  integrated  with  the  control  of  heat  loss,  and  posterior
hypothalamus  controls  heat  production.  The  neurones  of  hypothalamus  behave
like receptors in their response to change in blood temperature in the brain. Local
heating of anterior hypothalamus causes activation of heat loss mechanisms and
local cooling evokes marked peripheral vasoconstriction and shivering.

In general neuronal signals coming from the peripheral receptors (like hot skin)
passes further upwards to the thalamus. In the central nuclei of this complex of
connector neurons, it  is  likely that perception of heat takes place. Study in Bos
taurus  have  showed  that  heating  in  medial  preoptic  area  in  the  region  of  the
anterior commissure by thermode (heat stimulation) initiate panting, sweating and
dilation of arterioles [8]. Hypothalamic neurones increase their rate of signal when
the hypothalamus is heated so that body temperature is lowered by panting and
sweating. The relative importance of peripheral, spinal and hypothalamic thermo
receptors in determining the set point of the body thermostat in buffaloes is not
known. All mammals, though living under similar conditions, maintain their body
temperature  at  different  set  points.  The  physiological  processes  that  operate  in
buffaloes  with  specific  reference  to  their  low  set  point  are  inadequately
understood. However, the physiological and behavioural mechanisms that operate
in buffaloes for temperature regulation are most likely coordinated and controlled
similarly to cattle or other mammals.

5. PHYSIOLOGICAL RESPONSES TO HEAT

The  compensatory  physiological  responses  of  an  animal  to  the  thermal  or  heat
stress include a) circulatory adjustment or vasomotor adjustment which regulates
the rate of heat exchange between the core and peripheral tissue, and subsequently
between  surface  of  the  body  and  the  environment,  b)  evaporative  heat  loss
mechanism,  and  c)  heat  loss  by  sweating  and  panting  etc.
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A. Circulatory Adjustment

Heat  balance  is  maintained  by  animals  by  vasomotor  control  and  regulation  of
blood flowing by either vasodilation or vasoconstriction of cutaneous vessels. The
promoter center is stimulated by vasodilation, so that the hair cover is flattened
and  a  better  heat  dissipation  is  allowed  through  conduction,  convection  and
radiation.  A  rise  in  skin  temperature  is  achieved  when  cutaneous  vasodilation
occurs, in turn the gradient of thermal exchange for external temperature below
skin  temperature  is  increased,  and  finally  this  events  increase  heat  dissipation
from the skin.

The skin acts as a thermal insulator, and its effectiveness decreases with increased
blood flow and vice versa. Change in skin blood flow not only affects the rate of
heat exchange between animal and the environment, but also determines the rate
of heat transfer from the deep body tissues to the periphery. In particular, blood
volume and its flow to the skin surface in buffaloes is increased in the course of
hot conditions, so that a high skin temperature is maintained in order to ease heat
dissipation when the animal is in the water or mud [9]. Thick layer of fat under
buffalo skin helps to keep heat in, and under thermal stress reduces heat exchange.
The exchange of heat at  countercurrent heat exchange vessels,  helps in cooling
blood and the side-by-side contact of vessels let heat travel from warm blood to
cool blood.

Vasodilation of skin blood vessels in buffaloes occurs during hot conditions, so
that body heat is transferred to the skin to allow exchange and dissipation through
the processes of convection and radiation [10]. Heat exchange occurs readily in
buffaloes with relatively cooler external air or water when wallowing, thanks to
the sub epidermis plexus of capillaries structurally supplying the skin [2, 11 - 13].
Buffaloes,  both  young  and  adult,  on  exposure  to  direct  solar  radiations  during
summer raise their body temperature by several degree Celsius. The rise in body
temperature of buffaloes by several degrees occurs as an adaptive process similar
to deferred dissipation mechanisms employed by camel and other adult mammals
under thermal stress [14]. This mechanism helps buffaloes and other animals to
reduce thermal exchange particularly at high ambient temperatures and high skin
surface temperature during summer. Buffaloes allowed to wallowing, exchange
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stored  heat  to  water  very  quickly  and  cool  body.  The  buffaloes  maintained  in
open,  exchange  stored  heat  to  environment.  Air  velocity  and  humidity  play  an
important  role  in  heat  dissipation  from  skin.  Summer  stress  imposes  severe
restrictions on the productivity of buffaloes due to disturbances to internal milieu
besides homeothermy. The studies on buffaloes have revealed that higher number
of  erythrocytes  and  haemoglobin  observed  during  hot  dry  summer  help  in
combating heat stress. The hot humid conditions as observed during rainy season
reduce  erythrocyte  count  and  haemoglobin  in  buffaloes.  Wallowing  and  water
shower  alleviate  thermal  stress  of  buffaloes  but  erythrocyte  count  and
haemoglobin  is  lowered.  During  heat  stress  the  level  of  haemoglobin,
oxyhemoglobin and packed cell volume decrease, while blood leucocytes increase
moderately  due  to  increase  in  circulating  neutrophils.  Plasma  volume,  blood
volume and blood pH increase significantly while packed cell volume decreases
due to acute heat exposure to the sun in buffalo [15].

B. Evaporative Heat Loss

Thermal stress in buffalo is a major problem for improving livestock productivity
due to influence on reproduction and milk production. Evaporative heat loss from
skin and pulmonary surface is an insensible mean of heat loss and it is the most
effective means of thermal regulation in the profusely sweating animals but is of
limited  importance  in  buffalo.  Evaporative  losses  from  the  skin  and  lungs  of
buffalo  increase  gradually  as  ambient  temperature  increases.  In  buffaloes
evaporative cooling is  less due to low number of  sweat  glands per unit  surface
area and the sweating ability. Skin water loss from buffalo skin at 37 ºC is about
460g/m2/h, which increases to more than 800g/m2/h after exposure to direct solar
radiation  and  when  ambient  temperature  is  about  42ºC.  Pulmonary  surface
evaporative loss increases about two fold (65g/m2/h to 128 gm/m2/h) after 4 h of
direct  solar  exposure in  buffaloes.  The proportion of  heat  loss  from pulmonary
surface  increases  with  rise  in  ambient  temperature  [16]  and  loss  from  skin  is
decreased.

In buffaloes, pulmonary activity increases with rise in ambient temperature. Under
mild hot conditions, low respiratory frequency of buffaloes and high volume of O2

consumption  and  high  pulmonary  volume,  contribute  partially  to  an  improved
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efficiency  of  energy  utilization.  Respiratory  evaporation  has  been  found  to  be
more  important  in  maintaining  thermal  homeostasis  than  sweating  under  hot
conditions  in  buffaloes  [16].  Buffaloes  unable  to  dissipate,  increase  their  body
heat  balance  and  defer  heat  dissipation.  Relative  humidity  at  high  ambient
temperature  has  a  direct  effect  on  respiratory  vaporization.  A  decrease  in
respiratory vaporization is recorded when the relative humidity rises coupled to
high environmental temperature [17].

In  particular,  a  very  little  or  absent  heat  loss  by  evaporation  characterizes  the
buffalo calf, and therefore whenever a high external temperature is accompanied
to high relative humidity, internal body temperatures are found similar and rise in
progression to time. On the contrary, when high external temperature is coupled to
low relative humidity, some water evaporates from the mucosa in the course of
inspiration,  with  the  final  outcome  of  cooling  the  mucosa  itself.  Therefore,  air
humidity governs the evaporative cooling of the mucosa and determines the extent
of water which is regained by condensation on cold mucosa upon exhalation.

C. Water Vaporization

The water evaporation is increased in response to rise in ambient temperature in
buffaloes similar to other livestock species. The water vaporization loss was 5- 6
kg/  day during winter  and 18 -20 kg/day during summer [6,  7].  The insensible
perspiration  has  been  observed  to  increase  from 5.4  to  14.5  L/day  with  rise  in
ambient  temperature  from  winter  to  summer  in  buffaloes  [18].  The  insensible
water loss increases many folds (up to six times) in summer when compared to
winter  [7,  19].  The  temperature  of  the  epidermis  surface  and  the  air  vapour
pressure are partly responsible for the passive transfer of water through the skin.

Water  intake  of  buffalo  increases  due  to  increase  in  turnover  rate  during  hot
weather. Water turnover has also been used in order to compare different species
and heat adaptability of breeds. In general, during the summer season, volume of
water  intake  (free  water  ±  water  through  feedstuffs),  metabolic  water,  water
voided  (faeces  ±  urine)  and  water  vaporization  are  increased  [20,  21].



118   The Buffalo (Bubalus bubalis) - Production and Research Upadhyay and Chaiyabutr

6. REACTIONS TO EXTREME ENVIRONMENTAL TEMPERATURES

A. Tolerance to Heat and Solar Exposure

The remarkable ability of buffaloes to withstand heat and solar exposure has been
established by different studies. In buffaloes, the rectal temperature starts rising
above normal at an air temperature of 34ºC and open mouth panting begins at a
rectal temperature of 40ºC. The open mouth panting in buffaloes may be observed
in working buffaloes even at lower body temperatures. In buffaloes both sweating
and  panting  are  important  thermoregulatory  mechanisms.  The  sweating  rate
increases with a rise in ambient temperature above 30ºC. As the environmental
temperature  rises,  the  rate  of  breathing  increases  and  polypnea  is  observed  at
rectal temperatures above 40ºC. The change in tidal volume (decrease/increase)
also  occurs  with  frequency  of  breathing  during  heat  exposure  which  helps
protection  against  reduction  of  carbon  dioxide  and  maintenance  of  acid  base
balance. The protrusion of tongue with excessive salivation during heat and work
is not uncommon in buffaloes.

B. Heat Stress

Similar  to  other  livestock  species  buffaloes  also  have  a  range  of  comfortable
ambient  temperatures  that  is  termed  the  thermo-neutral  zone,  and  temperature
below  or  above  this  range  causes  heat  stress.  Heat  stress  is  the  state  at  which
physiological response gets activated to maintain thermal balance under thermal
challenges.  Heat  stress  associated  to  various  environmental  elements  affect  the
physiological  systems  which  govern  thermal  regulation,  and  the  control  of
positive heat loss is mainly given by factors such as environmental temperature,
relative humidity as well as radiant energy.

C. Panting

Panting is a rapid shallow breathing and consists of a controlled increase in the
frequency of the respiratory acts, coupled to a decrease in tidal volume. Panting
primarily  offers  the  possibility  to  increase  ventilation  of  the  upper  respiratory
tract, together with preserving the ventilation of the alveolar structure and increase
heat  loss  by  evaporation  from  the  pulmonary  surface.  Thermal  polypnea,  heat
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tachypnea and thermally induced hyperpnea are used as synonyms for the panting.
Polypneic panting is characterized by a breathing frequency between 200 and 400
breaths/min with an open mouth and tongue protruding. Usually panting comes
together with increased salivary secretion and a significant increase in respiratory
evaporative cooling. An increased temperature of the external environment, skin
surface or inner body can be the main reasons to the beginning of panting, prior to
an increase in temperature of  blood supplying the brain.  Panting is  an efficient
way to increase the evaporative heat loss in buffaloes, cattle and dog.

D. Water Wallowing

Buffaloes  are  traditionally  adapted  to  various  environmental  and  temperature
changes  by  building  their  resilience  to  the  tropical  environment.  Wallowing
means rolling or floundering in mud or in water.  Buffaloes wallow in ponds of
water  and  muddy  pools.  In  extreme  hot  conditions  they  prefer  wallowing  and
move  to  colder  waters  and  wallow  for  several  hours.  Buffaloes  decrease  their
activity and submerge their whole body in water to avoid solar exposure. The high
specific heat of water than that of air helps in transfer of body heat to water even
under warm conditions, therefore each unit of water adjacent to the skin surface of
buffalo during wallowing help in absorbing more heat than that of air can receive.

The  heat  transfer  to  water  is  about  200  times  more  than  to  air  at  28°C  from
buffaloes  considering uniform air  and water  velocity.  It  is  known that  the  time
needed for water to heat up or cool down is much longer when compared to air,
due to a higher specific heat. Therefore in buffaloes exposed to hot environments,
the body can be maintained at normal temperature by wallowing or by a constant
exposure  to  water,  especially  if  coupled to  a  wind responsible  for  drying it  off
[22].

Rather than seeking shade,  buffaloes prefer  and tend to cool  off  by wallowing,
and this is explained by the greater capacity of water to absorb and exchange heat
[23]. Buffalo may wallow for several hours during hot summer and can be easily
seen  immersed  in  water  or  covered  by  mud  while  they  chew with  semi-closed
eyes. When temperature and humidity are high, buffaloes wallow or roll in mud
during hot or even cold seasons. This process complements sweating process in
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buffalo and help in transfer of heat to mud/ water. Wallowing is then for buffaloes
an  efficient  thermoregulation  system,  and  this  is  ensured  by  a  high  amount  of
sebum secretion responsible for skin protection while covered with mud [3]. In
buffaloes  while  wallowing,  heat  is  dissipated  by  conduction  and  water
evaporation,  through  direct  contact  of  the  skin  with  either  water  or  mud.
Typically,  when  exposed  to  hot  environments,  buffaloes  increase  their  blood
volume and flow to the surface of the skin, so that a high skin temperature is kept
which  facilitates  dissipation  of  heat  while  immersed  in  water  or  mud  [9].
Buffaloes during wallowing lose heat many times faster in water than in air at the
same temperature. Buffaloes, similarly to rhinoceros or pigs, also roll in cool mud
and coat their skin to lose heat and protect from direct solar heat and sunburn. The
heat  loss  to  mud  on  body  of  buffaloes  is  an  effective  means  of  cooling  due  to
higher specific heat and conductivity of mud.

E. Sprinkler System

In sprinkler system water is showered at a fixed rate on the skin surface of buffalo
and  it  helps  in  reducing  the  thermal  load  on  the  buffalo.  The  use  of  sprinklers
without  a  mechanical  ventilation  system  is  likely  to  increase  humidity  at  high
temperature, and can cause severe stress to livestock, and therefore it should be
restricted. The sprinkler system is relatively an expensive and water consuming
cooling  device,  therefore  it  should  be  used  judiciously  for  livestock  cooling  in
areas which suffer from scarcity of water.

Sprinkling  adult  females  for  2  h  reduces  0.9  °C  in  body  temperature  [24].  A
drastic decrease in physiological parameters such as rectal temperature reduction
and respiratory  rate,  can be  observed in  young female  buffaloes  when they are
sprinkled for 15 min [25]. Water sprinkling in buffalo reduced rectal temperature
by 0.1°C as compared to wallowing by 0.5°C, and therefore the utility of water
sprinkling  for  buffaloes  may  be  of  limited  use  besides  economics  of  sprinkler
system  [26].  The  differences  may  be  due  to  limited  opportunity  for  heat
dissipation from thick skin of buffalo into the air as compared to water, indicating
greater utility of water wallowing in buffaloes.
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7.  ENDOCRINE  FUNCTIONS  AND  HORMONAL  CHANGE  DURING
HEAT AND COLD

Thyroxine (T4) and Triiodothyronine (T3)

Thyroid hormones are essential for maintenance of basal metabolic rate and play a
role in growth activity and regulation.  The thyroid hormones are influenced by
seasonal changes and physiological functions. The acute heat exposure decreases
plasma level of T3 and T4 in young (aged 6 months) and old buffalo calves [20].
In lactating buffaloes, plasma T3 concentration decreased significantly with the
increase of ambient temperature from 17.5 to 37.1 °C [27]. The T3 takes at least
72 h to reach its minimum level after heat exposure. In buffaloes, the T3 levels are
observed  to  reach  the  highest  peak  in  winter,  and  decrease  in  spring  while
continuing such decline of values and reaching the lowest values in summer [28].

Cortisol

Stressful  climatic conditions can be confronted with two of the most  important
physiological  responses,  such  as  cortisol  activation  through  the  hypothalamic-
pituitary-adrenal axis and the subsequent increase in the concentration of plasma
glucocorticoids. Cortisol, the main component of adrenal corticoids, is responsible
for physiological corrections and  adjustments  which  enable the  animals to face
such stressful conditions. Concentration of cortisol is altered by acute and chronic
heat exposure [29]. Acute heat exposure of young and old buffalo calves induced
significant  increases  in  plasma  cortisol  concentration  [20].  Seasonally,  blood
cortisol levels increase significantly due to increase in ambient temperature from
February to July. Exposure of non-pregnant female buffaloes for 2–3 h to direct
solar radiation at high temperature, increases plasma cortisol concentration rapidly
[30].

Insulin

A decrease  in  plasma  insulin  level  is  generally  reported  following  exposure  to
high  temperature,  while  an  increase  of  the  insulin  level  in  the  course  of  high
temperature has a strict correlation to a marked increase in plasma glucose level.
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Estrogen

The level of estrogen are significantly reduced in summer season as compared to
winter season.

8. PHYSIOLOGICAL RESPONSES TO COLD

The  physiological  responses  to  cold  exposure  allow  an  animal  to  maintain
homoeothermy by two ways: i) a reduction of heat loss which is brought about by
peripheral  cutaneous  vasoconstriction  and  piloerection;  and  ii)  an  increase  in
metabolism  through  shivering  and  other  means  of  increased  thermogenesis,
broadly  classified  as  nonshivering  thermogenesis.

A. Reduction in Heat Loss

In general, in order to prevent heat loss, the blood flow to the skin is reduced by
vasoconstriction and this allows the skin to get cool and establish an equilibrium
with ambient conditions to prevent or minimize the heat loss from skin surface.

B. Increase in Heat Production

One  of  the  important  physiological  responses  to  cold  is  the  increase  in  the
metabolic  heat  production.  The  rate  at  which  heat  is  produced  by  cellular
thermogenesis  process  is  directly  related  to  the  total  metabolic  rate.

C. Shivering and Non Shivering Thermogenesis (NST)

Shivering is a largely uncontrolled rapid contraction of certain skeletal muscles
and is controlled, at least in part, by the somatic nervous system.

Non  shivering  thermogenesis,  is  an  increased  heat  production  without  the
contraction  of  skeletal  muscle  and  is  under  the  control  of  autonomous  nervous
system.
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II. PHYSIOLOGICAL EFFECTS OF ACUTE AND SHORT TERM HEAT
EXPOSURE  ON  CHANGES  IN  BODILY  FUNCTIONS  OF  SWAMP
BUFFALO

9. INTRODUCTION

Many animal studies have concentrated on the effects of acute (30 to 300 min)
and  intense  high  temperatures  (41  to  42ºC)  on  physiological  parameters.
However,  in  general,  animals  are  often  exposed  to  chronic  environmental
conditions  (days  to  months).  In  the  livestock  industry,  the  economic  losses
associated with  heat  stress  (HS) are  mainly  due to  the  negative  effects  on feed
intake,  activity,  daily gain,  male and female reproductive performance, embryo
development, etc. [31]. Whenever the capacity of an animal for heat dissipation is
somewhat  exceeded by the amount  of  heat  acquired through direct  exposure to
high environmental temperature, then an adaptive response termed as heat stress
occurs.  Heat  exchange  occurs  between  an  individual  and  the  environment  by
conduction,  convection,  radiation and evaporation.  The former three modalities
are limited by high environmental temperature; while the latter in environments of
humidity  are  limited  by  an  individual’s  capacity  to  maintain  an  adequate  fluid
balance during a sustained period of intense perspiration. Thus, the influence of
thermal environment on animal production must be realized as a function of heat
production and heat loss of animals. Livestock performance is affected by high
temperatures both directly and indirectly. Exposure to stressful conditions initially
results  in  impaired  cellular  performance  [32].  The  genetic  expression  from
livestock animal is an important factor during exposure to high temperature. The
effect  of  heat  stress  may  affect  some  animals  more  than  others;  for  example,
animals with low active secretion of sweat gland rely primarily on respiration for
heat dissipation, by means of evaporative cooling. Heat dissipation mechanisms in
different  species  also  show  dissimilarities  in  relation  to  the  body  size  and
evaporative  cooling  by  panting  or  sweating.  This  implies  that  the  environment
affects  different  animals to different  extents  [33].  Therefore,  the environmental
influences on the adaptive responses to environmental conditions for satisfactory
animal performance, must be considered.

Water  buffaloes are  found in the humid tropics,  and approximately 90% of  the
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world’s water buffalo population is found in Asia. They are important sources of
draft,  meat,  hides,  fresh  milk,  and  milk  products.  Compared  to  other  domestic
ruminants, the buffalo is a large animal with a large body size. The effect of heat
stress  on  body  fluid  compartments  may  be  more  pronounced  in  this  animal
species. It is known that body water is the vehicle used for evaporative cooling
during heat dissipation mechanism. Different mechanisms of heat dissipation as a
response to high external  temperature,  may affect  the the animal’s  water  status
and balance.  Buffalo  has  low active  secretion  of  sweat  gland;  evaporative  heat
loss  from the  body surface  plays  a  minor  role.  Buffalo  has  a  highly  developed
panting  mechanism  that  permits  a  high  rate  of  evaporative  cooling  from  the
respiratory  tract.  These  adaptive  responses  have  important  physiological
consequences in terms of greatly increased water turnover, modified avenues of
water  exchanges  and  bodily  functions.  Metabolism  and  utilization  of  water  by
buffalo combating environmental stress may vary considerably and more so than
in other  homeothermic animals  both in magnitude and direction.  As a  result  of
direct  heat  stress  effects,  numerous  changes  occur  in  many  body  systems,  for
example, digestive tract, acid-base chemistry, and hormone activity [34]. These
imbalances develop secondary to circulatory adjustments,  water  and electrolyte
losses induced by profuse sweating and evaporative losses from the respiratory
system.  It  is  important  to  thoroughly  understand  how  buffalo  is  able  to
physiologically thermoregulate in its environment. Understanding this mechanism
will  allow  new  insights  into  increasing  efficiency,  productivity,  and  longevity
through approaches in handling and management.

From the  above  considerations,  during  heat  exposure  in  animals,  there  are  two
types  of  physiological  responses:  fast  and  slow  responses.  Fast  response  is  a
specific  action  which  deals  with  homeostasis  including  cardio-respiratory  and
behavioural responses. Slow response is a series of non-specific actions dependent
on integrative capacities of metabolic, nervous and endocrine systems. Although
the physiological responses to acute or short-term heat exposure of resting or non-
active  buffalo  have  been  reported  by  Chaiyabutr  and  Johnson  [35],  precise
information regarding changes in bodily functions in response to the combined
stress  factors  related  to  high  ambient  temperature,  has  not  been  available  until
recently.  This  review  deals  with  thermal  effects  during  exposure  to  high
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temperatures on the physiological changes involving water balance, distribution of
volumes and compositions of body fluids and related various organ functions in
the maintenance of homeostasis under acute and short-term heat exposure.

10. EVAPORATION AND CUTANEOUS HEAT LOSS

In  thermoregulation,  heat  loss  from  the  skin  usually  occurs  by  radiation,
convection and evaporation. Heat loss by evaporation is the most efficient means
of dissipating heat from the animal body. The use of sweating for evaporative heat
loss  is  a  mechanism of  adjustment  of  the body to  dissipate  the body heat  load.
Heat  production  within  body  is  transported  partly  by  conduction  through  the
tissues. Heat transfer from the central core of the body to the surface, is achieved
mainly by internal  convection through the blood circulation via  cardiac output.
Buffalo  possess  sweat  glands of  the  apocrine type,  reaching almost  all  the  hair
follicles  with  a  poor  blood  supply  [3,  36],  similarly  to  temperate  cattle  breeds
[37].  The number of  sweat  glands per  unit  area of  skin is  relatively low, about
one-third, and the thickness of the corneum layer and epidermis is about double,
when compared to cattle [3]. The thickness and the black pigment of the buffalo
skin  probably  are  responsible  for  a  higher  absorption  of  heat,  and  to  a
disproportionate heat loss from the extremities by convection and radiation when
exposed to solar radiation. This evidence indicates a lower efficiency of sweating
in  buffaloes,  which  plays  little  or  no  part  in  heat  regulation.  If  skin  water  loss
diffusion between water-vapor pressure in the air occurs, even in the absence of
sweat  gland  activity  in  buffalo  is  still  a  matter  of  speculation.  The  study  of
Ranawana and co-workers [38] indicated that the cutaneous water loss of buffalo
exposed  to  high  temperature  is  not  due  to  true  sweating  but  partly  due  to
insensible  loss  of  moisture  by  passive  diffusion  through  the  epidermis.  This
suggestion indicates that diffusion moisture alone cannot serve to regulate body
temperature during heat exposure.

11. CARDIORESPIRATORY RESPONSES TO HEAT EXPOSURE

It is known that increased vasodilation of blood vessels in the skin occurs during
heat exposure. Heat is brought to the skin via the blood supply and then lost by
radiation  and  convection  into  the  animal’s  surroundings.  The  structure  of  the
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blood  supply  to  the  skin  of  buffalo  has  been  elucidated  by  Shafie  [2],  who
demonstrated that  their  vascular  architecture  is  similar  to  cattle  [39].  There are
three networks or plexuses of arteries and veins in buffalo skin. In the extremities
and  appendages,  arteries  are  always  closely  accompanied  by  veins  (venae
comitantes). This arrangement allows heat to be interchanged between an artery
carrying warm blood to the surface and a vein carrying cooled blood back to the
heart.  Consequently,  pre-cooling  of  arterial  blood  can  occur  followed  by  the
reduction of the temperature gradient at the surface of the skin. This is a useful
feature for the conservation of heat in a cold climate but not an adequate process
of heat loss in a hot climate. Therefore the counter-current heat exchange system
for thermoregulatory mechanisms between superficial blood vessels is inadequate
for buffalo exposed to high ambient temperature [40].

A  high  environmental  temperature  causes  changes  in  cardiovascular  and
respiratory function. In some mammal species with fewer sweat glands, panting is
quantitatively  more  important  for  heat  dissipation  via  respiratory  evaporation
during  exposure  to  high  temperatures.  In  swamp  buffalo,  heart  and  respiratory
rates  and  rectal  temperature  are  only  minimally  affected  by  an  outside  air
temperature  of  30°C  [41,  42],  indicating  that  the  buffalo  easily  manages  to
balance  its  heat  production  against  its  heat  loss.  The  change  in  respiratory
frequency is marked when air temperatures of 30ºC is exceeded, and the animal
immediately  begins  to  pant.  The  peripheral  receptors  of  the  thermal  regulation
system are held responsible for initiation of panting, without any reported rise in
rectal  temperature  [42].  The  most  obvious  effects  of  acute  heat  stress  on  the
cardiorespiratory  system  are  increased  heart  rate  and  respiratory  rate.  A
comparison of the effect of heat stress under high environmental temperatures and
direct  exposure  to  the  sun  shows  different  patterns  of  physiological  responses
(Table 1). There is evidence from experiments on buffaloes that the proportional
rises in heart rate and respiratory rate during acute exposure to solar radiation for
4 hr were much more marked than for animals after 4 hr exposure in a hot room at
an ambient temperature of 41 °C [41, 43]. The heart rate is little affected, but the
animal’s respiration rate rises rapidly at about three to four times normal values
under this condition. Changes in cardiorespiratory frequency in animals exposed
to  solar  radiation  were  associated  with  elevation  of  rectal  temperature.  These
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changes  suggest  that  sensitivity  to  thermal  stimulation  is  higher  in  buffaloes
exposed  to  the  sun.  The  result  is,  in  part,  due  to  the  nature  of  the  skin  of  the
buffalo, i.e. the black pigment and the thickness of the skin [3]. These factors will
enhance absorption of more solar radiation from the sun and interfere with heat
loss, resulting in a higher heat storage. In a study of the effects of coat color on
heat exchange in goats and buffaloes, black coats absorbed more heat than white
coats [44, 45].

Table 1.  Effects of  acute and short term heat exposure of swamp buffalo after acute heat exposure
either direct to the sun or in the hot room, mean values of changes in respiratory rate, heart rate and
rectal temperature at 14:00 h. (Adapted from [41, 43]).

Control
Hot room

4h

Non-shaded period

4h 5d 10d

Ambient temperature (ºC) 31 41 39 40 40

Relative humidity (%) 51 42 62 59 55

Rectal temperature (ºC) 38.0 39.5 41.9 41.9 41.7

Respiratory rate
(breaths/min.) 58 79 112 180 175

Heart rate (beats/min.) 48 55 59 76 72

The  effect  of  short-term  heat  exposure  of  non-shaded  buffaloes  on  heart  rate,
respiratory rate, and rectal temperature has been studied by Chaiyabutr et al. [46].
It is apparent that under radiant heat load, buffaloes are unable to keep their body
temperature constant.  When the buffalo is  exposed to the sun for 8 hours daily
over a period of 10 days without wallowing, the maximum respiratory rate, heart
rate and rectal temperature recording at 14:00 hours are still as high on the tenth
as  on  the  fifth  day  of  exposure,  indicating  that  buffalo  has  low  efficiency  for
acclimatization  during  intermittent  heat  exposure.  The  minimal  time  for
acclimation  in  buffaloes  during  exposure  to  high  environmental  temperature  is
still  unknown, although the experiments in cattle showed that  3 weeks of daily
exposure to high temperature would induce some degree of acclimation [10]. It is
reasonable  to  speculate  on  the  minimum time  for  acclimatization  in  buffalo  as
heat  becomes  more  intense.  Changes  in  respiratory  rate  by  shift  from  thermal
polypnoea (panting) to thermal hyperpnoea (slow, deeper breath) during exposure
to high temperature may be less likely to cause respiratory alkalosis.
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12. WATER TURNOVER AND TOTAL BODY WATER

When  considering  the  various  mechanisms  adopted  to  ensure  heat  dissipation,
body  water  is  of  paramount  importance  for  the  effectiveness  of  evaporative
cooling. It has been reported that the buffalo is somewhat higher in body water
turnover  than  other  domestic  ruminants  [47].  The  body-water  turnover  shows
marked  increases  during  21  days  without  wallowing  [48]  and  while  in  open
pastures [49]. The effects of acute heat exposure on total body water and water
turnover  rate  of  swamp  buffaloes  were  measured  using  the  3H-radioisotope
dilution technique. A single does of 3000 µCi of carrier-free tritiated water per
animal  was  injected  intravenously  [41].  During  acute  heat  exposure  to  high
ambient temperatures (41ºC, 42% RH) for 4-5 hours, the water turnover rate of
buffalo has been shown to increase by 86% compared to animals kept at normal
ambient temperature (30ºC, 51% RH) [41]. During acute heat stress, the increase
in  the  water  turnover  rate  is  reflected  by  the  higher  water  requirement  in
buffaloes. An increase in water turnover simply reflects a part of the process of
adaptation  by  maintaining  fluids  for  evaporative  cooling  and  helping  regulate
body  temperature  during  the  rise  of  environmental  temperature.  No  significant
alterations  have  been  observed  in  total  body  water  and  body  weight  when
buffaloes  are  in  acute  heat  exposure.

In short-term heat exposure, the non-shaded buffaloes prevented from wallowing,
have a drastically reduced ability to conserve total body water during the first five
days after spending up to 8 hours of the day in an unshaded pen. The total body
water  markedly decreases  on the fifth  day of  the  nonshaded period while  body
water turnover rate increases with time of exposure [46]. It is contrary to what has
been  reported  for  swamp  buffaloes  which  are  not  allowed  to  wallow  and  kept
largely  in  shaded  conditions  [38].  The  results  of  this  investigation  have
demonstrated that lactating, pregnant and heifer buffalo showed a marked increase
in water turnover rate with no alteration of total body water when prevented from
wallowing over two weeks in an ambient temperature range of 27.7-32.8ºC and
relative humidity of 62.9%. It has been suggested that an increase in water intake
during this period is an attempt to compensate for the lack of wallowing. This is
the best indication of the importance of wallowing for the swamp buffaloes as a
means  of  cooling  themselves.  A decrease  in  body water  during  prolonged  heat
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exposure without wallowing, is harmful to buffaloes in a hot climate, because it
decreases their ability to dissipate the heat through water vaporization and to slow
down  the  elevation  in  body  temperature  by  virtue  of  the  high  specific  heat  of
water. The significance of these results, however, emphasises the importance of
having water available for buffaloes at all times.

Table 2.  Changes in water turnover rate and total  body water of  swamp buffalo during acute heat
exposure (4h) and short-term heat exposure to the sun. (Adapted from [41, 46]).

Shaded Non-Shaded

Control 5h day 5 day 10

Water turnover
(ml/kg0.82.d)

361 506 665 665

Total body water (L/100kg) 63.0 62.6 51.8 51.5

Biological T1/2 3H2O (h) 87 49 55 42

Body weight(Kg) 343 345 339 339

13. PLASMA, BLOOD VOLUME AND COMPOSITIONS

Whenever  high  temperatures  characterize  external  air,  a  change  in  the  total
content of body water in animals is recorded, and such change can be considered
an adaptive reaction to fight heat stress. Important physiological consequences are
followed  by  such  reaction,  as  witnessed  by  a  significant  increase  in  water
turnover, as related also to water exchange and cardiovascular function. Changes
in  blood  volume  and  plasma  volume  as  well  as  their  compositions  have  been
reviewed  in  buffaloes  exposed  to  high  temperatures  [35].  A  study  in  swamp
buffaloes using T-1824 showed that blood volume and plasma volume increased
by approximately 7% while packed cell volume slightly decreased when buffaloes
were acutely exposed to high temperature (41ºC 42% RH) for 5 hours [41] (Table
3).  It  has  been  shown  that  a  plasma  volume  increase  cannot  be  held  solely
responsible  for  an  increase  in  blood  volume.  Considering  that  the  increase  is
greater  in  the  plasma  volume  as  compared  to  the  cell  volume,  the  decrease  in
packed cell volume cannot be held accountable for an increase in plasma volume;
it  has  also  been  shown  that  the  volume  of  circulating  blood  cells  increases  by
approximately  4.5%,  in  heat-stressed  animals.  The  increase  in  circulating  cell
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volume observed in buffaloes exposed to severe heat could be explained by the
action  of  noradrenalin,  which  has  been  reported  to  increase  in  heat-stressed
animals  [50].  However,  the  increase  in  plasma  volume  is  not  only  a  dilution
accompanied by a reduction in plasma solids, since the concentration of plasma
solids  which  consist  mainly  of  protein  increases  significantly  when  exposed  to
severe  high  temperature  [43].  It  has  been  postulated  that  during  intravascular
volume  expansion  in  heat-stressed  buffalo,  an  increase  in  plasma  water  could
come  from  extravascular  tissue  space.  An  increased  concentration  of  plasma
protein  is  a  causative  factor  responsible  for  an  increase  in  colloidal  osmotic
pressure,  and  in  turn  water  passage  from the  extravascular  to  the  intravascular
compartment is increased. Alternatively, the increase in plasma water may derive
from the digestive tract as a result of the increased liquid flow rate from the rumen
[41]. The increase in the plasma water content is an adaptive mechanism which
enables the animal in gaining a higher heat tolerance thanks to the higher specific
heat of water, by slowing down the elevation of body temperature.

Table 3. Changes in blood volume and plasma volume and compositions of swamp buffaloes during
acute heat exposure for 5 hours and short-term heat exposure of non-shaded period (Adapted from [41,
46]).

Shaded Non-Shaded

Control 5 h day 5 day 10

Blood volume (ml/kg) 63.9 68.1 62.5 56.7

Plasma volume (ml/kg) 47.4 50.8 46.4 42.3

Cell volume (ml/kg) 16.5 17.2 15.7 14.3

Total plasma water (ml/kg) 43.0 45.8 42.6 38.7

Total plasma solid (g/kg) 4.4 5.0 5.1 5.1

Plasma protein (g%) 8.9 9.4 9.5 9.9

Plasma glucose(g%) 79 100 102 100

Packed cell volume (%) 27.6 25.9 25.3 25.2

Under short term heat exposure to the sun for 10 days accompanied by denial of
wallowing, changes of body fluid compartments of buffalo are considered in two
different phases [46]. The first phase occurs within the first five days with initial
increases  in  plasma  volume  and  total  plasma  water  which  slightly  expand
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‘isotonically’  as a result  of  addition of fluid which is  used for heat  dissipation.
Total circulating protein increases, but total body water decreases on the forth day
of heat exposure. This is not reflected in the behaviour of blood volume because
water is supplied to the blood at a similar rate as it is lost. However, by the tenth
day  both  plasma  and  blood  volume  do  not  follow the  same  pattern  of  the  first
phase  but  drop  by  9%  in  a  second  phase  of  the  responses  to  short-term  heat
exposure  (Table  3).  These  changes  may  be  attributed  to  adaptive  mechanisms.
Packed  cell  volume  and  circulating  cell  volume  on  the  tenth  day  of  the  non-
shaded  period  change  little  from  those  of  the  fourth  day.  Total  body  water
decreases to a point which does not differ from that of the fourth day, while water
turnover  rate  of  non-shaded buffalo increases stepwise,  indicating higher  water
requirements for evaporative cooling and lower efficiency in the water retention
mechanism during 5-10 days of heat exposure.

14.  EFFECTS  OF  HEAT  STRESS  ASSOCIATED  WITH  POTASSIUM
METABOLISM

It  has  been  known  that  the  body  water  is  distributed  between  three  major
compartments: i) the intracellular space; ii) the extracellular (interstitium), and iii)
the vascular space. The intracellular volume and the fine balance of its volume is
essential  for  physiological  cellular  functions,  and  this  is  accomplished  by
regulating plasma osmolality via changes in water balance. Potassium ion account
for  almost  all  the  intracellular  osmoles  and  acts  to  hold  water  within  the  cells.
When animals  are  exposed  to  high  temperatures,  intracellular  and  extracellular
compositions are affected. These changes will affect thermodynamic equilibrium
of water across the plasma membrane. A change in intracellular or extracellular
solute concentrations generate a transmembrane osmotic gradient resulting in the
immediate flow of water in or out of the cell until osmotic equilibrium is restored.
Potassium  ion  is  the  major  ion  having  a  role  in  the  maintenance  of  cellular
osmosis and water balance. The response to high environmental temperature via
many mechanisms such as decreased feed consumption, sweating, panting, water
intake  and  alterations  in  fluid  volume  distribution,  will  affect  the  animal’s
potassium  balance.

In  short  term  heat  exposure  in  buffaloes,  the  decrease  in  plasma  potassium
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concentration  coincided  with  an  increase  in  urinary  fractional  excretion  of
potassium [46]. Increased urinary excretion of potassium during heat stress may
be due to increases in plasma aldosterone production and urinary aldosterone in
dairy  cattle  [51].  However,  it  has  been  suggested  that  heat  stress  does  not
necessarily affect plasma concentration of aldosterone, which has been observed
as  a  response  in  man.  The  plasma  glucose  concentration  increased  and  this
correlated with an increase in the plasma insulin level in acute and chronic heat
stress. An increase in plasma glucose concentration during heat stress may relate
to  the  action  of  either  glucocorticoids  [52]  or  catecholamines  [53].  These  have
been shown to be elevated during heat stress. An increase in plasma insulin level
during heat stress may be controlled by elevation of plasma glucose [15]. One of
the physiological responses of the cell to heat stress is a marked increase in the
red blood cell potassium concentration (Table 4). This change coincided with an
increase in the activity of the red blood cell Na-K ATPase, whereas the red blood
cell sodium and chloride concentrations decreases. This mechanism could be due
to  a  hormone-induced  increase  in  activity  of  the  Na-K  ATPase  pump  which
mediated active transport of sodium out of the cell and potassium into the cell [54,
55].  A  variety  of  factors,  including  glucocorticoids  [56]  and  mineralocorticoid
[57]  are  also  known  to  modulate  Na-K  ATPase  activity.  An  increase  in  the
activity  of  the  red blood cell  Na-K ATPase may be associated with  the  role  of
insulin in promoting the entry of K+ into the cell [15].

Table 4. Changes in plasma concentrations of glucose, insulin, activity of red blood cell Na, K-ATPase,
the  concentrations  of  electrolytes  in  plasma  and  red  blood  cell  (RBC)  of  swamp  buffaloes  during
shaded and non-shaded periods (mean±S.D.) (Adapted from [15]).

                                      Shaded Non-Shaded

Control 5 h day 5 day 10

Plasma glucose (mg%) 52.7±4.3 72.8±10.8* 87.4±24.6* 65.2±7.0***

Plasma insulin (  I.U/ml) 4.98±2.24 9.74±2.23* 11.68±4.10* 10.98±3.78**

Red blood cells:
RBC- Na, K-ATPase
(nmol Pi/mg Pr/h)

132.4±35.1 155.6±40.7* 143.6±30.9 163.8±50.5

Plasma Na+ (mEq/L) 133.4±2.4 134.4±2.2 133.2±1.6 133.6±0.9

Plasma K+ (mEq/L) 4.3±0.4 4.5±0.4 3.7±0.3* 3.9±0.2

Plasma Cl- (mEq/L) 104.4±6.2 105.0±12.8 103.8±4.6 101.0±4.4
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                                      Shaded Non-Shaded

Control 5 h day 5 day 10

RBC Na+ (mEq/LRbc) 39.7±9.6 21.9±17.4 28.8±12.2 35.6±8.8

RBC K+ (mEq/LRbc) 60.5±1.0 81.4±12.8** 79.6±5.5** 83.7±6.0***

RBC Cl- (mEq/LRbc) 95.0±18.7 66.3±25.4 58.9±35.7 59.6±15.4**

Plasma pH 7.38±0.03 7.43±0.01** 7.45±0.05* 7.39±0.01
Values with respect to shaded period: * P<0.05, **P<0.01, ***P<0.001.

15. RUMEN LIQUID FLOW RATE

It  is  clear  that  the  digestive  canal  of  ruminating  animals  provides  fluid  for  the
body. In proportion, buffaloes are characterized by having a larger rumen capacity
when  compared  to  other  domestic  ruminants.  The  study  of  the  digestive
physiology  of  heat-stressed  buffalo  was  carried  out  using  chromium-51
ethylenedia-minetetra-acetate  (51Cr-EDTA)  to  determine  liquid  flow  from  the
rumen  [41].  The  rate  of  liquid  flow  from  the  rumen  increased  significantly  by
29% during acute heat exposure in a hot room, while the biological half-life of
51Cr-EDTA decreased  from the  control  value  from 13 hr  to  9  hr.  The  retention
time  in  the  rumen,  of  water  and  particles,  has  been  calculated  as  the  mean
retention  time  of  51Cr-EDTA,  which  has  been  found  to  be  reduced  in  heat-
stressed buffaloes from 18.7 ± 3.6 to 13.5 ± 3.1/hr.  These changes would have
contributed  to  a  reserve  of  water  for  an  evaporative  cooling  system  by  water
replacement  from the lower digestive tract,  as  Kamal and Shebaita  (1968) [58]
have shown that an increase in blood volume of water buffaloes in hot climates is
due to an increase in the absorption of water in the intestine.

Short-term  heat  exposure  of  non-shaded  buffaloes  also  influenced  the  fluid
dynamics in the rumen. On day 10, rumen fluid volume decreased significantly.
The decrease in rumen fluid volume was associated with a 19% increased rate of
liquid  flow  from  the  rumen.  The  mean  retention  time  of  marker  (polyethylene
glycol, PEG) residues in the rumen of non-shaded buffaloes decreased from 12.5
hr to 7.9 hr on day 10 of short-term exposure. These findings are to be expected,
in view of the increased liquid flow from the rumen to the lower digestive tract,
which would have contributed to a reserve of water for the evaporative cooling
system. The pattern of changes is similar to the results with acute heat-stressed

(Table 4) contd.....
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buffaloes.  The  mechanism  involved  in  the  regulation  of  the  rate  of  passage  of
digesta in the rumen during exposure to heat is probably complex. It is regulated
by  both  neural  and  hormonal  mechanisms  [59].  It  seems  unlikely  that  the
increased  liquid  flow  from  the  rumen  was  due  to  enhanced  rumen  motility.
Experiments  in  cattle  kept  in  high  environmental  temperatures  showed  that  as
voluntary food intake declined, rumen contractions became smaller in amplitude
and slightly less frequent [60]. The reduction in rumen movement is still present
in animals when food is added to or taken out of the rumen through a fistula [61].
In  non-shaded  buffaloes,  the  rumen fluid  volume decreased  while  water  intake
tended to increase. The decrease in rumen fluid volume was associated with an
increased concentration of fluid marker PEG, and an increased rate of fluid flow
from  the  rumen.  A  rapid  absorption  of  water  across  the  rumen  wall  probably
occurs  in  heat-stressed  buffaloes  in  accordance  with  the  theory  of  ruminal
absorption  proposed  for  many  desert-living  animals  [62].

16. RESPONSES OF RENAL FUNCTIONS

A. Renal Hemodynamics

Dissipation of heat is the primary problem confronting animals during exposure to
high  temperature.  Therefore,  it  can  be  concluded  that  in  heat  stressed  animals
alimentary  water  is  the  source  of  water,  while  the  kidneys  are  responsible  for
retaining as much water as possible. Studies of the renal physiology of buffaloes
during acute heat exposure were carried out either in a hot room (41°C DB) or
exposed to  the  sun (39°C DB).  A slight  decrease  in  the  rate  of  urine  flow was
apparent  during  exposure  both  to  the  hot  room  and  to  the  sun.  The  renal
clearances  were  measured  using  either  endogenous  creatinine  or  inulin  for
determinations of glomerular filtration rate (GFR) and para-aminohippuric acid
(PAH)  to  determine  renal  plasma  flow  (RPF)  [63].  The  effects  of  acute  heat
exposure for 4 hr showed no effect on GFR in both hot environments, while RPF
and renal blood flow (RBF) had a tendency to increase. An increase in RPF and
RBF  concomitant  with  the  decrease  in  filtration  fraction  was  noted  during
exposure to solar radiation. These findings indicate that a number of factors could
be  responsible  for  the  increase  in  RBF  in  acute  heat-stressed  buffaloes.  An
increase in RBF is probably involved in the elevation of perfusion pressure to the
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kidneys.  This  would  be  related  to  an  increase  in  cardiac  output.  It  has  been
reported that heat-stressed oxen showed a marked increase in cardiac output [64].
If  the  increase  of  cardiac  output  occurs  in  heat-exposed buffaloes,  it  should  be
accompanied by increases in both heart rate and blood volume [41]. The question
remains  whether  an  increased  RBF in  heat-stressed  buffaloes  is  affected  by  an
increase in cardiac output,  because these changes could not be demonstrated in
either heat-stressed sheep [65] or goats [66]. The increase in RBF in heat-stressed
buffaloes could be attributed both to a decrease in renal vascular resistance and
local  vasodilatation.  The  GFR  of  the  buffaloes  is  not  affected  by  acute  heat
exposure,  thus,  an   autoregulatory   mechanism  could  be  exerted  entirely  by
intrarenal factors. An unchanged GFR while the RPF increases, may be due to a
decrease in resistance of both afferent and efferent arterioles in kidneys. However,
in  man both  GFR and RPF fall  during the  first  few hours  of  heating [67],  as  a
result of blood being diverted from the kidneys to the skin as cooling takes place.
This  is  not  so  in  the  buffaloes,  which  rely  on  respiratory  evaporation  for  heat
dissipation. Whether this represents a mechanism to maintain a core temperature,
a  shift  in  blood distribution away from other  parts  of  the  body to  kidneys,  and
thereby  to  reduce  body  heat  through  urine  excretion,  is  open  to  speculation.
During short-term heat exposure, non-shaded buffalo have been shown to increase
their  rate  of  urine  flow  by  50%  on  day  10  of  exposure  [68].  Whether  this
represents  a  mechanism  to  maintain  a  core  temperature,  a  shift  in  blood  flow
distribution away from other parts of the body to the active tissue like kidneys and
thereby non-evaporative cooling through urine excretion is open to speculation.

B. Renal Electrolyte Excretion

The rate of urinary excretion and fractional excretion of sodium increased, while
those of potassium and chloride ions showed a tendency to decrease, during 4 hr
of  sun  exposure.  However,  the  changes  in  urinary  electrolyte  excretion  are  not
caused  by  changes  in  filtered  load  (GFR  X  plasma  electrolyte  concentration),
which remained constant  during heat  exposure.  This  is  thought  to be related in
part to changes in the activity of renal tubular cells. An increase in urinary sodium
excretion, but a decrease in potassium excretion in buffaloes exposed to the solar
radiation, may be caused by decreased aldosterone, which has also been reported
in heat-stressed cattle [69]. This is in contrast to the observation in man, where
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exposure to a hot environment leads to an increase in aldosterone, resulting in a
reduction of Na+  loss in urine [70]. More salt is normally lost from sweating in
man than in other animals during heat exposure. This may cause a reduction of
plasma Na+ concentration, which may stimulate aldosterone secretion [33].

During short-term heat exposure for 10 days [68], non-shaded buffaloes showed
an increase in the rate of urine flow by 50% on day 10 of exposure. This change
coincided  with  increases  in  renal  osmolar  clearance,  urinary  excretion  of
potassium,  and  urine  pH.  The  urinary  and  fractional  excretion  of  inorganic
phosphorus and chloride ion decreased throughout the non-shaded period, while
the urinary and fractional excretion of sodium markedly increased in the first 5
days of heat exposure, and fell thereafter. The urinary excretion of calcium and
magnesium showed no alteration throughout the experimental period. According
to  these  findings,  the  kidneys  of  non-shaded  buffaloes  are  responsible  for
retaining both water and electrolytes. Throughout all the experiments, the buffalo
received  the  same  diet.  herefore,  changes  in  electrolyte  excretion  during  heat
stress in swamp buffalo have been shown to be due to change in bodily status.

On  day  5  in  the  non-shaded  buffaloes,  urinary  sodium  excretion  markedly
increased nearly three-fold, concomitant with an increase in plasma volume. The
renal loss of sodium seemed to be carefully controlled to maintain optimal sodium
concentration  in  the  extracellular  fluid.  In  this  period  both  plasma  sodium
concentration  and  plasma  osmolality  remained  constant.  There  is  evidence,
obtained  by  El-Nouty  and  coworkers  from their  study  in  cattle,  that  prolonged
heat exposure can reduce plasma aldosterone level [69]. Therefore, if a reduction
of plasma aldosterone occurs in non-shaded buffaloes, sodium will be excreted via
the kidney rather than retained. This may be an important adaptive mechanism;
buffalo cannot excrete sodium via sweating, unlike man exposed to heat [70, 71].

On day 10 of  the  non-shaded buffaloes,  the  urinary  and fractional  excretion  of
sodium markedly decreased,  while a marked increase was noted for potassium.
These changes were related to a marked reduction of total body water and plasma
volume.  The  dislocation  of  body  fluids  during  heat  stress  may  stimulate  the
kidneys to conserve salt and water until plasma volume is increased to a steady
state.  The  kidney  is  much  less  able  to  conserve  potassium than  sodium,  which
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probably  relates  to  increased  aldosterone  levels  in  plasma  during  the  period  of
dehydration.  A  possible  secretion  of  aldosterone  may  be  accompanied  by  an
elevation of plasma cortisol,  as has been demonstrated in non-shaded buffaloes
exposed to heat for 10 days [72].

When non-shaded buffaloes were exposed to intense environmental heat, signs of
distress  like  rapid  and  shallow  breathing,  usually  resulting  in  alkalosis,  were
reported.  It  is  possible  that  increases  in  urine  pH  and  plasma  chloride
concentration  in  non-shaded  buffaloes  could  be  due  to  respiratory  alkalosis.  A
likely  explanation  might  be  that  compensation  for  this  disturbance  occurs  by
increased renal excretion of base instead of chloride, resulting in an increase in
plasma chloride concentration to replace base lost from the body [73]. An increase
in either urinary or fractional excretion of potassium could be explained by the
fact  that  during  alkalosis,  the  kidney  plays  a  significant  role  in  acid-base
regulation by an increased exchange of potassium ions for hydrogen ions in the
renal tubular fluid [73]. However, an increase in urinary potassium excretion in
non-shaded buffalo may also be superimposed on the effect of either aldosterone
or antidiuretic hormone (ADH) [74].

During  short  term  heat  exposure,  non-shaded  buffaloes  showed  a  marked
reduction of the plasma concentration of inorganic phosphorus. This reduction is
similar to the effect  of acute heat  exposure.  The process of cellular trapping of
phosphorus for elevation of the metabolic rate and ATP production during heat
stress  may  be  responsible  for  the  decrease  in  the  plasma  level  of  inorganic
phosphorus.  Therefore,  the  reduction  of  the  urinary  excretion  of  inorganic
phosphorus  might  be  attributed  to  a  reduction  of  filtered  load.  However,  renal
handling  of  inorganic  phosphorus  was  not  similar  to  that  of  calcium  and
magnesium ions, which were not altered in the non-shaded period, although all of
these  ions  are  under  control  of  circulation  PTH.  It  seems likely  that  prolonged
heat  exposure  did  not  influence  the  renal  handling  of  both  calcium  and
magnesium  ions,  which  probably  share  a  common  intratubular  transport
mechanism.

On day 10, an increase in the rate of urine flow in buffaloes exposed to heat was
not due to a shortage of ADH, as free water clearance (CH2O) showed a decrease
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under this condition. An increase in electrolyte excretion, particularly potassium
ions, can create an osmotic diuretic effect (increased osmolar clearance), which
may contribute to an increase in urine output in buffaloes. In ruminants exposed to
hot  environments,  there is  also an elevation of  plasma vasopressin.  The kidney
responds  to  this  polypeptide  differently  from  man  or  dog.  A  rise  in  plasma
vasopressin  in  sheep,  camel  or  cattle  [75],  and  buffalo  [68]  increases  renal
potassium secretion to a level higher than normal. There is then an increase in the
rate of excretion of water by osmotic diuresis (Fig. 1).

Fig. (1). Changes in the rate of urine flow and urinary potassium excretion of swamp buffalo exposed to the
sun for days and 10 days (adapted from [68]).

17. HORMONAL RESPONSES

Hormones from endocrine glands, e.g. pituitary gland, thyroid gland and adrenal
gland, are known to control many vital physiological and biochemical events to
maintain homeostasis under different environmental stresses. It is known that high
environmental temperature has an effect on the function of the endocrine system
of most animals [76]. However, little is known of the effect of a hot environment
and work on the endocrine activity of buffalo. Loypetjra and co-workers [72] have
studied the effect of short- term heat exposure on hormonal response in resting
swamp buffalo. Changes of serum concentrations of thyroid hormone have been
reported in buffaloes exposed to the sun for 10 days. In the first day of acute sun
exposure,  the  concentration  of  Triidothyronine (T3) in  the  blood  serum slightly
increased. Serum T3 concentration became  reduced below normal if   buffaloes
remained  continuously  exposed  to  the  sun.  These  responses  are  similar  to
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observations in sheep and cattle exposed to hot environments [77, 78]. There is no
significant change in the serum growth hormone (GH) of non-shaded buffaloes
while  serum  concentrations  of  prolactin  (PRL)  and  cortisol  markedly  increase,
particularly in the afternoon throughout the non-shaded period [72]. There is no
correlation between the temperature humidity index (THI) and T3 or GH levels in
either shaded or non-shaded periods. The correlation is apparent between THI and
prolactin  (PRL)  or  cortisol  in  non-shaded  buffaloes  but  not  in  the  shaded
buffaloes.  However,  knowledge  of  the  role  of  these  hormones  in  regulation  of
bodily  functions  in  response  to  high  temperatures  is  incomplete  and  further
research  is  required  in  buffalo.
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CHAPTER 6

Feed  Resources,  Rumen  Fermentation,
Manipulation and Production in Swamp Buffalo: A
Review
Metha Wanapat*, V. Chanthakhoun, R. Pilajun and P. Khejornsart
TROFREC, Faculty of Agriculture Khon Kaen University Khon Kaen 40002, Thailand

Abstract:  Swamp  buffaloes  (Bubalus  bubalis)  are  multipurposes  and  resourceful
animals in agriculture of incredible importance among farmers. Within a smallholding
farming  system,  typical  of  many  Asian  countries,  seasonal  feed  resources  used  on
swamp  buffaloes,  are  of  paramount  importance  for  an  efficient  production.  In  fact,
during  the  dry  season,  when  conventional  feed  resources  are  usually  scarce,  their
contribution is incredibly relevant. In addition, the utilization of such feed resources
may  represent  an  efficient  way  to  reduce  methane  production  through  better  use  of
secondary  compounds  in  tropical  plants  and  herbs  (tannins,  saponins,  etc.),  and
consequently  improve  the  overall  rumen  ecology  and  finally  buffalo  productivity.
Currently,  the  development  of  food-feed  systems  (FFS)  have  been  successfully
implemented  and  therefore  should  be  fully  integrated  into  the  ordinary  use  by
smallholder farmers. However, in order to improve and make more efficient feeding
methodologies, both treatments and/or supplementations should be considered, such as
the development of simple and practical feeding and the use of concentrate mixtures
based  on  on-farm  resources  (home-made  concentrates,  HMC)  in  order  to  reduce
production costs and enhance profitability and sustainability of the buffalo production.
The manipulation of rumen fermentation by treating roughage and/or by supplementing
the  available  feed  resources  with  plants  characterized  by  high  quality  feed  block,
tannin/ saponins, especially cassava hay and other local feed resources, could improve
rumen efficiency by maintaining a constant higher pH, optimum NH3-N, and increasing
microbial  protein  synthesis  and  essential  VFAs,  and  therefore  enhancing  ruminant
productivity in the tropics. Moreover, buffaloes have been shown to be more efficient
in  feeds  utilization,  when  compared  to  cattle.  Lately,  the  application  of  mole
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 technology  to  rumen  studies,  such  as  the  use of PCR-DGGE and real-time PCR,
has  been  instrumental  in  offering  a  wide  range  of  information  and  data  on  rumen
microbial diversity and the likelihood of a  possible functional role in reducing  rumen
methane as well as enhancing productivity in swamp buffaloes.

Keywords:  Buffaloes,  Feed  resources,  Feeding,  Integrated  livestock  system,
Methane  production,  Rumen  ecology  manipulation.

1. INTRODUCTION

Swamp buffaloes are closer to wild ruminants than their bovine counterparts and
have played a very important role in providing draught power, manure as fertilizer
and meat for people. An important aspect for ruminants within the rumen ecology,
that  is  well  established  and  understood  among  researchers,  is  the  function  of
fermentation within the rumen itself that allows the preparation of end-products,
and particularly volatile fatty acids (VFAs) as well  as microbial  proteins,  to be
used as a major energy and protein drive for the ruminant host.  However,  crop
residues are definitely the main feed resources available to ruminants, usually by-
products  derived  from  the  agro-industrial  productive  systems  utilizing  native
grasses  from  fertile  lands,  which,  in  general,  support  only  low  levels  of
production. This is particularly true in the tropics where, both buffaloes and cattle
are  raised  as  an  integral  part  of  crop  production,  and  where  rice  is  the  most
important available commodity, from which the related by-products are employed
as feeds [1]. Some local feed resources though, like cassava root/hay/silage, corn
stover,  leucaena  leaves,  sweet  potatoes  vines,  sugarcane  tops,  etc.,  can   be
considered potential additional feed resources for ruminants which are capable to
enhance  production  efficiency.  Usually  ruminants  are  fed  roughages,  like  crop
residues,  such as rice straw, wheat straw, and maize stalk,  and from this use,  a
significant  amount  of  methane  is  produced  and  emitted  [2].  In  the  tropical
environment,  a  large  amount  of  plants  contain  secondary  compounds  such  as
saponins, condensed tannins, essential oil, and plant extracts, which are known to
effectively inhibit ruminal methanogenesis [3 - 5]. On the other hands, these same
forages have been shown to increase protein availability in the small intestine of
ruminants  [6].  In  addition,  cassava  and  legumes  usually  contain  secondary
compounds which could have an effect on rumen fermentation and productivity,
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whereas  rumen  bacteria  can  further  detoxify  these  compounds.  It  has  been
reported  by  Hegarty  [7]  that  a  significant  reduction  of  methane  production  per
gram of live weight  gain is  achieved when animals are shifted from a low to a
high digestible pasture.

Due  to  the  lowering  of  world  prices  for  plant  commodities  and  the  projected
future increase of animal products caused by higher demands [8],  it  is  possible
that  a  realistic  objective  may be given by the  contribution of  food-feed system
(FFS) to ruminant production, particularly when in need to review their overall
high nutritive values, the positive effects on rumen, as well as the expansion and
intensification of  these  systems.  It  has  to  be emphasized that  FFS has  received
over  time  more  and  more  attention  and  interest  by  farmers  working  within  a
smallholding system. Historically, the majority of knowledge on rumen microbial
composition has been acquired by employing traditional methods such as roll tube
technique  [9]  or  most  probable-number  (MPN)  estimates  [10].  Some
microorganisms though, cannot be cultivated under current technology, although
their  artificial  culture  represents  only  a  small  fraction  of  natural  microbial
communities,  and  as  a  consequence,  the  microbial  diversity  is  grossly  under-
estimated  [11].

Nowadays, microbial diversity found in complex ecosystems like the rumen, has
been studied using new gene-based technologies [12]. Both DGGE and real time
PCR are culture independent techniques that target that part of DNA encoding the
synthesis  of  small  subunit  ribosomal  RNA  (SSU  rDNA),  which  allow  a  direct
analysis and quantification of microorganisms of interest [13]. Such data can offer
very  useful  information  and  provide  the  possible  functional  roles  of
microorganism  themselves  in  the  rumen  of  swamp  buffaloes.

2. SEASONAL FEEDING SYSTEMS FOR RUMINANTS

A seasonal approach to ruminant feeding in a tropical environment can be split
into a dry and a rainy seasons, although a reduced productivity can be reported
due to an improper feeding supply and regimen with regard to both quantity and
quality  [14].  Despite  its  low nutritive  value,  rice  straw has  been typically  used
during  the  dry  season  as  an  ordinary  feeding  approach,  generally  practiced  by
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smallholder  farmers  when  green  forages  are  often  scarce  [15].  Available  local
feed resources have been recommended for use under smallholder farming [16].
In tropical areas, ruminants feed largely on unrestricted grazing, which is usually
free under herder control in countries with available grasslands and fallow. On the
contrary,  wherever  land  and  cropping  are  of  limited  availability,  tethering  and
stall-feeding are  usually  practiced,  due  to  a  limitation  in  roughage  under  many
circumstances. There have been situations, like on some dairy farms in northeast
Thailand,  where  an  excess  in  concentrate  feeding  has  been  practiced  as  a
compensation for the relatively low availability of roughages [17, 18]. To improve
the low quality of some feeds, containing poor essential nutritive elements, like
some  roughages  and  crop  residues,  some  treatment  methods  and/or
supplementation  have  to  be  taken  under  consideration.  In  this  regard,  three
different methodologies have to be considered: physical, chemical and biological.
Inevitably, the use and suitability of each of the three methodologies is dependent
on the geographical and environmental location linked to the typology of animal
production,  length  of  crop  availability  and  its  economical  viability,  its
technological feasibility, together with farmers perception and acceptance. In this
context, some experiments were carried out in order to compare energy value and
digestibility of rice straw when subjected to different treatments [19, 20].

Some  significant  differences  were  reported  in  buffaloes  when  rice  straw  was
treated  with  urea  and  used  as  roughage,  and  particularly  when  supplemented
concentrate  was  employed  and  compared  to  untreated  rice  straw  [21].

3. SWAMP BUFFALO PRODUCTION AND FOOD-FEED SYSTEM (FFS)

Foods for the human species and feeds for animal production have been derived
from  the  food-feed  system.  It  is  interesting  to  note  that  intercropping  with
legumes  has  the  benefit  to  enrich  the  soil  with  nitrogen,  as  some interventions
have proved. Some examples follow:

3.1. Cassava (Manihot esculenta, Crantz) and Cowpea (Vigna unculata)

Wanapat et al. [22] reported that the yield of cassava foliage, when intercropped
with  legume  as  intercropping  crops,  gives  an  average  of  4.35  ton  DM/ha  of
cassava foliage to produce hay (cassava hay) by harvesting 4 times throughout the
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year.  Cowpea  residue  and  intercropped  legume  produced  5.96  ton/ha  of  green
cowpea pod and 1.51 ton/DM/ha.  It  was found that  productivities  of  intercrops
were improved with biomass of 6.83 ton DM/ha of cassava foliage, and 0.89 ton
DM/ha  of  cowpea  residues.  In  addition,  a  legume,  Stylosanthes,  was  also
intercropped  in  the  cassava  plot,  and  it  produced  3.51  to  DM/ha.  The
intercropping  methodology  of  cassava/legumes  can  improve  farm  productivity
and enhance an autonomous on-farm feed resources  availability.  Some farmers
though,  have  been  facing  some  problems  when  drying  hay  during  the  rainy
season, and therefore some additional and possibly alternative strategies have to
be suggested to farmers and implemented such as the construction of solar-drying
houses by utilizing easily found material like plastic sheet and bamboo. One of the
results of the food-feed system, highlighting its feasibility and efficiency, can be
seen  in  the  use  of  green  cowpea  for  human  consumption,  as  a  gift  for  the
neighbours  or  sold  for  additional  income,  whereas  cowpea  residues  and
Stylosanthes  fodder  may  be  used  as  feeds  for  animals.  (FFS)  [23].

3.2. Cassava and Stylo (Stylosanthes guyanensis)

Stylosanthes guyanensis is a perennial legume, characterized by being semi-erect
to erect to prostrate, introduced in the lower midland three (LM3) agro-ecological
zone  as  a  fodder  legume,  which  can  be  continuously  or  rotationally  grazed.
Kiyothong  and  Wanapat  [24]  have  reported  a  potential  additional  strategy  for
small-holder  dairy  farming  in  the  tropics,  by  feeding  cassava  hay  solely  or  in
combination to Stylosanthes guyanensis CIAT 184 hay, as a supplemental protein
source.  This  strategic  supplementation  has  significantly  reduced  the  use  of
concentrate, resulting in improved milk yields and quality. In addition, lowering
the ratio of concentrate to milk yield from 1:2 to 1:3, has increased productivity
and higher economical return.

3.3. Cassava and Phaseolus calcaratus (TUA-MUN)

Legumes have been considered to be suitable crops to enrich soil nitrogen and for
producing  high  protein  foods  and  feeds  for  human  beings  and  animals,
respectively.  In  fact  [25].  Phaseolus  calcaratus  (PC)  has  been  found  to  be  a
potential plant to improve foliage biomass, CT and crude protein yield [26]. It is
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well established that legumes are important crops to be used for intercropping and
producing  hay  as  feed  for  animals,  whereas  at  the  same  time  seeds  can  be
considered  a  valuable  protein  source  for  human  consumption  (FFS).  A  high
protein content can be found in Phaseolus calcaratus (PC: 17-20.4% in DM), to
be used for ruminant nutrition, with a biomass yield of 1.9 tonnes DM/ha and a
CP which is 18.1% of DM; an NDF of 42% and an ADF which is 36.1% of DM,
and the capacity of growing in poor soils and dry areas. Preliminary studies on PC
have reported a growth up to a height of about 60 cm at fully blooming, and can
produce  pods  at  about  3  to  4  months.  Hay  from PC can  be  produced  from the
entire PC crop following sun-drying in about 2 to 3 days, and usually the first hay
harvest  from  the  foliage  is  made  three  months  after  planting.  Soil  fertility  is
enriched if  inter-cropping of  leguminous fodder  as  food-feed with PC is  made,
providing  in  addition  supplemental  fodder.  Some  trials  on  the  use  of  PC  for
nutrition in buffaloes have been carried out, and they have revealed a high level of
DM intake (2.4% of BW), high DM digestibility (71%) and apparent digestibility
OM  (75.2%).  Condensed  tannins  (2-3%  CT)  were  generally  found  in  lower
concentrations in matured PC leaf, although levels were higher in PC harvested at
a younger stage. A study by Reed [27] has revealed that if condensed tannins in
the feed exceed 6% of  DM, a  reduction in  feed intake and digestibility  will  be
witnessed.  Moreover,  protein will  be protected from rumen digestion if  the CT
level  is  found  between  2  to  4% of  DM,  increasing  thus  the  amount  of  by  pass
protein. As intercrop, PC should be planted with cassava in the FFS: in fact, this is
very likely the best method to improve soil enrichment and in addition enhance
crop biomass and protein value. Furthermore, to underline the importance of PC
as a valuable intercrop legume, this plant has a high crude protein in DM and an
even high proportion of by pass protein [28, 29]. It is possible that such a high
level  of  by  pass  protein  found  in  this  legume  may  be  linked  to  the  content  of
tannins,  having  the  characteristic  to  bind  to  the  proteins  and  making  them
unavailable to the rumen microorganisms. An increase in maize grain yield has
been reported by Agboola and Fayami [30] when compared to control group of
plant,  when  Phaseolus  aureus  (mungbean)  was  inter   planted  with  the  maize.
Nitrogen  transfer  from  legumes  to  maize  was  found  to  be  equivalent  to  45  kg
N/ha. The apparent digestibility coefficients of dry matter were 42 and 51% for
wheat straw and legume hay, respectively. From these data, it can be estimated
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that  if  an  adequate  amount  of  hay  from  such  legumes  can  be  produced,  then
ruminant nutrition will be greatly improved. From the amount of legume produced
under a  given intercropping system, will  depend the increase in digestibility of
cereal residue.

4.  RUMEN  ECOLOGY,  FERMENTATION  AND  CONTRIBUTING
FACTORS

The  main  source  of  protein  supply  in  ruminants  is  given  by  the  amount  of
synthesized microbial protein in the rumen, representing 50 to 80% of the total
protein absorbed [31]. The limiting nutritional factors of microbial growth within
the rumen are given by the rumen availability of energy and nitrogen [32]. The
energy  for  the  synthesis  of  microbial  protein  and  microbial  growth  is  mainly
derived from dietary carbohydrate. Whenever non structural carbohydrates (NSC)
are in high proportion in the diet and the ruminal pH is favorable, microorganisms
fermenting  this  substrate  will  grow  rapidly,  resulting  in  increased  microbial
production.  On  the  other  hand,  if  the  accumulation  of  lactic  acid  reaches  a
threshold,  a  drastic  reduction  in  pH  occurs,  and  with  it  a  change  in  microbial
ecology and dry matter intake [33]. Rumen fermentation and the growth of living
bacteria inside it, may be affected by two other major factors, namely: the rumen
pH,  which  may  depress  the  growth  of  rumen  bacteria,  especially  cellulolytic
bacteria and methanogenic Archaea, when it is found below 6.2, and the passage
rate,  as  a  differentiation is  seen in  microbial  diversity  and growth of  microbial
cells. When the dilution rate is increased and due to the high renewal rate, some
microorganisms  with  shorter  generation  will  be  selected,  causing  an  output  of
rumen  microorganisms  characterized  by  lower  growth  rates,  and  therefore
increasing microbial efficiency on readily available carbohydrates. In turn, such
path  is  affected  on  the  level  of  consumption  of  animal  feed,  particle  size,
proportion and quality of the type of forage and the processing of carbohydrates
[32, 34 - 36]. According to Waldo and Glen [37], since rumen microorganisms
reach the  highest  efficiency in  terms of  protein  synthesis,  then dietary  proteins
should  be  supplied  as  to  meet  the  corresponding  microbial  needs,  once  no
limitation on energy source and other factors is in force. In order to reach the most
efficient use of proteins within the tissues, protein request and demands from the
tissues  themselves  have  to  be  the  sum  of  both  dietary  non  degraded  rumen
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proteins and microbial proteins, qualitatively and quantitatively. With regard to
the  quantification  of  microbial  protein  synthesis  in  the  rumen  from  microbial
fermentation, this has to take into account both population growth and microbial
biomass  [38].  However,  intracellular  ammonia  of  rumen  bacteria  was  highly
correlated  with rumen  NH3-N and  microbial  protein  synthesis  as  shown  in
Fig.  (1),  and  declined  when  NH3-N  was  less  than  5  mg/dl  and  unfermented
carbohydrates increased. It was also found that intracellular NH3-N was at least
1.6 mg/dl higher than the extracellular concentration [39]. Song and Kennelly [40]
demonstrated that in non lactating Holstein cows on a silage diet, increasing levels
of  rumen  NH3-N,  up  to  15.7  mg/dl,  significantly  increased  mixed  bacterial
numbers and their fermentation patterns, but not the extent of ruminal degradation
of  feeds.  In  sheep  fed  on  citrus  pulp  and  Italian  ryegrass  hay  (33%  NDF),
increasing rumen NH3-N did not improve OM digestion, VFA concentrations and
profiles and microbial protein synthesis [41]. Lactating Holstein cows receiving
alfalfa  silage,  maintaining  rumen  NH3-N  at  a  high  level  (18.7-22.9  mg/dl)  and
plasma  urea  N  (15.0-20.4  mg/dl),  could  achieve  high  milk  yield  (31.1-32.7
kg/hd/d) [42].  Furthermore, Wanapat and Pimpa [43] reported rumen NH3-N at
15–30  mg  %,  which  resulted  in  optimal  rumen  fermentation  and  decreasing
protozoa  population.

The amount of microbial proteins synthesized in the rumen, has been estimated up
to 13% of the digestion of the total digestible nutrients (TDN), in beef cattle by
NRC (2001). With regard to lactating cattle, Reynal and Broderick [44], given an
RDP  from  10.6  to  13.2%  from  DM,  have  reported  a  positive  linear  effect  on
protein  synthesis,  with  the  highest  yield  observed at  12.3% of  RDP.  Such data
collected in cattle, have yet to be determined effectively in buffaloes, although the
minimum  concentration  of  NH3-N  not  affecting  microbial  synthesis  has  been
measured  as  being  5  mg/100  mL  in  the  rumen  fluid  [45].  Erdman  et  al.  [46]
suggested that in order to have the maximum digestion and microbial growth, the
minimum concentration of ammonia nitrogen, increases with the fermentability of
the  diet.  In  fact,  the  rapid  disappearance  of  ammonia  will  be  caused  by  the
absorption by the rumen wall  or  its  use  by microorganisms.  Variable  ammonia
concentration in the rumen has been measured. The peak NH3- N concentration in
the buffalo rumen has been observed to occur within two hours after the diet [47]



Feed Resources, Rumen Fermentation The Buffalo (Bubalus bubalis) - Production and Research   153

with different levels of NDF and obtained an overall average of 21. 5 mg rumen
ammonia concentration, whereas two hours after feeding was 31.76 mg. Wanapat
and  Pimpa  [43]  have  suggested  that  in  swamp  buffaloes  a  value  of  14  mg  of
ruminal  ammonia  as  being  optimal,  and  several  studies  have  confirmed  the
relationship  between  protein  production  and  excretion  of  purine  derivatives  in
urine  [48].  A  simple  and  non  invasive  method  to  estimate  microbial  protein
production in the rumen is by assessing excretion of purine derivatives (PD) in the
urine.  This  methodology  implicitly  gives  the  assumption  that  the  nucleic  acids
within  the  duodenum  are  predominantly  of  microbial  origin,  and  therefore
following  intestinal  digestion  of  purine  nucleotides,  absorbed  purines  are
inevitably catabolized and recovered proportionally in the urine as derivatives of
purines.

Fig. (1). Energy and protein metabolism in the rumen microbial protein synthesis Source: Modified from
[54].

The possibility to predict microbial protein production in cattle, goats, sheep and
camels  is  a  reliable  procedure,  as  PD  excretion  is  closely  related  to  protein
production following digestion of microbial nucleic acids in the small intestine.
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On the contrary,  in buffaloes such methodology is not as efficient,  because PD
excretion is lower than in other species [49 - 52]. Pimpa et al. [53] observed that
the  daily  urinary  excretion  in  buffaloes  allantoin,  uric  acid  and  total  purine
derivatives were 215.9 mol/ kg BW0.75, 63.4 mol/kg BW0.75 and 279.4 mol/kg
BW0.75, respectively.

5. URINARY PURINE DERIVATIVES IN SWAMP BUFFALOES

Recent studies were conducted to investigate the effect of roughage to concentrate
ratio [55] in swamp buffaloes using PCR-DGGE and Real-time PCR technique.
Under this study, methanogenic bacterial diversity were found and population of
predominant  cellulolytic  bacteria  were  found  with  higher  population  of
F.succinogenes,  R.  flavefaciens  and  R.  albus  in  both  rumen  digesta  and  fluid,
respectively.  Chen  et  al.  [56]  carried  out  a  comprehensive  study  regarding  a
specific comparison between buffaloes and cattle on urinary excretion of purine
derivatives  (PD)  and  tissue  xanthine  oxidase.  From  these  studies,  xanthine
oxidases  were  found  in  plasma,  liver  and  intestinal  tissues,  respectively  and
patterns of PD (allantoin and uric acid) excreted were similar between buffalo and
cattle. It was also reported by Liang et al. [57] that swamp buffalo significantly
excreted less urinary allantoin and total purine derivative as compared to those of
Malaysian Kedah cattle. In connection with this regard, it was clearly shown that
difference in purine derivative excretion in buffalo was due to a lower glomerular
filtration rate (GFR). As a consequence, such compounds will spend more time in
the blood and will be recycled more into the rumen and therefore metabolized by
microorganisms,  or  alternatively  the  blood-to-rumen  permeability  is  greater  in
buffalo than cattle, in contrast with earlier work by Pimpa et al. [53].

For  animals  fed  below  maintenance  level,  the  link  between  duodenal  input  of
purine and urinary PD output, is a reflection of the biochemical feedback on the
de novo synthesis process by the salvage of absorbed exogenous purine by tissues
[59] rather than exogenous absorption. However, the excretion of urinary purine
derivatives  (PD;  i.e.,  allantoin  and  uric  acid)  may  constitute  an  alternative
noninvasive technique based on the principle that the bulk urinary PD is derived
from microbial nucleic acid flowing out from rumen. Several authors [56, 60 - 62]
have  confirmed  the  relationship  between  the  duodenal  supply  of  RNA and  the
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urinary excretion of PD, although such a relationship is usually obscured by an
endogenous fraction coming from the turnover of nucleic acid in tissues and the
incomplete urinary recovery of infused purines.

6.  COMPARATIVE NUTRITIONAL STUDIES BETWEEN BUFFALOES
AND CATTLE

Wanapat  et  al.  [63]  reported  that  swamp buffaloes  and  a  crossbreed  (Brahman
native) were fistulated and randomly assigned to receiving rice straw ad libitum
together with or without supplementation of concentrate at 0.3% of body weight,
and some significant differences between the two species were reported. In fact, in
buffaloes,  rumen  pH,  bacteria  and  fungal  zoospores  were  higher  in  content,
whereas protozoa were found lower (P < 0.05). In addition, in buffaloes, diurnal
ruminal  NH3-N  concentrations  were  consistently  higher  than  cattle,  and  this
affected nutrient digestibility, in particular of CP and fibrous digestibility (NDF,
ADF). In the same experiment,  it  was shown that a real-time polymerase chain
reaction  approach  was  able  to  determine  the  population  of  cellulolytic  bacteria
(Fibrobacter succinogenes, Ruminococcus albus, and Ruminococcus flavefaciens)
in digesta and rumen fluid of swamp buffalo (Bubalus bubalis) and beef cattle. It
was found that the applicability of real-time PCR techniques for the quantification
of cellulolytic bacterial numbers (R. albus, and R. flavefaciens) in the digesta of
swamp were higher than cattle. However, at 4h R.albus were significantly higher
in  buffalo  than  cattle  in  rumen  fluid,  but  R.  flavefaciens  and  F.succinogenes
tended  to  be  higher  in  cattle  than  in  buffalo  in  the  rumen  fluid.  However,  the
digesta  sample  had  higher  cellulolytic  bacteria  than  those  found  in  the  rumen
fluid.  This  finding  indicates  higher  ability  of  buffalo  in  digesting  low-quality
roughages. In the tropics, the majority of ruminants are fed on low quality forage,
agricultural  crop  residues  and  industrial  byproducts  containing  reduced
availability  of  good  quality  proteins,  high  level  of  cellulosic  components,  low
level  of  fermentable  carbohydrate.  Moreover,  harsh  environments  characterize
long dry seasons, with high temperature, low soil fertility together with reduced
feed  availability  throughout  the  year.  All  this  will  impact  negatively  on  rumen
microorganisms and fermentation processes [64, 65]. Furthermore, Wanapat [66]
highlighted the importance of local feed resources to be used as animal feed and
enhancing rumen fermentation, and as a consequence ruminant productivity in the
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tropics. It was also reported that in swamp buffaloes, nitrogen utilization is more
efficient  than  in  Malaysian  cattle  [67],  especially  in  particular  environmental
conditions when feed supply is low in quantity and/or quality. The reasons behind
a higher capacity of buffaloes over cattle has not been fully elucidated, although it
is likely that such difference may be attributed to the nature of rumen microbial
population  which  in  turn  is  responsible  for  the  efficiency  and  type  of
fermentation.  Therefore,  the  difference  in  digestive  efficiency  derived  by  the
fermentation of end-products available for absorption and follow up utilization, is
a reflection of the variations found in cattle and buffaloes in the proportions of
ruminal  bacteria,  protozoa  and  fungi.  Wora-anu  et  al.  [68],  on  the  same  line,
reported  a  significant  higher  amount  of  ruminal  cellulolytic,  proteolytic  and
amylolytic bacteria in swamp buffaloes in comparison to cattle fed similar diets.
Another  study focusing on a  direct  comparison among native  beef  cattle,  dairy
cattle  and swamp buffaloes,  revealed significant  differences  related to  a  higher
content  of  bacteria  (1.61  x1010,  1.54  x1010  and  2.15  x1010  respectively),  fungal
zoospores (7.80 x106, 4.54 x106 and 15.13 x106 respectively) and lower protozoa
(5.15 x105, 5.61 x105 and 2.00 x105 respectively) population in swamp buffaloes
when  compared  to  other  species  [69].  This  results  confirmed  efficient  rumen
ecology of swamp buffaloes characterized by enhanced and better feed utilization.
Bacteria, like F.succinogenes, R. albus and R. flavefaciens are the most important
cellulolytic  ruminal  bacteria,  and  bacteria  in  general  can  be  considered  the
predominant form of microorganisms in the rumen, playing an instrumental role
in the degradation of dietary fiber [70, 71]. Some recently developed molecular
biology procedures, allow the analysis of the above mentioned bacteria without
the need of cultivating them, and giving thus the possibility to identify a number
of functional bacteria to be used as target for basic and applied research.

A brief  report  concluded that  when swamp buffaloes receive various rations of
roughage  to  concentrate  (R:C),  F.succinogenes  is  the  highest  in  population
followed by R.  flavefaciens  and  R.  albus  measured  in  rumen digesta  and fluid,
using  Real-time  PCR,  respectively  [72].  Under  this  study,  F.succinogenes  was
found highest in the digesta, and the three cellulolytic bacterial values were 3.21
x109, 4.55 x107, and 4.44 x106 copies/ml for F.succinogenes, R. flavefaciens, and
R. albus, respectively.
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7. TREATMENT METHODS OF CROP-RESIDUES AND LOW-QUALITY
ROUGHAGES

There  are  many  feed  resources  and  low-quality  roughage,  crop-residues  and
industrial  by-products  available  in  many  regions,  and  especially  in  the  tropics.
However, their nutritive values are relatively low, thus any treatment methods are
generally  required  for  utilization  improvements.  In  Fig.  (2),  details  of  the
treatment  methods  are  shown.  There  are  a  number  of  development  strategies
pertinent to feeding and nutrition. Increasing the total feed supply base is of the
highest  priority  since  lactating  animals  require  high  quality  feeds  in  adequate
amounts. This need to be coupled to more complete utilization of existing feeds,
and  more  efforts  to  be  done  to  cultivate  forage  on  existing  land,  including
waysides and rice bunds. Such fodders as Napier grass; Pennisetum purpureum,
Guinea grass; Panicum maximum and Signal grass; Brachiaria decumbens, Ruzi
grass,  Brachiaria  ruziziensis  and  pigeon  pea;  Cajanus  cajan,  are  valuable.  In
many  part  of  Asia,  inadequate  production  and  utilization  of  the  feed  resources
from the land, rather than limitation in the availability of land per se, represents
the principal obstacle to high productivity from farm animal and viability of small
farm systems.  Considerable  opportunity  exists  for  increased production of  feed
from land that has been inadequately cultivated, including the utilization of dry
matter yield in the undergrowth of tree crops. More complete use of the available
on-farm crop-by-products,  an agroindustrial  by products  is  also important  [73].
Systems proposed to increase the feed for small holder farmer include backyard
pasture establishment and a three-strata-forage (grass-shrub-tree plant) system in
an attempts to ensure continuous supply of feeds throughout the year.

In  recent  years,  consideration  and  attention  has  been  given  to  improving  the
feeding  value  of  fibrous  agricultural  residues  and  by-product  as  well  as
supplementation strategies. A schematic outline of the treatment is illustrated in
Fig. (2). Quantity and quality of feed resources in the tropics have been limited by
seasonality and their  nutritive values [14,  73,  74].  Minson [75] has presented a
comprehensive coverage of the differences of nutritive value between the tropical
and temperate  areas  in  regards  to  carrying lower  protein,  metabolizable  energy
and  inertial  content,  higher  fibrous  fraction  and  containing  various  toxic
compounds  [76].  However,  due  to  the  enormous  amount  of  crop  residues
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available in developing countries, the potential use of these resources have been
presented  [74,  77  -  79].  Fibrous  agricultural  residues  contain  a  large  pool  of
structural carbohydrate which can be potentially degraded by rumen microbes into
volatile fatty acids. These are the most important disadvantages encountered in the
utilization  of  these  resources  as  feeds.  Therefore,  proper  treatments  and/or
supplementation  are  needed  to  overcome the  shortfalls  and  to  improve  feeding
efficiency [14, 77, 80].

Fig. (2). Treatment methods of crop-residues and low-quality roughages.

8. ROLE OF TANNINS AND SAPONINS ON RUMEN FERMENTATION
(FIG. 3)

Plant  secondary  metabolites  such  as  saponins  and  tannins  (hydrolyzable  and
condensed) have been extensively assessed for their antimicrobial effects and their
potential  to  modulate  ruminal  fermentation  and  improve  nutrient  utilization  in
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ruminants [81]. Tannins are a complex group of polyphenolic compounds found
in  a  wide  range  of  plant  species  commonly  consumed  by  ruminants,  and  are
usually  classified  into  two  major  groups:  the  hydrolysable  and  the  condensed
tannins.  For  a  long  time,  tannins  have  been  considered  to  be  detrimental  to
ruminants, although their beneficial or harmful effect may be linked to a number
of factors like the type of tannin consumed, its chemical structure and molecular
weight, the amount ingested, and the animal species involved. It has been shown
that  voluntary  feed  intake  and  nutrient  digestibility  are  reduced  by  high
concentration of  tannins in  the diet,  whereas  the digestive utilization of  feed is
enhanced  by  the  assumption  of  low  to  moderate  concentrations  of  tannins,
possibly due to a reduction in protein degradation in the rumen and a subsequent
increase in amino acid flow to the small intestine [82]. With regard to saponins,
only a limited amount of information is available on their effect on rumen bacteria
(Fig. 3), although an effect on rumen bacteria from condensed tannins/saponins is
in place, according to evidence from in vitro and in vivo cultures. Newbold et al.
[83]  showed  that  S.  sesban  foliage  and  Y.sichidigera  extract,  respectively,
increased total  number of bacteria.  This effect  seems to be dependent upon the
type  of  saponin  and  the  bacteria  species.  A  significant  increase  in  rumen
cellulolytic and total bacteria in sheep fed with S. saponaria was reported by Diaz
et al. in an in vivo study [84]. Differently, following 14 h of exposure to saponin,
Y.  schidigera,  Ruminococcus  albus  and  Ruminococcus  flavefaciens,  but  not
Fibrobacter  succinogenes,  were  found  unable  to  digest  cellulose  in  a  study  by
Wang  et  al.  [85].  In  another  study  by  Wina  et  al.  [86]  cellulolytic  activity
decreased,  suggesting  that  not  all  the  cellulolytic  species  of  bacteria  had  been
taken  into  consideration,  or  else  that  saponins  had  the  effect  of  decreasing  the
activity without though a drop in the number of bacteria themselves.

Lately, some interest has been evidenced on the potential  effect of saponins on
methanogenic archaea and rumen methane production, considering the detrimental
effect of saponins on protozoa and that around 25% of ruminal methanogens live
in association with protozoa [83],  Moreover,  Poungchompu et al.  [87] reported
the use of two different strategies consisting in a i) two roughage-to-concentrate
ratio  (R:C,  70:30  and  30:70),  and  two different  levels  of  supplementation  with
soapberry fruit-mangosteen peel (SM) pellet (0 and 4% tannins-saponins of the
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total diets). As a roughage source, rice straw was chosen, and the diet was given
to animals ad libitum as a total mixed ration. SM pellets contained crude tannins
and saponins  at  12.1  and 15.7% of  DM, respectively.  It  was  found that  at  R:C
30:70 the DM intake and the digestibility of DM, CP and NDF were increased,
while SM pellet supplementation reduced the DM digestibility, and ruminal pH
was  decreased.  Following  a  high  increase  of  SM  pellet  supplementation,  total
VFA and propionate increased, whereas simultaneously the acetate concentration
and the acetate-to-propionate ratios decreased. Methane production decreased at
R:C  30:70,  and  even  more  when  SM  pellets  were  supplemented.  This  was  in
agreement with the percentage of methanogens in total ruminal DNA.

Fig. (3). Plant secondary compounds (tannins & saponins) and rumen fermentation.

In addition, when the same high concentrate proportion was given (R:C 30:70) as
well as with SM pellet supplementation, fungal zoospores were reduced, and with
SM  pellet  supplementation  also  protozoal  populations  lowered.  It  can  be
concluded that in this study, both the roughage-to-concentrate ratio and SM pellet
supplementation,  may  cause  changes  in  ruminal  microorganisms  and  their
fermentation  end  products.

On a different note, it has been shown that meat and milk derived from ruminants
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contain  a  number  of  fatty  acids,  like  CLA which  are  characterized  by  exerting
beneficial  biological  properties  in  mammals.  In  fact,  the  cis-9,  trans-11  CLA
(rumenic  acid,  RA)  has  been  shown  to  reduce  the  incidence  of  cancer  [88],
diabetes  [89],  and  atherosclerosis  [90].  The  CLA  content  of  meat  and  milk  is
strongly  linked  to  the  ruminal  biohydrogenation  (BH)  of  cis-9,  cis-12  C18:2
(linoleic acid, LA) and cis-9, cis-12, cis-15 C18:3 (linolenic acid, LNA). During
BH,  LA  and  LNA  are  gradually  isomerized  and  saturated  to  form  several  18
carbon diene and monoene isomer intermediates; the final product of this pathway
is  C18:0  (stearic  acid,  SA  [91].  The  rate  and  the  extent  of  this  pathway  are
strongly  dependent  on  the  diet  of  the  animal  [92].  Moreover,  RA  can  also  be
formed endogenously in the muscle or in the mammary gland from trans-11 C18:1
(vaccenic acid, VA) through the action of Δ9-desaturase enzyme [93].

Another  effect  that  dietary  tannins  may exert  on  feeds,  is  the  interference  with
digestive activities by binding to dietary proteins and by reducing the activity of
ruminal microorganisms [94], in addition to reduce ruminal BH in vitro [95, 96]
and increase muscle Δ9-desaturase protein expression [96] in sheep.

9.  USING  TROPICAL  PLANTS  AND  HERBS  TO  IMPROVE  RUMEN
FERMENTATION AND REDUCE METHANE PRODUCTION

In Tables 1 and 2, chemical compositions of local feedstuffs and effects of plant
secondary  compounds  and  plant  oil  on  rumen  fermentation  end  products  are
shown,  respectively.  Total  VFAs  was  affected  only  by  garlic  powder  and
mangosteen  peel  powder,  and  a  significantly  lower  (P<0.05)  total  VFAs  with
respect to a control group was reported following supplementation with 16 mg of
garlic  powder  in  an  in  vitro  study,  although  an  in  vivo  study  was  not  affected
similarly [97, 98]. Newbold et al. [99] and Benchaar et al. [81], reported a similar
outcome in an in vivo study on essential oil and rumen fermentation. On the same
topic, Whilst [97] reported a linear reduction on total VFAs (P = 0.08) following
increased supplementation with garlic at 40, 80 and 120 g/h/d. Similarly, in an in
vivo study a significant increase (P<0.05) on total VFAs concentration following
mangosteen  peel  powder  was  reported,  differently  from  what  shown  by
Ngamsaeng et al. [100] in a similar study performed in beef cattle. However, the
effects  of  condensed  tannins  supplementation  were  reported  to  decrease  total
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VFAs [101], whereas, the effect of condensed tannins plus saponin showed that
total VFAs was significantly (P <0.05) increased when supplemented with both
compounds  [87].  A  significant  reduction  in  total  VFAs  concentration  (P<0.05)
was reported following use of plant oil supplementation, but not when using 16
mg  of  supplementation  of  coconut  oil  in  an  in  vitro  study,  similarly  to  results
derived  from  a  combined  supplementation  of  plant  oil  and  garlic  powder  [98,
102].

Table 1. Chemical composition of local feed resources.

Substrate DM CP NDF ADF CT* CS* References

Mangosteen peel 93.0 18.3 56.8 51.3 16.8 10.0

Ngamsaeng et al. (2006)

Guava leaf 91.0 10.1 54.0 29.1 15.8 2.8

Siam neem leaf 89.0 14.9 52.1 30.0 11.4 2.8

Sesbania leaf 89.5 28.0 27.4 14.6 4.6 2.0

Sugar apple leaf 90.1 18.6 49.9 23.1 3.8 nd

Star gooseberry leaf 89.3 17.4 54.1 28.9 3.4 nd

Coral leaf 87.2 19.2 50.5 31.1 2.6 1.8

Bai yanang 90.5 16.4 62.3 37.1 2.3 1.3

Cassava hay 88.9 21.7 54.0 31.2 2.2 1.7

Bitter cucumber 85.8 1.3 50.9 30.1 2.1 4.1

Banana leaf 89.4 13.8 78.2 35.6 1.7 1.3

Mulberry leaf 87.1 15.2 56.6 18.6 1.6 2.3

Pak kayaeng 87.6 14.9 63.1 53.8 0.7 1.3

Fresh banana fruit 83.4 2.3 45.4 11.3 nd 1.9

Indian mulberry fruit 88.8 7.1 49.8 39.9 nd 3.1

Banana flower 89.2 12.4 68.5 52.8 nd nd

Rice straw 90.6 3.0 85.6 53.2 nd nd

Lemongrass powder 93.5 1.3 66.3 42.7 no no Wanapat et al. (2008a)

Garlic powder 93.0 19.2 6.5 5.1 no no Kongmun et al. (2010b)

Soap berry tree fruit no no no no no 20.1 Poungchompu et al. (2009)
* CT = Condensed tannins, CS = Crude saponins, nd = not detectable and no = not observed.
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Table 2. Effects of plant secondary compounds and plant oil on ruminal volatile fatty acid production
in various studies.

Substrates Level Total
VFAs

Acetate Propionate Butyrate C2:C3 Animal References

(mM) (mol/100 mol)

In vitro study

Bitter cucumber 200 mg 88.0 57.6 34.6 77.7 1.6 Steer
(rumen
fluid)

Ngamsaeng
et al. (2006)

Banana leaf 200 mg 72.8 58.6 34.1 7.2 1.7 Steer
(rumen
fluid)

Ngamsaeng
et al. (2006)

Guava leaf 200 mg 59.5 52.1 31.3 16.4 1.6 Steer
(rumen
fluid)

Ngamsaeng
et al. (2006)

Mangosteen peel
powder

200 mg 80.6 59.9 33.8 6.1 1.7 Steer
(rumen
fluid)

Ngamsaeng
et al. (2006)

Garlic powder 16 mg (-) 160.9 (-) 54.0 (+) 33.1 (+) 12.9 (-) 1.6 Buffalo
(rumen
fluid)

Kongmun et
al. (2010)

Coconut oil 16 mg (+)195.4 60.3 28.8 10.8 (+) 2.1 Buffalo
(rumen
fluid)

Kongmun et
al. (2010)

In vivo study

Mangosteen peel
powder

100g/h/d 90.3 60.9 24.5 14.4 2.6 Beef
cattle

Ngamsaeng
et al. (2006)

Mangosteen peel
powder

100g/h/d (+) 106.1 (-) 65.2 (+) 23.0 11.8 (-) 2.8 Native
beef cattle

Kongmun et
al. (2009)

Soapberry tree
fruit

100g/h/d 102.9 (-) 64.2 (+) 23.5 12.3 (-) 2.7 Native
beef cattle

Kongmun et
al. (2009)

Lemongrass
powder

100 g/h/d 114.1 67.7 24.1 8.3 2.8 Beef
cattle

Wanapat et
al. (2008a)

Garlic powder 80g/h/d 98.0 63.3 (+) 23.4 13.3 (-) 2.8 Steer Wanapat et
al. (2008b)

Coconut oil 7% (-) 96.6 66.1 21.4 (+) 12.5 3.1 Native
beef cattle

Kongmun et
al. (2009)

Coconut oil 7% (-) 93.1 (+) 65.4 (+) 27.2 6.9 (-) 2.4 Buffalo Kongmun et
al. (2010a)

Sunflower oil 6% (-) 99.6 66.7 22.8 10.5 2.9 Buffalo Wanapat et
al. (2009)
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Substrates Level Total
VFAs

Acetate Propionate Butyrate C2:C3 Animal References

(mM) (mol/100 mol)

Combination

Coconut oil +
Sunflower oil

6% (-) 102.9 (+) 68.4 (-) 20.0 11.7 (+) 3.5 Buffalo Wanapat et
al. (2009)

Coconut oil:
Garlic powder

8:4 (mg) (-) 167.6 55.1 32.5 12.4 (-) 1.7 Buffalo
(rumen
fluid)

Kongmun et
al. (2010b)

Coconut oil +
Garlic powder

7% +
100g

(-) 89.9 (-) 65.7 (+) 27.1 7.2 (-) 2.4 Buffalo Kongmun et
al. (2010a)

(+) = The value is significantly higher (p <0.05) than control group.
(-) = The value is significantly lower (p <0.05) than control group.

A  significant  decrease  (P<0.05)  in  the  proportion  of  acetate  production  was
reported  when  garlic  powder,  mangosteen  peel  powder  and  soapberry  fruit
powder were used, differently from the use solely of plant oil supplementation.
Furthermore,  acetate  production  was  again  significantly  reduced  (P<0.05)
following a combined of 7% coconut oil and 100 g of garlic powder, as well as
plant powder supplementation.

The proportion of propionate production was also affected by a supplementation
of garlic powder, mangosteen peel powder, soap berry fruit powder, coconut oil,
as well as a combined supplementation with coconut oil and garlic powder. On the
same topic, a significant decrease (P<0.05) in propionate production was reported
following a combined use of 6% coconut oil and sunflower oil, whereas only the
supplementation of coconut oil and garlic powder determined the increase in the
proportion of butyrate [103, 104].

A  significant  decrease  in  the  C2:C3  ratio  was  seen  when  either  garlic  powder,
mangosteen  peel  powder,  soapberry  fruit  powder  as  well  as  a  combination  of
coconut oil and garlic powder were used [97, 103, 104]. Methane emission was
inhibited  by  supplementation  with  garlic  essential  oil  [105],  although the  same
inhibition produced equivalent compounds in need to be disposed, propionate and
butyrate being the main alternative [106]. Busquet et al. [105] have suggested that
acetate and methane proportions are reduced  whereas  propionate and butyrate are
increased to the same extent following action of garlic oil,  diallyl disulfide and

(Table 2) contd.....
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allyl mercaptan.

This  may  suggest  the  idea  that  both  diallyl  disulfide  and  allyl  mercaptan  are
responsible for the majority of the effects reported, more than diallyl sulfide and
allicin. Supplementation with plant oils may significantly decrease (P<0.05) OM
digestibility,  and  in  fact,  7% supplemented  coconut  oil  can  be  accounted  for  a
digestibility reduction from 2 to 8.7% in vivo and up to 12.1% in vitro, as shown
in Table 3 [103, 104]. Differently, it has been shown that OM digestibility can be
increased  by  the  use  of  garlic  powder  (in  vitro)  and  lemongrass  powder,  from
15.6%  to  48.4%  [55,  104].  Supplementation  of  garlic  powder  alone  could
significantly  reduce  (P<0.05)  methane  gas  production  up  to  22%,  although  a
different  supplementation  using  either  7%  coconut  oil  alone  and  a  combined
supplementation of the same 7% coconut oil with 100 g garlic powder can also
significantly  (P<0.05)  reduce  methane  gas  production  from  9.1%  to  10.2%,
respectively  [104].  Calsamiglia  et  al.  [107]  reported  in  methanogenic  Archaea,
that  the  synthesis  of  the  isoprenoid  units  is  catalyzed  by  the
hydroxymethylglutaryl coenzyme-A (HMG-CoA) reductase, an enzyme that has
also  been  described  in  the  liver  and  that  participates  in  the  synthesis  of
cholesterol.

Garlic  oil  and  some  derived  organosulfur  compounds  are  strong  inhibitors  of
HMG-CoA  reductase  [108]  and  as  a  result,  by  inhibiting  isoprenoid  synthesis,
instability  of  Archaea  membrane  results,  followed  by  cell  death.  A  positive
correlation has been highlighted by many studies between methane gas production
and ruminal digestibility, although in this study a supplementation with coconut
oil  alone  or  in  combination  with  garlic  powder  has  been  reported  to  reduce
methane production, without any effect on nutrient digestibility [109] (Table 5).

Table  3.  Effects  of  plant  secondary  compounds  and  plant  oil  on  digestibility  and  methane  gas
production  in  various  studies.

Substrates Level Digestibility,% Methane,
%

Animal References

In vitro study

Bitter cucumber 200 mg no no Steer (rumen
fluid)

Ngamsaeng et al.
(2006)
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Substrates Level Digestibility,% Methane,
%

Animal References

Banana leaf 200 mg no no Steer (rumen
fluid)

Ngamsaeng et al.
(2006)

Guava leaf 200 mg no no Steer (rumen
fluid)

Ngamsaeng et al.
(2006)

Mangosteen peel
powder

200 mg no no Steer (rumen
fluid)

Ngamsaeng et al.
(2006)

Garlic powder 16 mg (+) 48.4* (-) 22.0* Buffalo
(rumen fluid)

Kongmun et al.
(2010b)

Coconut oil 16 mg (-) 12.1* (+) 6.4* Buffalo
(rumen fluid)

Kongmun et al.
(2010b)

In vivo study

Mangosteen peel
powder

100g/h/d (-) 2.3 no Beef cattle Ngamsaeng et al.
(2006)

Mangosteen peel
powder

100g/h/d (+) 0.9 (-) 10.5 Native beef
cattle

Kongmun et al.
(2009)

Soapberry tree fruit 100g/h/d (-) 2.1 0.0 Native beef
cattle

Kongmun et al.
(2009)

Lemongrass powder 100 g/h/d (+) 15.6* no Beef cattle Wanapat et al.
(2008a)

Garlic powder 80g/h/d (-) 1.6 no Steer Wanapat et al.
(2008b)

Coconut oil 7% (-) 28.7* (+) 39.5* Native beef
cattle

Kongmun et al.
(2009)

Coconut oil 7% (-) 2.6 (-) 10.2* Buffalo Kongmun et al.
(2010a)

Sunflower oil 6% (-) 9.0* no Buffalo Wanapat et al. (2009)

Combination

Coconut oil +
Sunflower oil

6% (-) 2.7 no Buffalo Wanapat et al. (2009)

Coconut oil: Garlic
powder

8:4 (mg) (+) 4.6 (-) 18.9* Buffalo
(rumen fluid)

Kongmun et al.
(2010b)

Coconut oil + Garlic
powder

7% + 100g (-) 2.2 (-) 9.1* Buffalo Kongmun et al.
(2010a)

(*) is significantly different (p<0.05) from control group. (+,-): increased or decreased values compared to
control group. (no) = not observed

(Table 3) contd.....
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10. MOLECULAR BIOLOGY TECHNIQUES AND INVESTIGATION ON
RUMEN MICROORGANISM POPULATION AND DIVERSITY

At  present,  to  study  rumen  ecology  and  microbial  diversity,  modern  molecular
biology  techniques  based  on  16S/18S  rRNA/rDNA  are  always  more  and  more
employed,  such  as  real-time  PCR  and  PCR-Denaturing  Gradient  Gel
Electrophoresis  (PCR-DGGE).  In  fact,  real  time  PCR  technology  has  been
instrumental  in  providing useful  data  on rumen microorganism population,  and
the influence exerted by supplemented secondary plant compounds, as reported in
Table 4. Population of protozoa has been shown to be reduced following exposure
to coconut oil, garlic powder, mangosteen peel powder and lemongrass powder,
and  a  significant  reduction  (P<0.05)  following  a  combination  of  supplemented
garlic powder with coconut oil up to 68.4-75.9% [103]. Protozoa population has
been reduced more effectively by garlic powder when compared to mangosteen
peel powder, and in fact, garlic powder was able to reduce protozoa population up
to  39.4  –  44.1%  in  an  in  vivo  study,  whereas  the  lowest  reduction  (23.8%)  in
protozoa  population  was  reported  following  supplementation  with  Lemongrass
powder  [55,  104].  Machmuller  et  al.  [110]  suggested  that  supplementation  of
coconut oil tended to reduce the population of bacteria and ciliate protozoa. The
reduction in protozoal population could be due to a decrease in the permeability
properties of their cell membrane [111]. In this review, an influence by soapberry
tree  fruit,  coconut  oil  and  sunflower  oil  has  been  highlighted  on  methanogen
population of bacteria, with a reduction up to 64.5-93.2% [102, 103]. A similar
result was found by Soliva et al. [112] reporting a reduction of both methane gas
production and the amount of Archaea, following an increase in the proportion of
C12 and a proportion of 2:1 of C12/C14, and the highest methane- suppressing
activity  (96%)  was  similarly  reported  as  with  C12  alone.  This  confirms  the
assumptions made by Dohme et al. [113] that the methane-suppressing effect of
coconut  oil  is  the  results  of  a  direct  inhibition  of  ruminal  methanogens.
Additionally,  C12  and  C14  seem  to  inhibit  the  metabolic  activity  of  the
methanogens  by  absorption  onto  the  microbial  cell  wall  [114].  The  effect  of
supplementation on three predominant cellulolytic bacteria population is shown in
Table 4. It has been shown a significant (P<0.05) reduction in cellulolytic bacteria
population following a 7% coconut oil supplementation, although such reduction



168   The Buffalo (Bubalus bubalis) - Production and Research Wanapat et al.

was  not  evidenced  when  combined  to  garlic  powder.  The  reduction  of
F.succinogenes population can be explained by oil supplemented in the feed and
with a competition among ruminal microorganisms, and in fact coconut oil may
coat rumen digesta and protect digesta attachment of F.succinogenes. Population
of the F.succinogenes was found by Wanapat and Cherdthong [115] more in the
rumen  digesta  than  rumen  fluid.  This  is  in  agreement  with  Chen  and  Weimer
[116] who found that 67.3% of F.succinogenes, 28.8% of R. albus and 3.9% of R.
flavefaciens were adherent to cellulolytic bacteria in continuous condition.

Table 4. Effects of plant secondary compounds and plant oil on ruminal microorganisms population in
various studies.

Substrates Level Protozoa,% Methanogenes,
%

RF,% RA,
%

FS,% Animal References

In vitro
study

Garlic
powder

16 mg (-) 55.2* no (+) (-) (-) Buffalo
(rumen
fluid)

Kongmun et al.
(2010b)

Coconut oil 16 mg (-) 28.0* no (-) (-) (-)* Buffalo
(rumen
fluid)

Kongmun et al.
(2010b)

In vivo study

Mangosteen
peel powder

100g/h/d (-) 39.4* no no no no Beef
cattle

Ngamsaeng et al.
(2006)

Mangosteen
peel powder

100g/h/d no (+) 6.4 (+)* (+)* (+)* Native
beef
cattle

Kongmun et al.
(2009)

Soapberry
tree fruit

100g/h/d no (-) 93.2* (-)* (-)* (+) Native
beef
cattle

Kongmun et al.
(2009)

Lemongrass
powder

100
g/h/d

(-) 23.8* no no no no Beef
cattle

Wanapat et al.
(2008a)

Garlic
powder

80g/h/d (-) 44.1* no no no no Steer Wanapat et al.
(2008b)

Coconut oil 7% no (-) 64.5* (-)* (-)* (-)* Native
beef
cattle

Kongmun et al.
(2009)

Coconut oil 7% (-) 75.9* (+) 12.3 (+) (+) (-) Buffalo Kongmun et al.
(2010a)
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Substrates Level Protozoa,% Methanogenes,
%

RF,% RA,
%

FS,% Animal References

Sunflower oil 6% no (-) 77.4* (-) (+) (-)* Buffalo Wanapat et al.
(2009)

Combination

Coconut oil +
Sunflower oil

6% no (-) 34.6 (-) (+) (-)* Buffalo Wanapat et al.
(2009)

Coconut oil:
Garlic
powder

8:4 (mg) (-) 59.4* no (-) (+)* (-) Buffalo
(rumen
fluid)

Kongmun et al.
(2010)

Coconut oil +
Garlic
powder

7% +
100g

(-) 68.4* (-) 6.0 (+) (+) (-)* Buffalo Kongmun et al.
(2010a)

(*) is significantly different (p<0.05) from control group.
(+,-): increased or decreased values compared to control group.
(no) = not observed

Moreover,  Chen  and  Weimer  [116]  studied  the  competition  among  three
predominant  ruminal  cellulolytic  bacteria  in  the  absence  or  presence  of  non-
cellulolytic  bacteria  and  reported  that  Selemonas  ruminantium  was  inhibiting
production  and  suppressing  growth  of  R.  flavefaciens  and  F.succinogenes,
respectively.  However,  it  was  found  that  mangosteen  peel  power  significantly
increased (P<0.05) cellulolytic bacteria population [103].

Currently,  supplementation  in  swamp  buffaloes  of  legumes  such  as  Phaseolus
calcaratus  has  resulted  in  improved  rumen  microorganisms,  and  especially
cellulolytic  bacteria,  namely  R.  flavefaciens,  R.albus  and  F.succinogenes.
Chanthakhoun  and  Wanapat  [117],  and  Wanapat  et  al.  [109]  reported  a
comparative study on rumen microorganism population and diversity. The results
revealed  that  swamp  buffaloes  have  higher  population  of  viable  bacteria,
cellulolytic  bacteria  and  microbial  protein  synthesis  than  other  species.

Table  5.  Effect  of  carbohydrate  sources  and  cottonseed  meal  levels  on  microbial  populations  and
microbial protein synthesis.

CC1 CR3:1
SEM

Significance2

LCM HCM LCM HCM CS CM I

Total viable bacteria, x1010 CFU/ml
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CC1 CR3:1
SEM

Significance2

LCM HCM LCM HCM CS CM I

Young dairy bull 2.7 3.9 5.6 4.9 0.85 * ns ns

Beef cattle 3.6 3.1 4.0 3.3 0.72 ns ns ns

Swamp buffalo 9.5 9.0 9.4 8.8 1.62 ns * ns

Dairy cow 4.5 4.8 4.4 5.0 0.44 ns ns ns

Cellulolytic bacteria, x108 CFU/ml

Young dairy bull 3.7 3.9 3.8 3.3 0.88 ns ns ns

Beef cattle 2.3 1.9 3.1 1.7 1.09 ns * ns

Swamp buffalo 7.4 6.8 7.4 7.0 1.95 ns * ns

Dairy cow 3.1 3.5 2.9 3.8 0.52 ns ns 3.1

Microbial protein synthesis, g N/d

Young dairy bull 42.4 46.2 53.1 46.0 4.22 ns ns *

Beef cattle 74.8 63.9 72.5 64.2 4.58 ns 0.06 ns

Swamp buffalo 79.4 70.6 80.6 68.8 4.27 ns * ns
1 CC=cassava chip, CR3:1=cassava chip + rice bran 3:1, LCM=low cottonseed meal, HCM=high cottonseed
meal
2 CS=energy sources, CM=cottonseed meal levels, I=ES*CM interaction
CFU=colony forming unit
*=P<0.05, ns= non-significant difference, SEM = standard error of the means
Source [114]:

CONCLUSION

Based  on  the  most  recent  research  findings,  swamp buffaloes  display  a  unique
rumen  ecology  and  a  diversity  of  microorganisms,  fermentation  processes  and
ability  to  effectively  degrade  low  quality  roughages,  like  crop  residues  and
byproducts.  Molecular  biology  techniques  allow  us  to  identify  rumen
microorganisms  and  providing  data  on  why  buffaloes  can  be  more  efficient  in
feed  digestion,  protein  synthesis  and  microbial  enzyme  producers.  Despite  the
recent knowledge and acquisition of data, more research effort has to be devoted
to swamp buffalo nutrition and feeding, and rumen ecology.
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CHAPTER 7

Protein Digestion and Metabolism in Buffalo
Vo Thi Kim Thanh1,* and Egil Robert Orskov2

1 Department of Animal Physiology, Hue University of Agriculture and Forestry, Vietnam
2 International Feed Resource Unit, Macaulay Land Use Research Institute

Abstract: As other ruminants, buffaloes utilize micro-organisms in the rumen to digest
the feed. In buffaloes a higher rumen degradability of nitrogen and carbohydrates in
concentrates promotes the growth and the synthesis of rumen bacteria, even when fed
diets with low protein content. It appears that buffaloes use more efficiently nitrogen
coming out from rumen fermentation and metabolism and by recycling it. This efficient
accommodation to more limiting feeding condition is enhanced by a higher availability
of purine derivatives (PD) of metabolic origin. Many measurements done on buffaloes
of  various  breeds  have  shown a  lower  PD nitrogen  excretion  in  urine.  In  buffaloes,
urinary PD excretion is not linked to i) the availability of microbial cells in the rumen
or ii) small intestine uptake of purines. Such PD excretion seems to be related more to
tissue metabolism differences of which the mechanisms are not yet fully understood.
Some explanation is emerging with new studies on swamp buffaloes, summarized in
the following two: i) in the first study, weaning of swamp buffalo and cattle calves was
accomplished  by  colostrum  administration,  and  rearing  followed  by  milk  bottle
feeding. To assess differences in the endogenous secretion of purines, urine samples
from the two species were collected. Solid food was not made available in the course of
the  first  month,  but  access  to  it  was  granted  in  the  course  of  the  intervening  2
successive months in order to stimulate rumen development. Then a mixed ration of
purines and milk was given to the animals, together with an infusion of intravenous
allantoin,  so  that  the  effect  of  the  introduced purines  in  the  plasma could  be  tested.
From the results obtained in the course of the suckling period, no differences between
the  two  species  in  purine  excretion  was  reported.  Following  rumen  development
though, purine excretion from buffaloes was less than half when compared to cattle,
and likewise,  following allantoin  infusion, purine  recovery in  buffaloes was half  the

*  Corresponding author Vo Thi Kim Thanh:  Department of Animal Physiology, Hue University of
Agriculture  and  Forestry,  Vietnam;  Tel:  +84  914  192  906;  Fax:  +84  54  3  524  923;  E-mail:
votkthanh@gmail.com

Giorgio A. Presicce (Ed.)
All rights reserved-© 2017 Bentham Science Publishers

mailto:votkthanh@gmail.com


Protein Digestion and Metabolism The Buffalo (Bubalus bubalis) - Production and Research   181

amount when compared to cattle ; ii) in the second study in the course of fasting and
bottle milk feeding, a determination of urinary PD, basal PD excretion and glomerular
filtrate  (GFR)  rate  was  made.  Following  access  of  the  animals  to  solid  feed,  an
assessment  of  urinary  PD,  basal  PF  excretion  and  glomerular  filtrate  rate  was  also
performed. No significant differences were observed between the two species in the
course of the milk feeding period in terms of urinary PD excretion, although the same
differences  were highly significant  between the two species  at  3  months  of  age and
following 2 months of access to solid feed. In buffaloes, both during the milk feeding
and following solid food access, GFR was found lower in buffaloes when compared to
cattle.  To  date  it  can  be  stated  that  some  studies  report  a  higher  rumen  fluid  NH3

concentrate  in  swamp  buffaloes  in  comparison  to  yellow  cattle.  Other  studies  have
shown that  only following rumen development,  a  difference in PD excretion can be
seen, and the difference between buffaloes and cattle is due to differences in GFR, so
that more urea and PD are recycled, highlighting the fact that buffaloes can tolerate less
N in the feed to satisfy microbial needs.

Keywords:  Buffaloes,  Feeding,  GFR,  Microbial  protein,  Purine  derivative,
Rumen,  Rumen  NH3.

1. INTRODUCTION

Feed  for  ruminants,  forages  and  fibrous  roughages,  consist  mainly  of  β-linked
polysaccharides such as cellulose, which cannot be broken down by mammalian
digestive  enzymes.  Ruminants  have  therefore  evolved  a  special  system  of
digestion that involves microbial fermentation of feed prior to its exposure to their
own digestive enzymes [1]. The rumen microbes can use simple compounds such
as ammonia and urea, and build up their cells from them. In fact, they can use any
compound which will be degraded into ammonia – even urine. Microbial proteins
then provide most of the animal protein need. So in effect, it is not necessary to
feed the ruminant animal any protein at all since the microbes in the rumen can
provide  for  them.  And  almost  all  the  protein  in  feeds  can  be  degraded  by  the
bacteria. A bigger problem arose when it was shown that nearly all protein in the
dung  consisted  of  indigestible  microbial  cells,  whereas  only  very  little  protein
from  the  diet  was  truly  indigestible  protein.  Therefore,  if  microbial  growth
occurred  in  the  hind  gut  of  animals,  the  microbes  were  not  digested  at  all  but
passed out in the dung. This of course meant that the measured digestibility had
very little meaning as far as actual digestibility of feed protein was concerned [2].
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Therefore,  the  most  important  source  of  protein  supply  for  ruminants  is
constituted by microbial population within the rumen. Nucleic acids are abundant
in such microbes, and they possess roughly 18% of the total amount of nitrogen,
whereas  purines  are  characterized  by  a  total  nitrogen  content  of  about  11%.
Rumen microbial population metabolize purines, followed by urine excretion of
their end products such as hypoxanthine, xanthine, allantoin and uric acid. That is
why the research work has been carried out actively for the past 20-30 years into
the  urinary  excretion  of  these  purine  metabolites,  with  an  objective  to  use  the
excretion of these metabolites as a parameter to quantitatively estimate the supply
of rumen microbial protein to the ruminant.

2. BUFFALO FEEDING AND PROTEIN DIGESTION

Feeding

Buffaloes  are  ruminants,  and  ingested  feed,  which  is  essentially  made  of
vegetables  of  various  kind,  is  metabolized  in  the  rumen  by  micro-organisms,
which  efficiently  convert  cellulose  and  other  fibres  into  high  quality  milk  and
meat. Furthermore, it seems that buffaloes are more efficient in using poor quality
feed such as rice straw, crop residue or other by-products. Management practices
in Asia, such as in Vietnam, Thailand, Lao, Cambodia, China, are run through the
adoption of extensive systems in which buffaloes freely graze on natural grasses
and  marginal  lands  (roadside,  canal  banks,  rice  field  following  harvesting  and
dikes), as well as forests, among other conditions.

Rumen Digestion

Although rumen transit of the liquid phase is similar in cattle and buffaloes, the
transit  of  the  solid  fraction  is  significantly  slower  in  buffaloes.  This  difference
though  is  compensated  during  the  post  ruminal  tract  so  that,  if  referred  to  the
overall digestive tract, the feed transit is faster. One must take into account that
rumen  volume  in  buffaloes  is  higher  (about  10%)  than  cattle  at  the  same  live
weight  [3].  The  feed  transit  accounts  for  the  differences  observed  of  rumen
degradability  of  feed fractions.  The protein rumen degradability  of  forages and
concentrates is significantly higher in buffaloes than in cattle [3] and sheep [4].
The higher nitrogen degradability affects the ammonia N content of the rumen,



Protein Digestion and Metabolism The Buffalo (Bubalus bubalis) - Production and Research   183

which  in  buffaloes  is  constantly  higher,  as  it  emerges  from  the  studies  by
Sangwan et  al.  [5],  Kennedy et  al.  [6]  and  Bartocci  et  al.  [3].  In  buffaloes  the
higher  rumen  degradability  of  nitrogen  and  of  carbohydrates  in  concentrates
promotes  the  growth  and  the  synthesis  of  rumen  bacteria,  even  with  diet
characterized by low protein content. As discussed later, this is also influenced by
more recycling of urea to the rumen in buffaloes compared to cattle, and this is
also  in  agreement  with  bacterial  count  which  shows  a  higher  concentration  of
micro-organism in buffaloes fed with concentrate feeds [3]. From these results it
appears  that  buffaloes  use  more  efficiently  nitrogen  coming  out  from  rumen
fermentation  and  metabolism,  and  recycling.  This  efficient  accommodation  to
more  limiting  feeding  condition  is  enhanced  by  a  higher  availability  of  purine
derivatives (allantoin, uric acid, xanthine and hypoxanthine, although in urinary
excretion  in  cattle  and  buffaloes  mainly  allantoin  and  uric  acid  are  present)  of
metabolic  origin.  In  fact  many  measurements  done  in  buffaloes  show  a  lower
purine derivative nitrogen excretion in urine, which corresponds to about 40% of
what ordinarily observed in cattle [7].

Smith and McAllan [8] carried out extensive studies on nucleic acid metabolism
in the gut of ruminants and demonstrated that exogenous source of nucleic acids
were completely broken down in the rumen fluid; and so were the intermediate
degradation products, nucleotides and nucleoside. The indication was that nucleic
acids in the feed would not contribute significantly to the nucleic acid content in
the  rumen,  and  the  nucleic  acids  entering  the  duodenum  of  ruminants  were
essentially of microbial origin. This has provided the basis for using RNA as a
marker  of  microbial  biomass  synthesis  in  the  rumen.  The  small  intestine  is
responsible  for  the  digestion  of  microbial  nucleic  acids  leaving  the  rumen,
whereas the abomasum apparently does not take part in the digestion process. In
the  small  intestine  the  nucleic  acids  are  hydrolysed  by  ribonucleases  and
diesterases to oligonucleotides and then to mononucleotides, nucleosides and free
bases.  Both  forms  can  be  absorbed  from  the  intestine.  The  digestibility  of
microbial  nucleic  acids  is  about  85%  [4  -  11].

Microbial Protein Metabolism in Buffaloes

From 1995 to 2002, following a joint FAO/IAEA project on quote: Development,
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standardization  and  validation  of  nuclear  based  technologies  for  estimating
microbial protein supply in ruminant livestock for improving productivity, it was
reported  that  urinary  excretion  of  PD per  unit  DOMI  is  much  lower  and  more
variable in buffaloes in comparison to cattle. In addition it was reported that there
is no relationship between a lower amount of microbial cells in the rumen or the
absorption  from  the  small  intestine  of  purines,  to  urinary  PD  excretion  in
buffaloes. Differently, there must be differences in tissue metabolism for which
though there is not yet a full comprehension of the precise mechanism behind it.
This  is  the  reason  why,  presently,  it  is  difficult  to  adopt  any  PD  prediction
methodology.

Vercoe  [12]  showed  that  a  positive  correlation  exists,  in  buffaloes  (Bubalus
bubalis),  between allantoin excretion and digestible dry matter intake, although
the excretion was low when compared to cattle. Subsequent studies of Chen et al.
[10], Liang et al.  [13], Soejono et al.  [14] and Thanh et al.  [15], confirmed the
same  observation.  Differently,  the  profile  of  xanthine  oxidase  in  the  intestine,
blood and other tissues was found similar to cattle [10], and therefore it can be
safely expected that a similarity to cattle, in the pattern of PD excretion should be
similar,  i.e.  the  PD  excretion  is  a  linear  function  of  purine  uptake,  and  in  fact
urinary PD only consists of allantoin and uric acid.

Published  data  showed  that  PD  excretion  per  unit  of  digestible  organic  matter
intake  (DOMI)  was  about  3-4  times  lower  in  buffaloes  than  in  cattle  (5  vs  18
mmol/kg DOMI) [10], suggesting that it is possibly the partitioning of plasma PD
occurring between renal excretion and non-renal disposal, to determine a possible
difference.  In  addition,  a  part  of  such  difference  in  buffaloes  can  be  further
explained  by  a  physiological  lower  glomerular  filtration  rate  (GFR).

In a recent study of Liang et al. [13] purine bases were infused into the duodenum
of buffaloes and zebu cattle as a comparison. The relationships between urinary
PD excretion (Y, mmol/d) and purine supply (X, mmol/d) were Y = 0.12X + 0.20
W0.75 for buffaloes and Y = 0.85X + 0.15 W0.75 for zebu cattle. There was a 4 times
difference in the excretion rate. However, the rate of purine absorption from the
small  intestine  was  similar  in  the  two  species.  An  aspect  though,  that  can  be
considered certain and conclusive, is the low urinary excretion per unit of DOMI,
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together  with  the  variable  values  of  PD  excretion.  Urinary  PD  excretion  as  an
index  of  microbial  N  supply  is  less  sensitive  when  applied  to  other  species  of
ruminants,  and  its  application  should  be  carried  out  with  caution.  (Statements
from Joint FAO/IAEA division [11])

So  why  is  the  excretion  of  purine  derivatives  lower  in  buffaloes?  Some
explanation are emerging following some study on swamp buffaloes in Vietnam.

Urinary Excretion of Purine Derivatives: Causes and Differences in Buffaloes
and Cattle

In 2004, a study in Vietnam [16, 17] was carried out in order to understand what
is  the  cause  of  low  urinary  excretion  of  purine  derivatives  in  buffaloes.  Three
experiments were performed prior and following rumen development in cattle and
buffalo  calves.  Then,  after  rumen  development,  additional  purines  were
administered to calves by bottle feeding so that they may either pass directly into
the abomasum, or by intravenous infusion.

In experiment 1 Vietnamese cattle calves with live weight of 16 kg and three male
Vietnamese  swamp  buffalo  calves  with  live  weight  of  28  kg,  were  first  given
colostrum,  reared  by  milk-bottle  feeding,  and  then  weaned.  Solid  feed  was  not
made  available  to  animals  in  the  course  of  the  first  month,  and  possible
differences in the endogenous excretion of purine between the two species was
determined following urine collection.

Subsequently and for 2 months, all animals of the two species had access to equal
amount of solid feed in order to stimulate rumen development, (buffalo and cattle
live  weight  was  on  average  51  kg  and  37,  respectively).  Again,  differences  in
purine excretion was determined following urine collection. The results are shown
in Table 1.

Table 1. Purine derivative (PD) excretion in buffalo and cattle calves before and after access to solid
feed.

Species PD excretion in milk-fed calves(mmol/kgW0.75) PD excretion in solid-fed calves(mmol/kgW0.75)

Buffalo 0.69 0.26

Cattle 0.65NS 0.69**
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Species PD excretion in milk-fed calves(mmol/kgW0.75) PD excretion in solid-fed calves(mmol/kgW0.75)

s.e 0.06 0.07
**P<0.01; NSP>0.05

The results showed that in the first part of experiment, 1 purine excretion was not
significantly  different  between  the  two  species,  but  in  the  second  part  of  the
experiment and following rumen development, purine excretion was significantly
different between the two species.

Conclusively, after the animals had access to solid feed, the excretion of PD from
buffaloes was highly significant and less than half of cattle.

In experiment 2, purines and milk were mixed and given to the same animals in
the  course  of  three  different  treatments  (0,  1.7  and  3.4  g/day).  During  the
experiment,  the average live weight of cattle and buffalo calves was 52 and 64
Kg,  respectively.  In  this  study  the  oesophageal  groove  was  instrumental  to
determine  recovery  of  PD  given  with  milk  to  the  small  intestine.

The results are presented in Table 2. The regression of purine excretion mmol/day
(y)  was  y  =  0.6279x  +  9.1496  for  cattle  calves  and  y  =  0.2618x  +  5.8594  for
buffalo calves where ‘x’ was the purine administered. It is evident that in cattle a
higher PD daily excretion, up to two to three times, was reported in cattle when
compared  to  buffalo  calves,  and  values  remained  relatively  constant
independently from the amount of added purine. In cattle calves, the calculated
recovery of PD mixed to the milk was also from two to three times higher, when
compared  to  buffalo  calves.  Moreover  the  percentage  PD  recoveries  remained
almost the same independently from the amount of purine added to milk both in
cattle and buffalo calves.

Table 2. The daily urinary excretion of purine derivatives (PD) and of purine supplied via nursed milk
(mmol/day).

†Level PD(mmol/day) Buffaloes Cattle s.e

L0 Excretion 5.98 9.23* 1.49

L1 Excretion 8.44 15.76** 0.87

L1 Recovery 0.2292 0.6072** 0.085

(Table 1) contd.....
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†Level PD(mmol/day) Buffaloes Cattle s.e

L2 Excretion 11.61 22.44** 2.14

L2 Recovery 0.2618 0.6279** 0.0552
† L0 = control: only fresh milk and urea treated rice straw (0.70) mixed with 0.30 molasses given at 50 g dry
matter per kg M0.75 (L0); L1 = as L0 but milk mixed with 10.8 mmol/day of purines and fed via the bottle; L2
= as L1 but milk mixed with 21.5 mmol/day of purines. *P<0.05;**P<0.01; ***P<0.001

In experiment 3, in order to test the effect of purines introduced into the plasma,
an allantoin intravenous infusion was administered to the same animals. Within
the course of experiment 3, the average live weight of cattle and buffalo calves
was  55  and  68  (s.e.  1.8)  kg,  respectively.  In  Table  3  are  reported  the  results
following  allantoin  infusion  and  recovery.  Once  again,  it  can  be  seen  that  a
significant difference between calves of the two species was recorded, recovery
being more two times higher in cattle. Regression analysis was also used, and a
linear  relationship  between  infusion  and  excretion  was  observed.  In  cattle,  the
allantoin excretion in mmol/day was y = 0.7177x + 8.438 (r = 0.98), whereas in
buffalo  allantoin  exertion  was  y  =  0.3758x  +  4.861  (r  =  0.82)  where  ‘x’  was
allantoin infused in mmol/day. The recovery was two times higher in cattle than
buffalo calves.

Table 3. Allantoin infused and excreted during control (L0), level 1 (L1) and level 2 (L2).

†Level Allantoin (mmol/day) Buffaloes Cattle s.e

L0 Infusion 0 0

L0 Excretion 4.68 8.59* 0.94

L1 Infusion 18.0 15.0

L1 Excretion 10.39 18.98** 1.29

L1 Recovery 0.3155 0.6955** 0.0402

L2 Infusion 36.0 30.0

L2 Excretion 16.43 30.05** 2.36

L2 Recovery 0.3236 0.7199** 0.056
† L0 = control: only fresh milk and urea treated rice straw (0.70) mixed with 0.30 molasses given at 50 g dry
matter per kg W0.75 (L0); L1 = as L0 but milk mixed with 10.8 mmol/day of purines and fed via the bottle; L2
= as L1 but milk mixed with 21.5 mmol/day of purines. *P<0.05;**P<0.01

Previous results showing significant differences between the two species [13 - 15,
18], between cattle and buffaloes, are evident only following rumen development,

(Table 2) contd.....
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as  clearly  illustrated  in  experiment  1.  Such  results  on  recovery  rate  following
rumen development in the two species are also similar to other reports, without
any  difference  detected  on  the  methodology  of  PD  administration  used,  either
through the milk into the abomasum or through intravenous infusion, Liang et al.
[13]  though,  found  even  larger  differences  between  cattle  and  buffaloes  with
intravenous infusion, with a higher recovery more than twice when compared to
buffaloes.

On the contrary, Liang et al. [13] reported a significantly higher recovery in cattle
when  compared  to  cattle,  when  the  intravenous  infusion  was  used  as  the
administration  route  of  choice.

Additional reports by Liang et al. [18], have also shown that, when PD excretion
is  used  as  a  measure  of  endogenous  excretion,  this  is  higher  in  cattle  when
compared to buffaloes, following fasting. From the above results, it can be stated
that fasting excretion cannot be reliably used to determine endogenous excretion
in  ruminants  in  general,  due  to  the  fact  that  the  rumen  is  always  functioning.
Although it is not possible to run a statistical test between the period of feeding
PD by either intravenous infusion or milk substitutes, there is a tendency for the
slope to be greater than 0.72 and 0.63 for cattle and 0.32 and 0.23 for buffaloes in
the period of infusion and milk feeding, respectively. If such effects are real, it is
possible that this may be due to some spillage of milk for the excitement of calves
when suckling, than to an inefficient closure of the oesophageal groove when the
milk  enters  the  rumen [19].  It  is  interesting  to  pose  the  question  as  to  why the
detected  differences  between  the  two  species  occur  only  following  rumen
development. One possible speculation has to do with the detected difference in
glomerular filtration rate (GFR), and in fact, if the latter is physiologically lower
in buffaloes, then PD would be found for longer time in the blood and would be
exposed  to  transfer  into  the  rumen  for  longer  time.  Nevertheless,  Pimpa  et  al.
[20], have reported a higher GFR in buffaloes when compared to cattle, and, on
the  contrary,  Norton  et  al.  [21],  found  it  lower  in  the  buffalo  species.  Such
discrepancy  could  be  related  also  to  some  difference  in  permeability  between
rumen  and  the  blood,  although,  to  fully  comprehend  the  exact  mechanisms
involved, more studies need to be carried out. The available results in our hands
so  far  have  clearly  established  that  the  differences  detected  are  caused  by  the
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development of rumen.

The Physiological Mechanism of Low Purine Derivative Excretion in Urine of
Buffaloes

In  2007,  a  new study  was  performed  in  Vietnam [22],  using  again  three  cattle
calves  (Bos  indicus)  and  three  buffalo  calves  (Bubalus  bubalis).  As  previously
described, weaning was done following colostrum feeding and rearing by milk-
bottle feeding, and similarly to a previous study, animals did not have access to
solid feed for the first month of the experiment. A determination of urinary purine
derivative (PD) concentration, basal PD excretion and glomerular filtration rate
(GFR)  during  fasting  and feeding,  was  made.  At  the  end of  the  first  month,  in
order to stimulate rumen development, animals had access to solid feed (80% of
urea-treated rice straw and 20% of molasses). At three months of age, when solid
feed were made available, urinary PD, basal PD excretion and GFR were again
determined.

Experiment 1: determination of basal urinary purine excretion

The results in Table 4  show that in the course of fasting as well as during milk
feeding,  no  significant  differences  were  reported  between  the  two species  with
regard to PD excretion (P>0.05).

Table 4. Urinary purine derivative (PD) excretion (mmol/day) in milk-fed calves and in fasting calves
during the milk feeding period.

Buffalo Cattle s.e.

Milk-fed calves

Excretion (mmol/day)

PD excretion (mmol/W0.75) 0.42 0.45NS 0.02

Live weight (kg) 27 17 4.4

Fasting calves

Excretion (mmol/day)

PD excretion (mmol/W0.75) 0.53 0.47 NS 0.03

Live weight (kg) 35 24 3.9
NS: P>0.05
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Experiment 2: determination of urinary purine excretion from calves with access
to solid feed

Purine Excretion After 2 Months’ Access to Solid Feed

Following 2 months of rumen development in calves, granted by access to solid
feed (urea-treated rice straw and molasses), a significantly lower (P<0.01) urinary
PD  excretion  (mmol/kg  W0.75)  was  reported  in  buffaloes  when  compared  to
cattle  (Table  5).  The mean daily  consumption of  feed (g DM/day)  was 609 for
cattle and 825 for buffalo calves.

Table 5. Urinary purine derivative (PD) excretion in buffaloes and cattle calves in feeding and fasting
periods after receiving solid feed at 3 months of age.

Buffaloes Cattle s.e

Solid feed-fed calves

PD excretion (mmol/W0.75) 0.21 0.49*** 0.03

Live weight (kg) 42 31 5.18

Fasting calves

PD excretion (mmol/W0.75) 0.23 0.56** 0.07

Live weight (kg) 39 22 1.6
**P<0.01; ***P<0.001

Purine Excretion From Fasting Solid Feed-Fed Calves

The  results  from  Table  5  show  that  urinary  PD  excretion  was  significantly
different (P < 0.05) between the types of animal. Fasting mature buffaloes were
found  by  Liang  et  al.  [18],  to  have  a  lower  endogenous  PD  excretion,  when
compared to cattle, and this difference is clearly linked to the development of the
rumen.

Comparison of Feeding and Fasting PD Excretion from Cattle and Buffaloes
in Milk-Fed and Solid Feed-Fed Periods

Reported differences between fasting and feeding were small,  although slightly
higher during fasting. The possible reason behind it may be related to the fact that
during fasting, animals are both protein and glucose deficient, as already reported
by Orskov [2]. Glucose is derived from the protein turnover pathway, resulting in
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a much higher N excretion when compared to basal excretion, and this mechanism
will  have  the  effect  of  increasing  purine  excretion.  From  the  above  it  can  be
derived  that  purine  excretion  following  fasting  cannot  be  used  to  determine
endogenous  purine  excretion,  in  consideration  of  the  true  increased  excretion.
Furthermore, the reported differences between the two species may also be related
to  the  recycling  of  endogenous  purines  in  the  rumen  in  the  course  of  fasting
(Table  5  and  Fig.  1).

The differences between buffalo and cattle calves are best illustrated in Fig. (1).

Fig. (1). Comparison of feeding and fasting PD excretion from cattle and buffaloes.

Glomerular Filtration Rate

In order to estimate the GFR [11], a determination of both daily urine creatinine
output  and  creatinine  concentration  in  plasma  are  required,  although,  as
mentioned in the same report, insulin values may give a more accurate estimate of
GFR.  Creatine  and  creatinine  phosphate  in  muscles  are  necessary  to  produce
creatinine, which is then excreted via the urine. Therefore, the muscle mass is a
determining factor and strongly correlated to creatinine excretion.  Creatinine is
filtered   from   the   blood  by  renal  glomerulus  and  is  not  affected  by  either
absorption  or  excretion  in  the  renal  tubule,  and  its  daily  excretion  is  relatively
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constant  when  the  latter  is  expressed  as  mmol  per  kg  W0,75.  In  the  following
animal species: sheep, cattle, cats and dogs, creatinine is not reabsorbed from or
secreted into the renal tubule from the primary urine. Therefore in those animals,
creatinine  can  be  used  as  an  endogenous  internal  marker  for  determination  of
GFR. Concentration of creatinine was assessed from blood and urine samples of
calves of both species, in the course of milk-feeding and solid-feeding treatment.
In  Table  6,  it  can  be  clearly  seen  that  buffalo  GFR,  both  prior  and  following
rumen development, was significantly lower (P<0.01) when compared to cattle,
and this could be ascribed to differences in the GFR itself [7, 16, 17]. The present
study clearly demonstrates a lower GFR in buffaloes compared with cattle.

Table 6. GFR of buffalo and cattle calves before and after rumen development.

Buffalo Cattle s.e.

Before rumen development (l/KgW0.75/day) 2.3 3.2** 0.1

After rumen development (l/KgW0.75/day) 1.6 2.1*** 0.1
**P<0.01; ***P<0.001

Rumen Ammonia

More recently, rumen fluid NH3 in swamp buffaloes yellow cattle was compared.
The experiment was carried on farm with buffaloes and yellow cattle from 2 to 9
years of age, and a body weight from 150 kg to 350 kg. Rumen fluid was obtained
by  stomach  tubes.  The  results  in  Table  7  show a  significant  difference  in  NH3

value between types of animal.

Table 7. Rumen fluid NH3 value in buffaloes and cattle.

Buffaloes (n=43) Cattle (n=43) s.e

127.01 75.73*** 5.932
***P<0.001. (Vo Thi Kim Thanh. 2009. Unpublished)

CONCLUSION

In both species and prior to the development of the rumen, urine PD excretion was
similar during milk-feeding and also in the course of fasting diet, although such
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PD excretion in buffaloes was reduced to one-third following rumen development.
Therefore, it can be safely speculated that PD metabolism in the two species may
be  affected  by  and  related  to  rumen  development.  In  addition,  the  same  study
clearly gives indication that in buffaloes GFR is lower when compared to cattle,
irrespective  of  rumen  functionality,  and  this  is  in  agreement  with  the  data
previously described and provided by studies of Norton et al. [21] and Chen et al.
[10].

Furthermore, from the evidence presented, it can be said that basal PD excretion is
similar between the two species during milk feeding, and no explanation can be
derived for  a  lower  PD excretion following rumen development.  An inherently
lower GFR in buffaloes may accounts for a longer time of PD in the blood flow,
and following the activation of rumen functionality and the PD passage from the
blood  to  the  rumen,  where  PD degradation  occurs,  may  help  in  explaining  the
reported  lower  PD  excretion  in  buffalo  urine.  No  evidence  is  provided  if  the
permeability  of  transfer  from  blood  to  rumen,  can  be  considered  an  additional
factor.  Definitely,  any  difference  in  PD  excretion  in  the  two  species  can  be
reported  only  following  rumen  development.

The differences in PD excretion reported in the two species are possibly caused by
differences in GFR, with the net result  of a longer stay of PD in the blood and
consequently a greater possibility to be recycled into the rumen. Therefore, more
urea  will  be  recycled  with  the  result  of  higher  rumen  ammonia  concentration,
confirming  the  aspect  that  buffaloes  can  tolerate  less  N  in  the  feed  to  sustain
microbial need.
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CHAPTER 8

Influence of Seasonality on Buffalo Production
Luigi Zicarelli*

Dipartimento di Medicina Veterinaria e Produzioni Animali - Università "Federico II" – Napoli,
Via Delpino, 1 - 80137 Napoli, Italy

Abstract: This review aims at elucidating some of the factors that affect seasonality in
the buffalo species, together with the possibility to enhance reproductive performance
in buffaloes through the adoption of newly developed technologies. It is known that
reproduction  in  buffaloes  is  influenced  by  the  season,  and  an  improvement  in
reproductive performances is reported in the period of the year when the length of the
day decreases. If conception is not established in buffaloes in the course of few ovarian
cycle,  ovarian  function  is  interrupted  and  a  period  of  ovarian  quiescence  (anestrus)
begins.  The  transitional  period  in  the  buffalo  is  an  important  one  for  reproductive
functions, and throughout this period a proper management of the animals has to be
taken into consideration, especially in order to properly maintain the hygienic status of
the  uterus.  Buffaloes  reared  in  tropical  countries  north  of  the  equator  may  be
characterized by a reduced fertility in the summer when hit mainly by restricted feeding
and heat stress. In some countries like Pakistan, the breeding season starts in a period
of the year characterized by decreasing daylight (autumn), together with an increase in
body condition score. Differently, despite a constant feed availability in the course of
the year and a moderate daily temperature ranging from 13 to 23 °C, anestrus can be
witnessed also in Italy. These two countries are similarly characterized by an increase
in  daylight  from  April  to  June  and  reaching  more  than  12  hours  of  light  hours  at
summer  peak.  In  order  to  improve  fertility  in  Italian  buffalo  herds,  an  increasing
number of farms adopt the Out of Breeding Mating Strategy (OBMS) together with the
availability of water pools. This is a clear evidence that reproductive performance as a
whole  can  be  improved,  together  with  a  reduction  in  the  incidence  of  embryonic
mortality and ovarian inactivity, when environmental conditions are also improved.
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1. INTRODUCTION

The official  FAO data  refers  that  buffaloes  are  present  in  43  countries  and  are
hence bred in 20% (43 vs.  212) of the countries in which cattle is bred. On the
contrary, countries that currently breed buffaloes are 129 [1] and hence it is likely
that this species is bred in 61% of the countries around the world (129/212). Cattle
world  population  (Faostat.fao.org/faostat)  moved  steadily  from 942  millions  in
1961  to  1.494  billions  (+  59%)  in  2013,  and  within  the  same  time  interval,
buffaloes increased from 89 millions to 199 billions (+ 125%). Between 1990 and
2013, the percentual increment in those countries where the two species are bred,
has always been higher for the buffalo species (Table 1). It has to be emphasized
though,  that  most  of  the  countries  where  the  two species  are  bred,  are  in  Asia,
where the human population has considerably increased, and such aspect justifies
the increment.

Table 1. Buffalo and cattle population trend (%) between 1961 and 2013.

Cattle Buffalo

World 2013 1961 2013 1961

buffalo and cattle population trend (%) between 1961 and 2013 (x 106) 1494 (59) 942 199
(125)

89

buffalo and cattle population trend (%) between 1990 and 2013 (x 106) 1494 (15) 1297 199
(35)

148

countries where two species are bred 2013 1961 2013 1961

buffalo and cattle population trend (%) between 1961 and 2013 (x 106) 705
(87)

378 199 (127) * 88

buffalo and cattle population trend (%) between 1990 and 2013 (x 106) 705
(29)

547 199
(35*)

148

*This increase is mainly due to the increase of River buffalo (50 n; milk production), while the Swamp (48 n;
draught animal power), decreased by 27% [2].

The  buffalo  represents  a  fundamental  and  irreplaceable  resource  for  tropical
countries.  The  increase  in  the  number  of  buffalo  heads  is  mainly  due  to  the
increase of River buffaloes (50 n), utilized for milk and meat production, while
the Swamp buffaloes (48 n), mainly used as draught animal power, has decreased
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by  26.69% [2],  especially  in  South-Eastern  Asia.  The  Swamp buffalo  in  many
countries is crossbred with the river type, due to an increase in milk demand. In
fact, it is true that the dairy cow is not always able to totally exploit its genetic
merit for many months in the tropical areas, due to the high temperatures and high
humidity rate. On the contrary, under the same conditions, the River buffalo can
still  support  an  optimal  production,  although,  it  retains  a  sensitivity  to  such
environmental conditions. In fact, if nutritive requirements are satisfied, buffaloes
are characterized by similar milk productions in both tropical and temperate areas.
In the last years, world’s buffalo milk percentage has increased from 5 to 14.8%,
but  such  values  can  bounce  from 8.3  to  21.6%,  when  we consider  that  buffalo
milk is 58% higher in energy than its cattle counterpart.

In Southern Asia, where 78% of the world’s buffalo population is bred, in cattle,
and compared to the year 1961, a higher milk increase has been observed (+ 657%
vs. + 581%). This phenomenon can be explained by the use of imported superior
genetic gametes and embryos from industrialized countries in order to obtain an
improvement  in  animal  production.  However,  the  increase  in  milk  production
alone is not sufficient to justify the decision to increase the number of an animal
species,  or  to  consider  it  more  economically  viable  and efficient.  Other  factors
have  to  be  considered,  such  as:  lower  susceptibility  to  diseases,  higher
adaptability  to  the  tropical  environment,  higher  herd  life,  and  hence,  a  lower
culling  rate.  These  conditions  will  favour  an  increase  in  the  number  of  heads
within the herd also for beef production, matching perfectly production and forage
availability.  In  fact,  in  South  Asia,  lactation  in  buffaloes  coincides  with  an
abundance of forage availability, while the dry period will match the quiescence
of the vegetative cycle. These are fundamental aspects that reduce the advantage
in  cattle  linked  to  their  higher  production  performance.  In  particular,  and  with
regard to ordinary culling rate between the two species, if we consider a breeding
farm of 100 females in production, it is necessary to breed around 90 (26% culling
rate)  and  42  (12%  culling  rate)  heads  (adult  animals),  in  cattle  and  buffalo,
respectively.  Consequently,  the  same number  of  cattle  heads  will  need  a  much
larger land when compared to buffaloes, and in those countries where farms are
characterized by low size, this difference is economically important.

In India in 1991, buffalo milk consumption was 55% of the total milk produced in
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the country. In a conference held in Egypt, Krostitz [3] reported that in 1991, the
“Technology  Mission  on  Dairy  Development”,  predicted  that  before  the  third
millennium,  this  consumption  would  have  decreased  to  45%  because  of  the
replacement with cattle milk. Currently 51.1%, 45.4% and 3.5% of consumption
is  given  by  buffalo,  bovine  and  goat  milk,  respectively.  Not  always  the  right
importance is given to factors that allow any farmer to choose the animal species
to  breed,  while  the  consumer  would  prefer  by  tradition  and  personal  taste  the
buffalo milk which is more pleasing because intrinsically sweeter. If we put aside
Nepal (+1.2%) and India (-3%), where milk consumption has not decreased in the
last 50 years, a clear deflection has been reported in Egypt (-12.7%) and Pakistan
(-8%) (Table 2). In these last two countries, it is possible that such decrease has
been caused by the urbanization that notoriously pushes away the consumer from
traditional food. In addition, a further element that contributes to the decrease in
buffalo  milk  consumption,  is  its  seasonal  availability,  as  a  consequence  of  the
reproductive characteristics of this species.

Table 2. Buffalo milk consumption in India, Nepal, Egypt and Pakistan.

Consumption (%) of buffalo milk between 1961 and 2014 in India, Nepal, Egypt and Pakistan

India Nepal Egypt Pakistan

Kg calories kg calories kg calories kg calories

1961 55,9 66,7 67,5 76,6 66,1 75,5 71,4 79,3

1970 56,7 67,4 69,6 78,3 63,7 73,5 71,3 79,2

1980 56,7 67,4 72,5 80.6 65,8 75,2 74,5 82,2

1990 56,6 67,4 70,2 78,9 56,2 67,0 75,2 82,7

2000 56,8 67,5 69,2 78,0 55,3 66,2 67,8 76,9

2010 53,2 64,2 71,3 79,7 47,0 58,3 64,2 73,9

2014 52,9 64,0 68,7 77,6 53,4 64,4 63,4 73,3

In countries with temperate/continental climate such as Europe, where the cattle is
able  to  express  its  genetic  production  potential,  we observe  that  the  number  of
buffaloes  and  cattle  has  decreased  by  46%  and  37%,  respectively,  while  the
amount of buffalo milk has increased by 117% and cattle milk by 14%. On the
same line, in 1961 the percentage of Italian buffalo milk in Europe was 14.9%,
and in 2014 was 95.6%.
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In  tropical  areas  south  of  the  Equator,  where  buffaloes  usually  calve  between
February  and  March  and  weaning  occurs  between  September  to  October,  this
seasonality  does  not  adversely  affect  the  growth  of  calves  thanks  to  forage
availability  in  November,  following  beginning  of  the  rainy  season.

Differently,  the  zebu  gives  birth  between  September  and  October  and  weaning
occurs in winter between April and May, a period characterized by a shortage of
forage availability, which is responsible of post weaning stress, and growth is also
penalized. This difference explains why the buffalo reaches a marketing weight
roughly  one year  before  the  Zebu.  South  of  the  Equator,  where  most  buffaloes
calve within 3 to 4 months, the milk is unsuitable for processing into mozzarella
cheese due to a low protein content and high titratable acidity.

In Italy and under Italian law, where buffalo milk is mainly used for mozzarella
cheese production, only fresh milk can be used for processing (within 60 h from
the milking) and cheese production. These aspects are of paramount importance in
order to better  understand buffalo management as connected to seasonality and
buffalo production.

In  Asian countries,  buffalo  milk  is  used for  both drinking purposes  and cheese
production:  generally  buffalo  milk  production  throughout  the  year  is  inversely
correlated to cattle milk.

Hassan  et  al.  [4]  in  Pakistan  reported  a  different  seasonality  among  Nili-Ravi
Buffaloes (9,174 lactations), purebred Sahiwal (22,499 lactations) and cross-bred
cattle (656 lactations). In this study, the difference between Nili-Ravi Buffaloes
(characterized by negative photoperiod) and purebred Sahiwal (characterized by
positive  photoperiod)  has  been  highlighted.  Data  similar  to  those  recorded  in
buffaloes  have  been  observed  in  cross-bred  cattle  (Holstein  or  Jersey  x  native
bred).  This  finding  suggests  that  crossbreeding  with  European  Bos  taurus  may
modify  the  seasonality  of  native  cattle  (Sahiwal),  as  evidenced  by  a  higher
incidence of deliveries during the first 5 months of the year and, hence, highest
rate of conception during the hottest months (April-August). An increase of such
cross-bred cattle would lead as a consequence to a higher storage of dehydrated,
frozen or concentrated milk, and the availability of lower amount of fresh buffalo
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and cattle milk.

Fig. (1). Monthly calving percentage for Italy, India, Venezuela, and Pakistan.

In Europe, buffalo milk is mainly used for cheese and yogurt production, in order
to increase its value. In Italy, buffalo milk is remunerated more than three times in
comparison  to  cattle.  In  other  European  countries  buffalo  milk  is  remunerated
around two times when compared to cattle milk, and this difference may explain
the  increase  of  buffalo  heads  in  the  South  of  Italy  and  the  decrease  in  other
European  countries.  In  Latin  America,  the  buffalo  shows  high  fertility  and  is
mainly used for meat production, although in the last years several farms utilize
milk for the production of “caso blanco” and other cheeses.

In all the countries where the buffalo is bred, an ovarian cyclic activity is reported
throughout  the  year,  although it  is  accentuated  during  periods  characterized  by
decreasing  daylight  length:  from August  to  February  (in  January  and  February
daylight length increases but the number of dayligth hours is less than 12 h) and
from April to July at the North and the South of the Equator, respectively. This
tendency  to  seasonality  is  emphasized  proportionally  to  the  distance  from  the
Equator  [5].  Around  the  equatorial  belt,  where  light/dark  ratio  varies  little
throughout  the  year,  the  reproductive  season  is  highly  conditioned  by  forage
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availability  instead  [6,  7].

Therefore, it can be affirmed [8, 9] that reproductive seasonality is responsible for
a lactation to be linked to forage abundance, whereas the dry period is linked to
the quiescence of the vegetative cycle of crops and spontaneous plants in tropical
areas at north of the Equator, whereas the contrary occurs in zebu. Differently, in
tropical  areas  south  of  the  Equator,  forage  abundance  coincides  with  the  dry
period and the first part of lactation. It follows that usually, buffaloes calve being
thin  and  in  good  nutrition  conditions,  in  tropical  areas  north  and  south  of  the
Equator, respectively.

The majority of the authors believe that the main reproductive characteristics of
buffaloes  are  delayed  puberty,  prolonged  postpartum  ovarian  inactivity,  long
inter-calving  intervals  and  a  tendency  toward  seasonality  [10  -  12].  The
reproductive problems though are different depending on the region of the world.
In tropical countries north of the equator (TCNE), for example, the majority of the
authors assert that summer anestrus is caused by heat stress and forage scarcity. In
Italy, however, anestrus is observed in the same period of the year as TCNE, as
demonstrated by the calving distribution shown in (Fig. 1),  although feeding in
Italy  is  constant  throughout  the  year  and  the  environmental  temperatures  are
milder.

The  aim  of  this  review  is  to  examine  the  main  factors  affecting  fertility  in
buffaloes  and  the  strategies  that  may  be  adopted  to  enhance  the  reproductive
performance  of  this  species.

2. OPTIMIZATION OF THE AGE AT FIRST CALVING

Most authors believe that delayed puberty is one of the reproductive features of
the buffalo. This is not a characteristic of the species, but rather the consequence
of  some  mistakes  occurring  in  the  course  of  food  selection  and  rationing.  It  is
known that buffalo milk is richer than cattle, and that the buffalo shows a weight
gain lower than cattle but higher than zebu. Whenever the buffalo is used for milk
production,  calf  weaning  is  performed  by  different  techniques  (wet-nurse  cow,
milk  replacer)  or  by  utilizing  low  quantity  of  buffalo  milk,  sufficient  to  the
survival  of  the  calf,  but  insufficient  for  guaranteeing  an  optimal  growing  [13].
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In countries where the buffalo is used for meat production (South America), the
natural weaning occurs usually at 7-8 months of age. In this case, the age at first
calving  is  earlier  than  30  months,  similar  to  what  recorded  in  Bos  taurus  but
earlier  than  Bos  indicus.  When  milk  replacer  is  utilized,  like  in  Italy,  calves
usually  weigh  90  kg  at  100  days  of  age.  Following  weaning,  it  is  necessary  to
adopt diets characterized by high energy density,  ensuring rumen functionality.
On the contrary, natural weaning performed at 7-8 months of age guarantees that
pasture feeding will substitute progressively maternal milk. The energy density of
the  mixed dry matter  (milk  and pasture)  from 3 to  7  months  is  higher  than the
same  energy  obtained  with  hay  and  concentrate.  A  higher  energetic  density  is
required in buffaloes to obtain performances significantly lower than cattle when
“artificial” feeding replaces milking and natural weaning.

Furthermore, it is worth considering that the achievement of a body status typical
of a particular age requires a certain amount of body lipids that, in animals with
delayed growth, have not been accumulated, implying therefore a higher value of
feed conversion index. This explains why buffalo meat is characterized by a lower
fat content than beef cattle.

These  aspects  justify  the  need  to  use  diets  characterized  by  higher  energy
compared to cattle, in order to anticipate the age at first calving in buffalo [14]. It
cannot be ruled out  that  the compensatory growth in the buffalo species is  less
efficient than cattle.  With a rationing characterized by an energy density of 0.8
MUF (MUF = Milk unit forages = 1700 kcal NEl) and 12.5-13% protein content
on  dry  matter,  together  with  forage/concentrate  ratio  of  50-60%,  age  at  first
calving  can  be  targeted  at  around  28-32  months  [15].

Fertility of Primiparous Buffaloes

It  is  likely  that  the  post  partum  reproductive  inactivity  occurs  more  easily  in
primiparous animals. These animals can usually restore their ability to cycle again
by adopting the  usual  hormonal  treatments  if  a  correct  rationing is  carried  out,
whereas  such treatments  are  usually  inadequate  if  the rationing is  not  correctly
performed. The fertility of primiparous animals is usually higher than multiparous
animals, at least in Italy, where in the course of the lactation period the rationing
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is characterized by 0.9 MFU/kg DM, and the effect of feed rationing until the first
calving is such as to reduce the food requirement necessary to growth during the
first  lactation.  Usually,  a  young  herd  is  more  fertile  than  one  characterized  by
more than 3.5 lactations. If primiparous animals have a mean production of 2300
kg  of  milk  (13,76  kg/d  FCM),  a  rationing  characterized  by  0.9  MFU/kg  DM
allows to obtain a 50-70 kg live weight increase at the end of the lactation. This is
possible because, differently from dairy cattle, the ingestion is often higher than
what reported in multiparous animals with similar production that do not require a
nutrients surplus to complete growth. Especially if the roughage/concentrate ratio
of  the  ration  is  optimal,  primiparous  animals  can  ingest  an  average  of  15.6  kg
DM/d, covering the requirements necessary to face a milk production of 2300 kg,
the recovery of weight and the weight gain necessary to complete the growth. In
conclusion if primiparous animals are characterized by the lowest fertility within
the herd, it may be assumed that the diet has been inadequate during lactation or
the growth and the first gestation.

In a recent trial carried out on 390 primiparous animals, we have found that the
dry  matter  intake  (DM),  the  percentage  of  DM/kg  L.W.  and  DM/equivalent
corrected  milk  (ECM)  is  related  to  the  days  in  milk  (DIM)  and  the  milk
production.  In  fact,  it  increases  from  delivery  until  121-150  DIM  and  then
diminishes,  while  the  production  of  ECM  decreases  after  61  -  90  days.  It  is
possible to distinguish, likewise cattle, a “catabolic” phase (until 55 days) and an
“anabolic” phase. Throughout the “catabolic” phase, the energy intake is less than
the requirement and the cow utilizes the body reserves for production. During the
“anabolic” phase the opposite occurs: the body reserves are reconstituted and the
body weight increases [16].

It  has  to  be  underlined  that  the  diet  is  characterized  by  0.9,  15.7%,  38.5% and
50.0% of MFU/kg D.M., Crude Protein, N.D.F. and roughages/concentrate ratio,
respectively. The above diet causes an energy deficiency until 55 DIM, but allows
to recover body weight at 85 days DIM and to reach the adult weight at end of
lactation.

In the trials carried out by Campanile et al. [17], it was observed that the intake of
DM was conditioned negatively by the content in the cellular walls and positively
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by milk production, and dry matter intake per kg of ECM (kcal = 740) amounts to
275  g  in  addition  to  what  required  for  maintenance  (91  g  per  kg  of  metabolic
weight).

Reproductive Seasonality

The place of origin and the duration of gestation have undoubtedly influenced the
way in which reproductive seasonality occurs. The seasonality is the response to a
process  of  “adaptation”  between  the  animal  and  the  surrounding  environment:
such adaptation is in fact responsible for matching birth and weaning with the best
time of the year when the weather is more favourable and it is easier to access the
nutritional needs for the calves, in addition to witness less aggressive or present
infectious agents and parasites [5]. Those calves born under the most favourable
conditions  are  linked  to  adult  animals  naturally  selected,  because  they  are
endowed with an ideal reproductive seasonality that promotes the survival of the
species [8]. Spring calving (March to May), which guarantees good availability of
forage to offspring in the temperate zones in the north of the equator, occurs when
reproduction takes place in autumn (September to November) in the case of a five
month gestation (sheep and goats), or in the previous spring in the case of 11 and
12 month gestation (horses and donkeys). The same calving period, therefore, is
conditioned by the neuroendocrine system. The reactivation of the reproductive
cycle  with  regard  to  the  length  of  gestation  (short  day  breeder  -  negative
photoperiod - or long day breeder - positive photoperiod -) is therefore controlled.

In  the tropical  areas where  the domestic  buffalo is present (between 31° N and
2° S), the availability of forage is usually sufficient after the rainy season (July to
September).  In the same species characterized by a pregnancy length of 310 to
316 days, the sensitivity to the decreasing light stimulus and the breeding season
occurs between September and January-February.

Around the equatorial belt, where the light/dark ratio varies little throughout the
year,  the reproductive season is highly conditioned by forage availability [6,  7,
18].  There  is  a  tendency  towards  seasonality  in  buffaloes  because  this  species
evolved far  away from the  equator.  Moving the  buffalo  to  other  regions  of  the
world  has  not  modified  the  hypothalamic  hypophyseal  axis  sensitivity  to  a
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decreasing  light/dark  ratio.

In Italy, the seasonality makes it necessary to change the calving calendar in order
to  meet  the  milk  market  demand.  This  is  accomplished  by  using  an  out-of-
breeding-mating-strategy (OBMS) that entails the interruption of natural mating
or  the  use  of  artificial  insemination  (AI)  between  October  and  late  January  in
adult  females  and  between  September  and  late  March  in  heifers.  The  above
months  are  the  most-favourable  periods  for  reproductive  activity  [5,  8,  9].

In studies carried out in Italy [19], it has been demonstrated that buffaloes with a
tendency towards seasonality show a high plasma melatonin concentrations two
hours after sunset even when they are moved to another farm where other females
show  low  plasma  melatonin  concentrations  and  less  sensitivity  towards  light
stimulation  [20].  In  another  previous  study,  it  was  reported  that  buffaloes  who
tend to conceive in autumn (months when daylight hours are decreasing), have a
greater increase in plasma melatonin 2 hours from sunset than those who conceive
when the hours of  daily light  increase (late  winter  – spring).  Plasma melatonin
concentrations  showed  a  repeatability  of  0.733  [21].  If  the  heredity  of  plasma
melatonin turns out to be high, as we expect on the basis of high repeatability, the
plasma melatonin level could be included into genetic selection programmes for
buffalo  [5].  In  an  effort  to  validate  this  idea,  we reported  that  Romanov 58°N,
Karakul  41°N  and  White-faced  51°N  sheep  [22]  showed  continuous  cyclic
activity throughout the year even if living at latitudes where other genotypes were
sensitive to the light/dark ratio. On the contrary, the Soay sheep has only 1 or 2
estrous cycles limited to 1 or 2 autumn months.

Between  heifers  and  adult  buffalo  cows,  the  difference  between  night  and  day
concentrations of plasma melatonin was less in heifers (5.0 times) compared to
adult buffaloes (28.3 times) in March [23]. Both buffaloes [21] - more adaptable
to  out-of-breeding-mating-strategy  -  and  heifers  [5,  23]  -  less  sensitive  to  the
photoperiod - that calve in spring, show the same behavioural pattern.

Heifer fertility is not compromised by the season [5, 24 - 28]. During summer and
when daylight hours are higher than dark hours, there is an increase in the blood
prolactin  but,  contrary  to  assertions  by  Madan  [10],  the  buffalo  conceives
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regularly.  We  believe  that  hyperprolactinemia  is  a  consequence  of  the
hypothyroidism  [29]  during  the  warm  months.  The  hypothyroidism  exerts  a
positive  feedback  on  thyroid  stimulating  hormone  and  hence  on  thyrotropin
releasing  hormone.  Thyrotropin  releasing  hormone  promotes  an  increase  in
prolactin  [5,  8,  25].

The majority of authors attribute reproductive seasonality to nutritional factors.
The breeding period, in areas where 97% of the buffalo population are bred, takes
place  in  the  months  of  greater  forage  availability  [30  -  35].  Greater  forage
availability is found during the months of July through November characterized
by decreasing daylight length in the TCNE.

If  heat  stress  is  the  main  cause  of  anestrus,  then  it  should  adversely  affect  the
reproductive activity of buffaloes compared to Bos indicus. In Italy, the opposite
pattern  is  observed.  Among out-of-season  mated  buffaloes,  the  conception  rate
increases between July and September, a period during which Holstein cows show
a low conception rate.

In Italian herds where the OBMS technique is not used [36], a condition that was
typical  of  the majority  of  farms 30 to  40 years  ago [37],  the resumption of  the
reproductive cycle (RRC) takes place from September (decreasing light period) to
January (Fig. 1).  Sensitivity to the negative photoperiod is also found on farms
where  a  constant  balanced  diet  is  provided  year-round  [5].  This  type  of
seasonality,  where  reproductive  events  are  not  synchronised  with  forage
availability,  gives indication that  buffaloes bred in Italy are not autochthonous,
meaning that they will sometime calve during the periods of forage scarceness and
low  temperature  which  in  turn  hinders  the  survival  of  the  newborn.  Italian
findings should be sufficient to define the buffalo as a short day breeder. Indeed, a
similar seasonality to that found in Italy and Asian tropical areas is also found in
Venezuela [38, 39], Egypt [40] (Fig. 1) and Columbia (personal observations).

In southern Brazil [41, 42] and Argentina (Zicarelli, unpublished observations),
the wet season (and consequently, pasture availability) starts around October to
November and continues until March to April, whereas pasture scarcity goes from
May to June until October to November. The buffalo calving period under these
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conditions is mainly concentrated from February to May (Fig. 2). The breeding
period is from April to July and the calf weaning under free range and suckling
calf  conditions  is  from  September  to  December.  These  events  permit  the
coincidence of forage availability within the first 2 to 4 months of lactation and
most  of  the  dry  period  (October  to  April).  The  breeding  period,  however,  is
mainly  concentrated  during  the  pasture  scarcity  period  (May  to  July).

Fig. (2). Monthly calving percentage in Brazil as a function of latitude (°).

Baruselli et al. [41], who evaluated data from the Brazilian Breeders Association,
observed  that  the  seasonality  is  more  accentuated  in  the  north  (0  to  8  degrees
latitude) than the south (24 to 32 degrees latitude) of Brazil (Fig. 2), and hence the
calving season is influenced by latitude.

From  the  findings  reported,  it  can  be  unequivocally  stated  that,  although  the
domestic  buffalo  shows  reproductive  activity  throughout  the  year,  there  is  a
greater tendency to concentrate reproductive activity in the months of decreasing
daylight or if increasing, when dark hours prevail.
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Reproductive Efficiency

Many  scientists  affirm  that  buffaloes  show  delayed  puberty  and  a  long  inter-
calving interval, both affected by several factors, such as year of calving, season
of  delivery,  genotype  and  heat  stress  [15].  The  delayed  puberty  and  the
consequent older age at  first  calving has been addressed by many authors.  In a
study performed on 86 farms (30,735 primiparous buffaloes calving between 1975
and 2005), it was observed that the mean age at first calving decreased by 1 month
every 5 years (44.7 ± 6.6 and 35.3 ± 6.5 months, respectively in 1975 and 2005)
[15]. The hormonal pattern in cyclic buffalo is similar to Bos taurus [43], and the
main difference between the two species is  the rate of  cyclic individuals in the
different seasons.

The different reproductive efficiency of buffaloes compared to Bos taurus is due
to several features. These features must be considered because there is a need to
modify  the  calving  calendar  in  the  buffalo  in  order  to  meet  market  demands.
There  are  fewer  primordial  [44]  and  antral  follicles  as  well  as  a  lesser  ovarian
weight (4 vs. 8.5 g) and lesser ovarian volume (mean length: 2.5 vs. 3.7 cm) in the
buffalo species compared to cattle [45]. The number of oocytes in a buffalo calf is
one-fifth compared to a cattle calf [44, 46]. After calving, there are a low number
of ovarian follicles and follicular waves, and few cycles occur. If conception does
not take place, therefore, an anestrus of variable length begins [5]. With regard to
this  topic,  the  transition  period  and  the  postpartum  period  have  a  major
importance for fertility in the buffalo compared to cattle. It should be pointed out
that in those farms adopting semi-free housing, the presence of mycotoxins in the
roughages,  Clostridia,  Coxiella  burnetii,  and  the  incorrect  input  of  Ca,  P  and
crude protein in the last two months of pregnancy often lead to the occurrence of
vaginal or uterine prolapse which impairs the RRC [47]. It is not clear whether the
seasonality of the species depends on the reduced follicular population or if this
latter effect is the cause of buffalo seasonality.

If the calving calendar is not modified, the delayed RRC after calving can be due
to the lack of the “bull effect” [48] and/or to poor nutritional conditions [49]. In
small farms in TCNE where the bull is not present, the dry period of the animals
(March to June) coincides with the scarcity of forage. South of the equator over
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the  20th  parallel  (November  to  March),  the  dry  period  coincides  with  the
abundance of forage and the bull is always present in the herd. In the first case,
prolonged  inter-calving  intervals  are  observed  [32]  whereas  in  the  second  case
inter-calving intervals less than 400 days are recorded [5, 49].

These  observations  suggest  that  in  those  areas,  the  respect  of  nutritional
requirements and the absence/presence of the bull are the most important factors
[48], especially taking into account that the protein content of the pastures is very
low (6 to 10% of DM) and leguminosae can be found in irrigated areas or in the
course of the rainy season. In Pakistan, Qureshi et al. [35, 50] reported that the
seasonality is  influenced by nutritional  and non-nutritional  factors.  Unless feed
deficiencies  are  serious,  however,  nutritional  factors  in  general  do  not  play  a
significant  role  [16,  51  -  53].  The  buffalo  cannot  yet  be  considered  exactly  as
having a “lactiferous habitus” and therefore a “catabolicus habitus” such as that
found in the high milk producing cattle, characterized by using body reserves to
compensate energy and protein deficiency during early lactation. Actually, within
reasonable limits, buffaloes at least with a production of less 3000 kg/lactation,
use their reserves with the aim to reproduce, to the detriment of milk production
[16].

The  effects  of  the  tendency  toward  seasonal  reproduction  in  the  buffalo  are
particularly  evident.  Studies  conducted  in  Italy  may  be  useful  for  countries
wishing to increase the consistency of their production of buffalo milk during the
year.  When primiparous animals are excluded from the survey (heifers  are less
sensitive to photoperiod), a decrease in calving rate between March and June for
farms that are adopting the OBMS technique is observed in Italy whether OBMS
is applied or not (Fig. 3). This confirms that the increase in day light hours (April
to  June)  or  number  of  day  light  hours  >12  h,  negatively  interferes  with
reproductive activity. The buffalo that undergoes OBMS can show anestrus, and
this phenomenon is emphasized by unfavourable climate conditions.

It is possible to define a “temporary anestrus” (<150 days) and a “deep anestrus”
(>150 days) based on the number of days open. It is also possible to distinguish
between  buffaloes  that  come  into  estrus  within  70  days  from  calving,  and
conceive within or after 90 days, from those which come into estrus after 70 days
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and conceive within or after 150 days [54].

Anestrus can be identified as a non RRC after parturition or as an interruption of
cyclic  activity  for  a  number  of  reasons.  Environmental  conditions  that  are
responsible  for  anestrus  are  accompanied  by  changes  in  blood  hormones.  It  is
possible that some of these hormones represent the response to stressful factors
rather than the cause of the arrest in reproductive activity. Buffaloes calving out of
the  breeding  season,  conceive  very  soon  or  need  several  months  to  conceive.
During  this  period,  they  are  not  always  acyclic,  but  are  able  to  conceive  and
undergo  embryonic  mortality,  in  particular  between  April  and  May,  months
characterized  by  progressively  increasing  day  length.  During  the  year,  the
embryonic mortality rate is 10% of the pregnancies diagnosed at 40 days and is
22% for conceptions that take place in the month of April [54]. The incidence of
this event is considerably affected by the “farm” factor and ranges between 10%
and 45%, if calculated on the pregnancies after AI diagnosed by ultrasonography
at day 26 [55].

Fig. (3). Calving percentage in farms that use (%OBMS) or do not use (%No-OBMS) the OBMS technique.

A pregnancy is not always detected following observation of a corpus luteum. It
can be assumed that the occurrence of an early embryonic mortality or an anestrus
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condition can be caused by an ovarian cycle with a corpus luteum characterized
by inadequate function, because of a short luteal phase or normal luteal phase with
low progesterone  production  [48,  56].  This  phenomenon has  been found at  the
onset  of  anestrus  season in  sheep,  after  first  ovulation postpartum in cattle  and
during the prepubertal phase in both species [57].

Some recent papers report an incidence of double ovulations up to 15.5% in dairy
cows [58]. A similar value has been previously reported in the buffalo [59]. In the
latter,  however, only 0.06% of double ovulation may lead to a twin pregnancy.
The  double  ovulations  reduce  the  efficiency  of  AI  in  the  case  of  spontaneous
estrus, but not in the case of induced estrus [48].

In Italy,  the OBMS technique leads to lesser  fertility.  In fact,  when the OBMS
technique  was  not  applied,  calving  intervals  of  400  to  445  days  were  recorded
[60].  Recently,  a mean inter-calving interval  of 487±133 days was reported for
6,052 inter-calving intervals  over  a  period of  5  to  10 years  on 5 farms with an
annual culling rate lower than 10% [60]. The OBMS technique was adopted and a
constant rationing was given throughout the year.

It  was  shown that  the  shortest  inter-calving periods  were  recorded in  buffaloes
that delivered between April and June, and that, therefore, have conceived in the
warmest  months (between June and August).  Short  inter-calving intervals  were
also found in buffaloes that delivered between July and September, the period of
the year during which the highest temperatures are recorded in Italy. The longest
inter-calving periods  were  recorded for  buffaloes  calving between October  and
December, because of the OBMS technique, which delays mating until February.
Long  inter-calving  intervals  were  also  found  in  buffaloes  that  calved  between
January and March, the coldest period of the year [8, 15, 54, 60]. These buffaloes
would  conceive  in  spring,  the  mildest  period  of  the  year,  characterized  by
temperatures  between  15  and  22°  C.  Conception  is  typically  delayed  until
September, however, except for the 40% of animals that conceive within 90 days
from calving. We can conclude, therefore, that in Italy nutrition and the warmest
months,  especially  if  a  swimming-pool  is  present  on  the  farm  [61,  62],  do  not
affect the inter-calving period. The main factor that has to be taken into account in
Italy (latitude of 42 to 45° N) is the light stimulus. Buffaloes that deliver between
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January  and  March  would  conceive  between  March  and  May,  a  period
characterized by increasing day length, or delay their conception until August to
September, after three months of decreasing day length. Similarly, buffaloes that
deliver in the period of April to September show the shortest inter-calving period
considering that at the end of 58 days postpartum (the useful interval in order to
reach an inter-calving period of 365 days), decreasing day length begins.

When the OBMS technique is not used, old buffaloes (with more than 7 calvings
and  still  not  pregnant  after  7  to  9  months  from  last  calving)  spontaneously
conceive in autumn. The body conditions of buffaloes typically worsens after 12
to 15 years of age and hence farmers are not encouraged to eliminate the animals
that  are  still  not  pregnant  at  the  end  of  lactation.  This  is  one  of  the  causes  of
prolonged inter-calving period [60].

The majority of Indian and Egyptian authors assert that a lower concentration of
calving observed between January and May depends on a reduced conception rate
between  March  and  July.  This  phenomenon  is  influenced  by  the  hot  and  dry
climate (summer anoestrus) of this period of the year. In Italy, in farms that do not
use the OBMS, a drop of calving is also observed between January and June (Fig.
1), a period of the year in which, unlike in India, the climate is either cold or mild
and  moderately  rainy.  The  fertility  markedly  improves  between  July  and
September, a period that in Italy coincides with the highest temperature (Fig. 4)
and temperature humidity index of the year. This observation makes the buffalo
very different from cattle, as the latter species shows a marked decrease in fertility
in the hottest months of the year (July to September).

We have already highlighted that in areas located north of the equator a drop in
the number of calvings is observed between January and June. The authors from
countries  located  north  of  the  equator  attribute  buffalo  anestrus  to  heat  stress
(India,  Pakistan)  or  to  the  low  environmental  humidity  (Venezuela).  In  our
opinion,  the  decrease  in  calving  rate  between  January  and  June/July  (Fig.  1)
depends  on  the  reduced  reproductive  activity  between  March  and  August/
September. In the latter period, the maximum daily temperature (Fig. 4) ranges
between  15°C (March)  and  27°C (August)  in  Naples,  Italy;  between  25°C and
38°C in Delhi, India; between 27°C (March) and 41°C (June) in Lahore, Pakistan;
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and  between  25°C  (March)  and  26°C  (August)  in  Caracas,  Venezuela.  The
maximum daily temperatures that are recorded in Italy and in Venezuela rule out a
direct action of environmental temperature on anestrus. If only India and Pakistan
are considered, it is not possible to exclude that heat stress, even if it is not the
main factor, may contribute to summer anestrus. Furthermore, the RRC (August
to September) coincides with a monthly maximum temperature of 28°C (August)
and  25°C  (September)  in  Italy,  25°C  (August)  and  27°C  (September)  in
Venezuela,  34°C  (September)  in  India  and  36°C  in  Pakistan.

Fig. (4). Monthly maximum temperature in Naples, Dehli, Caracas and Lahore.

The  monthly  rainfall  recorded  in  Italy  and  Venezuela  between  September  and
October is not different from the same value observed between March and May
(Italy) and between June and August (Venezuela) when a lower conception rate is
observed (Fig. 5).

On the  contrary,  in  India  and in  Pakistan  the  rainy season takes  place  between
July and September. The cessation of reproductive activity in Italy and Venezuela,
therefore,  cannot  be  attributed  to  the  rainfall.  In  India  and  Pakistan,  the
reproductive activity is  good in October and November (calving in August and
September),  when the temperature is  lower and the rainfall  is  already minimal.
The trend of day light hours, although with different daily values, is shared by all
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the breeding areas situated north of the equator (Fig. 6).

Interestingly,  a  4-year  retrospective  analysis  of  data,  Di  Francesco  et  al.  [63]
obtained in an in vitro  embryo production laboratory, showed that a significant
decrease  in  blastocyst  rate  was  observed  between  April  to  June  compared  to
October  to  December.  Intermediate  values  were  recorded  between  July  and
September  and  between  January  and  March.

Fig. (5). Monthly rainfall (mm) in Naples, Dehli, Caracas and Lahore.

The drop in oocyte developmental competence coincides with the spring months
that at our latitudes are characterized by mild environmental temperatures. This
pattern confirms that the light stimulus plays the most critical role in determining
seasonality.

South of the equator, Baruselli et al. [41] demonstrated that the concentration of
calving increases proportionally with increasing distance from the equator (Fig.
2).  It  is  not  possible  to  show  any  relationship  between  daily  maximum
temperature,  rainfall  and  the  calving  calendar  (Fig.  2)  whereas  an  evident
relationship  exists  between  the  calving  calendar  and  the  daily  light  hours  at
different  latitudes  (Fig.  7).
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Fig. (6). Day light hours in Naples, Dehli, Appure (Venezuele), Lahore.

Fig. (7). Day light hours in Brazil as a function of latitude (°).

Throughout this paper, the seasonality of the females has been considered. This
phenomenon may affect the males as well. The effects are clear when the animals
are  used  for  natural  mating.  Recently,  we  observed  in  the  same  farm  a  higher
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pregnancy  rate  between  January  and  April  in  buffaloes  inseminated  by  AI
compared to animals that were bred by bull/natural mating. This perhaps occurred
because  AI  avoided  the  negative  effect  of  the  bull.  We  have  in  fact  recently
verified that in April, only 23%, 31% and 29% of the bulls showed values higher
than the average value for testosterone, dihydrotestosterone and androstenedione,
respectively [64].

Strategies to Enhance Reproductive Performance

Embryonic  mortality  in  buffaloes  is  primarily  due  to  a  reduced  secretion  of
progesterone by the corpus luteum. The importance of progesterone concentration
during the first  weeks of pregnancy for reducing embryonic mortality has been
demonstrated  in  both  cattle  [65]  and  buffalo  [9,  55,  66,  67].  In  cattle,  several
treatments  have  been  used  typically  within  5  days  after  conception  to  increase
progesterone secretion by the existing corpus luteum or to induce ovulation and
formation  of  an  accessory  corpus  luteum  [65].  Treatments  on  day  5  after
insemination  do  not  have  any  effect  on  reducing  embryonic  mortality  in  the
buffalo  [66].  Differently,  treatment  of  buffaloes  with  a  GnRH agonist,  hCG or
progesterone on day 25 after AI, reduced embryonic mortality [67].

Although the light/dark ratio is the main factor affecting reproductive efficiency,
another important  factor is  the satisfaction of the buffalo physiological  need of
water  for  bathing.  The  presence  of  a  swimming-pool  reduce  the  not  pregnant
buffaloes per corpora lutea ratio (NP/CL) found at rectal examination in buffaloes
calving between April and August [61, 62, 68]. The swimming pool apparently
acts  to  reduce  heat  stress.  The  NP/CL  ratio,  as  an  indicator  of  an  anomalous
estrous  cycle  or  embryonic  mortality,  may  be  proposed  as  a  specific  tool  for
evaluating  buffalo  welfare  [61].

In  absence  of  water  availability,  the  zebu  shows  higher  resistance  to  high
temperatures, whereas in presence of water the buffalo plunges in it completely
and Bos taurus and Bos indicus plunge only their limbs.

We have already pointed out that the buffalo has a tropical origin and, at least in
southern Italy, for the same space (dairy buffalo/m2), birth order (calving parity)
and rationing, the milk production to 135 days from delivery, which corresponds
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to mid-lactation, is not affected by temperature during summer, differently from
winter [14]. During winter [14], a higher DM intake is correlated to lower milk
production and hence to a worse conversion index of DM into milk, compared to
summer.  Furthermore,  contrarily  to  dairy  cow,  the  buffalo  does  not  negatively
modify  milk  quality  during  summer.  The  mozzarella  cheese  produced  in  this
period is more delightful and pleasant to the consumer than that produced during
the winter. The higher DM intake during the summer may be caused by, at least
when the bull is available in the herd, the motor activity of buffaloes, which is not
constant  throughout  the  year.  In  fact,  it  varies  according  to  the  photoperiod,
increasing in relation to the increase of light hours (Fig. 3), and between July and
September when a higher sexual activity is recorded in the herds when the OBMS
is applied.

The  low  temperatures  negatively  affect  milk  production  and  reproduction  in
buffaloes,  at  least  in  Italy.  The  cold  increases  thyroid  activity  [25,  29],  loss  of
body heat and neonatal mortality. High T4 levels negatively influence estrogens
and  progesterone  in  follicular  fluid,  reducing  fertility.  In  farms  localized  in
mountains, with humid and cold climate, the utilization of air heating during the
coldest hours of the night for 4 years, increased herd fertility rate from 40 to 70%,
decreased  the  intercalving  period  from  530  to  475  days  and  increased  milk
production  of  around  7%  [69].

High  environmental  temperature  and  high  THI  (temperature  humidity  index)
without  adequate  stalls,  may  represent  a  stress  factor,  together  with  cold
temperature.  In  fact,  the  pigmented  skin  is  able  to  protect  the  buffaloes  by  the
damages caused by ultraviolet rays, but hair density in buffalo is 1/8 compared to
cattle (394 follicles/cm2  vs.  2893 in bovine).  Furthermore, the number of sweat
and sebaceous glands is definitely lower than cattle. However, sebum secretion in
buffalo  is  more  abundant  than  in  cattle  and  plays  a  protective  role  on  the  skin
when the animals plunge themselves in the mud.

The  treatments  for  anestrus  are  based  on  the  use  of  progesterone  devices
combined with PMSG. The response is influenced by the effects of year and farm
and therefore are variable. The above treatments in natural mating conditions do
not have an immediate impact, but in primiparous females they have a beneficial
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effect on the RRC. Unsatisfactory responses are perhaps more useful because they
lead  to  the  assessment  of  the  environmental  causes  that  underlie  reproductive
failures [54]. For instance, we demonstrated that more space and better welfare
conditions  improved  fertility  in  Italy.  On  21  farms  in  which  the  OBMS  is
performed,  we  observed  that  38.1%,  52.4%  and  4.8%  of  the  farms  increased
fertility  rate  respectively  in  June,  July  to  August  and  September  (L.  Zicarelli,
unpublished  observations).  Out  of  the  8  farms  that  resumed  fertility  in  June,  6
(75%) had at their disposal either covered sheds, that shorten the day length on
average by 2 h during the year, or wide open spaces in which buffaloes can move
for at least 6 h/day, or swimming pools. Out of the 11 farms that resumed fertility
in July only 2 (18.2%) had swimming pools available (6/8 versus 2/11; P < 0.05).
Finally, on a farm with a variable number of buffaloes, an increase in reproductive
activity was recorded in June and July when more space was made available to the
animals.  Between  January  and  June,  77%  and  68%  of  births  were  observed,
respectively, for 352 and 451 buffaloes (P <0.01). These results suggest that the
effects of the season can be partially alleviated by improving the status of animal
welfare.

CONCLUSION

Reproductive  problems  in  the  buffalo  species  are  mainly  represented  by  the
seasonal  anestrus  (defined  as  summer  anestrus  in  tropical  countries  and  spring
anestrus in Italy), at least at the actual production level. This phenomenon may be
solved by increasing the culling rate (since the tendency to seasonality increases
by aging), ensuring space availability to the herd (at least 20 m2/head), utilizing
swimming pools for the animals and providing stalls that supply shadow for both
reducing light hours and reducing summer temperatures.

It is particularly important to cull the animals that tend to reproduce during the
periods characterized by decreasing daylight length and increase the number of
those  that  are  able  to  reproduce  during  periods  characterized  by  increasing
daylight  length.  In  fact,  it  has  been  previously  demonstrated  that  melatonin
plasma  levels  show  a  high  repeatability.  Finally,  the  seasonality  in  buffalo  is
influenced by the light/dark ratio throughout the year, and in some countries the
seasonality is influenced by nutritional factors.
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Buffalo Dairy Production: A Review
Marco A. Zava1,* and Marina Sansinena2,3

1  Technical  Department  of  Argentine  Buffalo  Breeders  Association;  International  Consultant,
Arcos 1325, 1426, Buenos Aires, Argentina
2  Animal  Biotechnology  Laboratory,  College  of  Agriculture,  Catholic  University  of  Argentina,
Cap. Gral. Ramón Freire 183, 1426 Buenos Aires, Argentina
3 National Council for Research and Technology (CONICET), Buenos Aires, Argentina

Abstract: Worldwide production of buffalo milk is steadily increasing. In this chapter,
the worldwide distribution of buffalo milk production is described, with emphasis on
production  styles  and  characteristics  by  region.  Representative  buffalo  breeds  are
described, along with production levels and general herd management. Relevant factors
such as heat stress, animal nutrition, conversion efficiency, health management, calf
rearing  systems  and  sanitary  milk  production  conditions  are  outlined.  Factors
influencing buffalo milk performance and production are also outlined in this chapter
such  as  sexual  maturity,  calving  interval,  days  in  lactation,  residual  milk  and
performance  according  to  age  groups.

Keywords: Breeds, Buffalo, Dairy, Production levels, Worldwide distribution.

1.  INTRODUCTION:  WORLDWIDE  DISTRIBUTION,  REGIONAL
PRODUCTION AND ECONOMY

Worldwide Distribution

Worldwide  production  of  buffalo  cow  milk  is  steadily  increasing,  and  is
concentrated in three countries which represent 94% of the total world production:
India, Pakistan and Nepal [1]. In addition, significant amounts of
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buffalo milk are being produced by China and Egypt (in the latter, bubaline milk
production is higher than cattle) [2].

Of the total world buffalo population, 69.73% is found in India and Pakistan and it
is mainly dedicated to dairy production [3]. According to FAO 2008 [3], India and
Pakistan  produce  66.62%  and  25.15%  of  the  buffalo  cow  milk  worldwide,
respectively. In 2008, India produced 56.960.000 metric tons of buffalo cow milk
and  Pakistan  produced  21.500.000  [3].  India  is  the  largest  producer  of  buffalo
heads  in  the  world  and  also  the  largest  milk  producer  (cattle  +  bubaline,
approximately 134 million tons). Only 15% of buffalo cow milk is processed by
dairy plants, while the rest is consumed as raw milk for human consumption [5].

Buffaloes  play  a  key  role  in  the  agricultural  economy  of  the  Indo-Pakistani
continent. This species is known for being an efficient converter of low-quality
forages and by-products into a single valuable commodity: milk. An example to
understand  the  magnitude  of  the  economic  importance  of  bubaline  milk
production in India: although the 106,63 million buffalo heads [3] represent only
34.35% of total livestock in the country, their milk output accounts for 65% of
total dairy and dairy by-products [3, 4, 6].

In  the  year  2004,  bubaline  milk  accounted  for  the  12%  of  the  world  dairy
production (75.833.191 tons of bubaline milk versus 608.943.729 total). Between
1996  and  2004,  bubaline  milk  production  increased  26%,  versus  only  a  10%
increase in vaccine milk. According to FAO, in the last three decades worldwide
bubaline  production  increased  200%  [4],  with  an  annual  growth  of  7%.  This
growth is mainly attributed to the 110% increased milk production of Asia in the
last  two  decades  (India  101%,  Vietnam  93%  and  Pakistán  88%)  [3],  and  the
continent  is  now  producing  96%  of  the  world  bubaline  milk.  In  2008,  Brazil
produced  114  million  liters  and  Italy  200  million  (600  million  euro)  [4].
Production  of  several  key  countries  is  shown  in  Table  1.

Table 1. Top producers of buffalo cow milk in 2008.

Country Production (Tons)

India 56,960,000

Pakistan 21.500.000
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Country Production (Tons)

China 2,900,000

Egypt 2.300.000

Nepal 930,000

Iran 241.500

Myanmar 205,000

Italy 200.000

Brazil 114,000

Turkey 35.100

Vietnam 31,000

WORLD TOTAL 84,488,902
Source: Otavio Bernardes, 2010 [4]

Regional Production and Economy

Europe

In Italy, buffalo industry is an intensive production system that utilizes the latest
technology,  with  more  than  60  years  of  genetic  selection  and  quality  control.
Average  milk  production  per  lactation  has  increased  over  400  kg  since  the
national  genetic  improvement  program  started  in  1969.  In  superior  herds,
lactations of 5000 liters for 250-day lactations with two daily milking sessions can
be  achieved  and  for  the  Mediterranean  breed,  lactations  of  240-270  days  with
values of 1500, 2700 and 6000 liters have been reported. In 2009, Naples reported
3000  daily  kilograms  of  mozzarella  cheese  exported  to  the  U.S.A.  and  Great
Britain. Bulgaria has reported productions over 3500 liters, mostly switching from
Mediterranean to Murrah breeds.

Seliano  Farm,  owned  by  the  Bellelli  family,  in  Seliano,  Salerno  Province,
Campania  Region,  Italy,  produces  corn,  ryegrass,  oats  and  olive  trees  over  90
hectares of land, 7 of which are occupied by animal facilities. Of a total of 768
buffaloes, 338 are adult females. In the year 2004, they reported a total of 544.200
kg of milk from 220 animals in milking, with an average 2500 kg/lactation, 4.8%
crude  protein  and  8.5% butirose  fat.  This  farm operates  non-seasonally  (out  of
season mating). Fifty-six percent of the milk was produced in the summer season

(Table 1) contd.....
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and fertility rate was 76%. The farm has implemented genetic selection programs
in order to improve milk production. Cows that produce less than 2500 liters are
systematically  culled,  and  superior  buffalo  bulls  for  genetic  improvement  are
introduced for natural mating [7]. Two of their studs are housed in one of the top
artificial  inseminations  centers  of  the  country,  COFA  (Cooperativa  di
Fecondazione  Artificiale  or  Artificial  Insemination  Cooperative)  located  in
Cremona, near Milan, in Lombardia Region). One of them, Ettore, born in 1999,
has a morphological score of 87.5. Its sire has a morphological score of 85 and its
dam, 81 [8].

La Cotarda Farm, owned by Benedetti Panici family, is located in Pontinia, Latina
Province,  Lazio  Region,  Italy,  and  has  a  total  of  700  buffalo  cows  (350  in
milking). In 1997, the farm had the second largest production in Italy: 2700 liters
for 270-day lactation, with 8.5% butirose fat and 4.5% crude protein. The Farm of
Gianni  Martini  is  also  located  in  Latina,  near  Fossanova.  In  100  hectares  they
produce both beef and milk. They own 800 buffalo heads, 250 are buffalo cows in
milking.  Their  milk  production  is  12  liters/day  for  270-day  lactations.  Peak
productions can reach 25 liters/day. Average milk production/lactation is 3000-
3200  liters.  They  have  reported  repeated  problems  with  uterine  prolapse,
attributed to excess body condition (over-conditioning), nutrition (excessive corn)
and  genetics.  Rations  consist  of  20  kg  corn  silage,  6  kg  of  hay  and  8  kg  of
concentrate (unifeed). Forage management rotates alfalfa, ryegrass, oats and corn,
according to availability and time of the year [7].

Facchi  Farm,  located  in  Cremona,  near  Milan,  Lombardia  Region,  is  the  only
completely integrated operation in Italy. They own 1150 buffaloes, 400 of which
are milking buffalo cows. Average daily milk output is 5 to 12 liters, for 200 to
230-day  lactations  (average  1900-2000  liters/lactation).  The  farm  has  its  own
cheese  production plant  where  the  milk  line  from milking parlor  feeds  directly
into  plant;  the  whole  cheese  threading  process  is  done  by  hand.  They  produce
2000  liters  milk/day  with  a  27%  yield  (500  kg  mozzarella  cheese/day).  This
operation slaughters and sells steers at  9 months of age with 250 kg of weight.
The  buffalo  production  of  this  farm  integrates  3  systems:  1)  milk  (cheese);  2)
meat (steers); and 3) Biogas (fuel), where manure is converted to dry (letame) and
fluid (liquame) for energy production [7].
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Torre Lupara Farm, in Pastorano, Caserta, Campania Region, Italy [9] produces
12,000  liters  daily  during  winter  and  18,000  in  the  summer  (non-seasonal
breeding). They milk 1459 heads with 8 workers, including 1400 dams with 520
in  twice-daily  milking  schemes  (4,8%  protein).  Animals  are  kept  on  ground
corrals  which  improve  overall  hoof  health.  Corrals  have  manure  collection
systems, so that manure is pooled in large sediment ponds where liquid and solid
fractions  are  separated.  Liquid  fractions  are  used  as  fertilizers.  Animals  are
allowed 25 m2 space/head, but if more space is made available, production drops
due to excessive walking; if on the contrary less space is available, animals get
nervous and uncomfortable due to the restricted space [9].

Aldes Farm (Allevamento De Stefano), Agropoli, Salerno, Campania Region, is
one of the top ranked Italian farms based on production [9]. They have 130 cows
split into two groups of which 28 fresh (first days of milking). In total they own
500 heads.  Artificial  rearing  is  done  using  powdered  milk  reconstituted,  of  the
acid type, with mortality rates under 2-3%. Calves are fed colostrum for 3 to 4
days, followed by additional 3-4 days fed with their dam’s milk mixed with the
acidic milk. Finally, powered reconstituted milk (18-20%) is supplied ad libitum
for  25-30  days,  near  6  to  8  kg/head.  From days  30  to  65,  calves  are  offered  5
liters/day, progressively reduced to 3 liters/day until weaned around 50 days of
age.  Since  30  days  of  age  they  receive  solid  food.  Replacement  heifers  must
develop  properly  while  maintaining  adequate  body  weight  without  being  over-
conditioned. Over conditioning is quite common in Italy due to use of corn silage
as  supplement.  This  has  negative  impact  on  fertility  and  makes  animals  more
prone  to  uterine  prolapse.  Aldes  animals  have  high  food  intake,  but  with  daily
productions of 26-27 liters with 9,4% butirose fat and 4,8-4,9% crude protein, so
that  their  body  condition  is  barely  good.  Animals  are  fed  50:50  concentrate  to
roughage; this includes tomato peels,  corn silage and straw. Milk production is
typically around 15 liters with peaks up to 30 liters,  with 8.86% fat and 4.45%
protein for 267-day lactations. Non-seasonal breeding is conducted on about 65%
of the herd (spring) in order to achieve production goals during the high demand
months of the summer [9].

Riva Bianca Farm, Paestum, Salerno, has an average production of 2400 liters per
lactation with 4.8% protein and 8.5% fat, and animals producing less than 2100
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are culled. They use scraping blades to remove manure from pens, which is used
to  produce  biogas.  Cows  are  fitted  with  pedometers:  that  allows  individual
identification during milking and also is  used as aid in heat  detection based on
increased overall  animal activity.  They milk approximately 120 cows per hour.
Animals  are  de-seasonalized  by  withdrawal  of  buffalo  bulls  in  early  fall
(September  20th)  and  re-introducing  them  in  February  [9].

Gaetano Iemma’s Farm, Eboli,  Salerno, has a total head count of 1000 buffalo,
500 are dairy buffalo cows (300 in milk). Average production is 2500 liters [9].

La Roana Farm, Sezze, Latina, Lazio Region, has 60 hectares and 800 heads. First
breeding  heifers  receive  a  highly  concentrated  ration  to  compensate  for  their
reduced rumen size and thus reduced voluntary intake. Animals are kept in groups
of  70.  Animals  are  grouped  by  calving  date  and  lactation  and  therefore  have
similar  nutritional  requirements.  Breeding  is  also  de-seasonalized  in  order  to
maintain  supply  levels  throughout  the  year,  genetic  improvement  is  routinely
pursued by using only buffalo bulls with 4000-liter record dams. Average daily
production is 14.5 liters and total lactation production is 2700 liters [9].

Upper Ninevah Farm, belongs to the Palmer family, west London, UK. They farm
150  acres  of  excellent  pasture  with  high  protein  content.  In  1998,  production
levels  were 2800 kg per  lactation,  with 8.59% fat  and 4.55% protein and 5.1%
lactose. Mechanical milking is conducted twice daily with yearly productions of
200,000 liters. Initially, buffalo milk was destined mainly to satisfy the demand of
the  Pakistani  community  in  the  country,  but  it  is  now  allocated  to  the
manufacturing of semi-hard cheese. Buffaloes are kept in stables during the winter
months  and  fed  hay,  wheat  straw,  beet  and  forage  clippings,  and  rations  are
always  formulated  to  meet  14%  crude  protein,  10.5%  fiber  and  12.4%
metabolizable energy. Buffaloes are bred by AI with semen imported from Italy.
Best producing animals yield up to 5229 liters with low microbial count, which
allows for milk to be stored and transported to London weekly for yoghurt and
cheese manufacturing [9].

In Germany, a herd was reported to produce 2232 kg and 2577 kg for first and
second lactations, respectively [14].
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Asia

Average milk production in India and Pakistan ranges from 1000 to 1500 liters for
300-day  lactations.  Superior  herds  may  achieve  2500  liters,  with  individual
buffalo cow yield up to 5000 liters.  In the year  2000,  2.5 million dairy buffalo
cows were  controlled  in  the  state  of  Gujarat,  India.  These  controls  revealed  an
average yield of 1071 liters (Mehsana breed, 300-day lactation) with 7.01% fat
and 1694 liters (Murrah cross) with 6.8% butirose fat [10].

Pakistan produces 38 billion liters of vaccine and bubaline milk per year and has
the second largest animal head count: 32 million [11]. Bubaline milk represents
65% of the milk consumed by the 165 million inhabitants [12, 13]. In Pakistan,
agricultural  waste  and  forages  are  converted  efficiently  by  the  buffalo.  Dairy
farms normally operate with one milker every 12 buffalo cows in barns with 200,
1000 and up to 10000 animals. Only 5% of buffalo milk produced in the country
is sold to processing plants, the rest is consumed as raw fluid milk. Milk is also
used  for  the  manufacture  of  candy  and  sweets,  both  very  common  staples  in
Muslim diets. Interestingly, cheese in not considered a traditional foodstuff [13].
Traditionally,  small  producers  (70%  of  total)  have  limited  access  to  quality
forages, resulting in lactations of 1300 liters for buffalo cow (and 450 for cattle).
However,  the  number  of  suburban  dairies  and  number  of  animals  milked  have
been  increasing  rapidly  in  recent  years;  better  nutrition  and  individual  animal
output  is  driving  production  to  3000  liters.  Nili-Ravi  buffalo  cows  with
productions of 4147 liters during 281-day lactations have been reported. In Punjab
Province  (Pakistan),  production  from  6000  buffalo  cows  from  7  research  and
military-owned herds and small farms (5-20 animals) was controlled. For the year
2000, average milk production was 1823 liters for 257-day lactations.

The market for dairy products is also steadily increasing in China, with an average
18% growth/year, the second largest growth rate after Brazil. A large number of
dairy  crossbred  buffaloes  are  being  produced  in  this  country,  with  special
emphasis  in  milk  production  [15].  Milk  production  in  the  south  of  China  is
inadequate and cattle production is not sufficient to meet the demand. Therefore,
the region is actively directing buffaloes into milk. In recent years, buffalo cow
milk production form Guanxi and Guangdong represented 18.8 and 11.5% of the
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country’s  total.  The  Buffalo  Research  Institute  of  Nanning,  Guanxi,  China,
monitored milk production of pure and crossbred bubaline breeds, for 278-327-
day  lactations.  They  reported  2133  liters  for  Murrah  with  6.73%  butirose  fat,
4.05% crude protein and 16.73% milk solids; 2262 liters for Nili-Ravi with 6.35%
butirose fat, 4.11% crude protein and 16.44% milk solids; 2295 liters for Triple
Cross (Nili-Ravi, 50%; x Murrah, 25%; x Swamp, 25%) with 7.43% butirose fat
and 4.47% crude protein; 2041 liters for Nili-Ravi (F1) with 8.17% butirose fat
and 4.61% crude protein; 2268 liters for Nili-Ravi (F2); 1020 liters for Swamp
with 9.50% butirose fat and 4.50% crude protein [16].

The swamp buffalo of Thailand is mostly used for milk production in urban areas.
An evaluation of Murrah buffalo cows and their crosses indicated that F1 had an
improvement  over  the  swamp  variety  in  average  daily  gain  (900-1080  g/day
versus 750 g/day) and doubles milk production (Murrah, 1105 liters in 213 days;
F1, 1113 liters in 268 days) compared to swamp buffalo (477 liters in 279 days).
Fat content and crude protein are also higher [17, 18].

In the Philippines, the Philippine Carabao Center imported 3000 dairy buffaloes
of Murrah from Bulgaria and 4000 embryos from India between the years 1995
and  2000  [19,  20].  Carabao  (or  Swamp  Buffalo)  produces  400  –  750
liters/lactation  (1  -  1.5  liters/day,  with  9  –  10%  fat).  The  F1  with  Murrah  can
produce up to 1100 liters and the F2, 1350 liters [21]. Murrah buffaloes imported
from  Bulgaria  produce  1800  liters/lactation  [5].  The  CLSU  Dairy  Farm,  in
Muñoz, Nueva Ecija, Philippines, has 1039 total hectares of land, with 6 hectares
occupied by the milking parlor, including 5 hectares dedicated to forages and 1
hectare  for  other  facilities.  Of  the  200  buffalo  heads,  80  are  Murrah  cows
producing  1500  liters  (300-day  lactation)  [20].

Africa

Average  milk  production  in  Egypt  is  1600 liters  for  210  to  280  day  lactations,
with  6.4-7%  fat.  Age  at  first  calving  is  34  to  41  months.  The  Ministry  of
Agriculture is in charge of herd control of the 4 herds owned by the State (around
800 total buffaloes) with an average 2030 liters and 8.2% in 312 days. El Tahir is
located  east  of  the  Nile  delta,  with  60  acres  under  irrigation  and  170  buffalo
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heads. Animals are fed with wheat straw treated with ammonia, forage mix and
minerals.  Buffalo cows in milk are fed with 3 kg concentrate/day consisting of
40%  cotton  seed,  35%  corn,  15%  barley,  10%  wheat  flour.  Egyptian  forage
consists  of  Clover  (Trifolium  alexandrinum  sp.)  and  Elephant  Grass  [22].

South America

In Venezuela and Brazil, average values for 270-day lactations are between 1500
and 1700 liters; with superior herds achieving 2500 to 4000 liters, and more than
5000 liters have been reported in Brazil. The Parineiras de Ingai Farm, located in
Alambari, Sao Paulo State, Brazil, is dedicated to buffalo dairy production using
the Murrah breed. The area is characterized by sandy and unfertile soils. Herds are
maintained  on  rotational  grazing  schemes  with  addition  of  mineral
supplementation  to  support  larger  numbers  of  animals/hectare  (6  Animal
Units/hectare).  Sugar  cane  silage  is  used  strategically.  To  complement  forage
seasonal nutrient imbalances, forage is fertilized with manure. Forage nutritional
value  is  monitored  routinely  (Bracchiaria  decumbens  sp:  12.7%  protein,  34%
crude  fiber,  24.6% dry  matter,  59% total  digestible  nutrients).  The  Santa  Eliza
Farm, in Dourado, Sao Paulo, Brazil, milks 600 buffalo cows, obtaining between
2000 and 3000 liters/day, which are processed by a milk plant with the Dourado
trade mark, owned by the same group [23].

Due  to  the  fact  that  National  Research  Council  (U.S.A.)  values  are  considered
inadequate for buffalo, guideline values obtained from Federico II University of
Naples (Italy) are now followed in Brazil.  Reproduction is  managed by natural
mating and the average gestation length is 312.7 days. Calving interval is 392 +/-
53 days. The average number of mounts/conception (natural mating) is 1.6 and
calvings are distributed throughout the year. Average milk production/buffalo cow
is 3250 liters and the economic output is 6000 liters/hectare. Top producing cows
produce 5142 liters/lactation (24 liters/day) [24]. In 2010, individual productions
of 5613 liters (397 days) and 5647 liters (413 days) were recorded [4].

In  Venezuela  (2007),  Castanha  Grande  produced  an  average  of  2620  liters  for
295-day lactation, with 8,88% butirose fat and 388-day calving interval. Animal
production  levels  were  distributed  as  following  [25],  and  production  levels  are
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shown in Table 2.

Table 2. Production level and percent of buffalo cows in a farm in Venezuela.

Production Level (KG/Lactation) % Buffalo Cows

1600 to 2000 14.9

2001 to 3000 52.7

3001 to 4000 28.4

Over 4000 4.0

In  Argentina,  La  Salamandra  Farm,  near  Lujan,  in  Buenos  Aires  Province,
produces 8 liters daily in two milking sessions, with 7.63% butirose fat and 4.52%
protein and 2500 liters per lactation. The argentine average daily output is 5 to 6
liters, with average lactations lasting 240 days [26].

2. DAIRY BREEDS

In India, the most common breeds are Murrah, Jafarabadi and Surti. In Pakistan,
the  main  breeds  are  Nili-Ravi  and  Kundi.  In  Italy  and  in  the  rest  of  the
Mediterranean  countries,  the  main  breed  is  the  Mediterranean,  of  indian  origin
[27].

In  Italy,  COFA  (Cooperativa  di  Fecondazione  Artificiale,  property  of  Arturo
Casali, Cremona, Lombardia), and CIPAB (Salerno, Campania) as well as other
semen  collection  and  commercialization  companies  were  created  for  the
Mediterranean  breed  genetic  improvement  to  supply  an  increasing  buffalo
demand.  After  over  60  years  of  genetic  selection,  these  companies  are  now
producing and exporting semen from superior purebred buffalo bulls worldwide.
Mediterranean is the breed that has presence in more countries in the world (in
Europe, America, Asia, Africa and Oceania).

Currently in Italy, registered buffalo cows from 300 farms (controlled monthly)
produce an average 2469 kg in 270-day lactation with 8.4% fat and 4.7% protein.
Up  until  the  year  2000,  the  genetic  Herd  Book  was  under  supervision  of  AIA
(Italian Breeders Association). This task was later transferred by the Ministry of
Agriculture to ANASB (Italian Association of  Buffalo Breeders)  and the breed
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was  officially  named  Italian  Mediterranean  Breed.  Elite  herds  from  this  breed
yield an average 3000 liters/lactation, with top producing buffalo cows reaching
the  5800-liter  mark  [28].  In  the  north  of  Italy,  25-30  controlled  farms  milk  an
average of 170 Mediterranean buffalo cows. In 1997, the highest producing farms
obtained  yields  higher  than  5000  liters  in  270-day  lactations,  with  peak  daily
yields of 30 liters in two milking sessions. Although productions of 6000 liters
can be obtained, this yield involved a reduction of the buffalo cow production life
from 18-22 to only 12 years.

In India, the Murrah, Nili-Ravi, Surti and Jafarabadi breeds are well represented.
All of them are riverine buffalo type. Although these are considered among the
best dairy breeds, they are also used for meat production and draft. Indian-type
Murrah, the most prevalent breed worldwide (in population), is present in Asia,
Bulgaria  and  South  America.  With  adequate  nutrition,  this  breed  is  capable  of
higher  yields,  both  in  volume  and  fat  content  than  the  others  breeds  in  India.
Actually,  it  is  the  most  numerous  breed  in  that  country.  Butirose  fat  content
ranges between 6.5 to 10.5%, with an average of 7.5; lactation yield (average 300
days) ranges from 1500 to more than 5000 liters, with production peaking by the
4th> lactation, and subsequently declining [29].

The Surti breed or Surati is present in the state of Gujarat, India. The Dhamrod
Farm, in the Surat district, milks 177 buffalo cows with an average yield of 1577
liters for 305-day lactations, with peaks of 2883 liters. Average individual yield is
5 liters, with peaks of 16.5 liters, in two milking sessions. Average butirose fat
content is 8% with a 6.5 to 11% range, which is standard for this breed.

The  Mehsana  breed  was  originated  70  years  ago  from  the  cross  of  Surti  and
Murrah.  It  is  present  in the north of  Gujurat,  India.  Estimate yield per  300-day
lactations is 1700 liters, with top herds achieving over 2800 liters and individual
yields  of  16  to  20  liters.  Butirose  fat  content  is  7%,  and  can  reach  8%  with
nutritional supplementation. In addition, there is an artificial insemination center
dedicated to  this  breed,  with  buffalo  bulls  whose dams produced 2800 to  4000
liters.

The  Jafarabadi  breed  was  originated  in  Gujarat,  India.  The  yield  in  this  breed
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ranges  from  1800  to  2700  liters  for  300-day  lactations,  with  high  fat  content.
University of Junagadh owns a 42-cow herd with reported individual yields over
5000 liters for 305-day lactations. It has been reported that one of the dams used
as founder for this herd, produced yields over 7000 liters [30].

In suburban areas of Pakistan, the Nili-Ravi breed has been reported to produce
2000  liters  (1700-2700  range)  for  305-day  lactations.  For  example,  Kuddo,  a
buffalo cow owned by a local farm, produced 5820 liters for an adjusted 305-day
lactation in its 3rd lactation. For the 4th lactation, yield was 5694 liters, with 6.6%
butirose  fat  [30].  The  Kundi  breed  is  very  important  also  in  that  country,  with
similar productions.

3. NUTRITION, REPRODUCTION AND SELECTION

Nutrition

The forage-based feeding management  of  the  dairy  buffalo  cow must  take into
consideration  the  digestive  characteristics  of  the  species.  Microbial  rumen
fermentation allows for the utilization of indigestible ingredients such as cellulose
and  the  transformation  of  non-protein  nitrogen  (such  as  urea).  It  is  therefore
extremely important to conduct forage laboratory analysis in order to determine
exact composition and then to accurately formulate rations according to category
requirements [31].

Roughage feedstuffs are characterized by their high fiber content, generally over
18% (grasses,  sugarcane,  silages,  etc.).  Concentrates  (fiber  content  under  18%)
can in turn be classified as energetic (less than 20% of dry matter;  corn, wheat
flour, citrus pulp, etc.) and protein concentrates (cottonseed meal, soybean meal).
The  term  forages  includes  a  wide  range  of  vegetative  material,  at  different
maturation stages. Therefore, although it  is a cheap and valuable ingredient,  its
nutritional variability represents an extra challenge when included in dairy rations.
Protein content of grasses range from 12 to 16% in early vegetative stage, these
protein  levels  drop  as  the  plant  ages  moving  through  blooming  and  seeding
phases, with protein contents in this stage ranging from 5 to 7%. Energy levels
follow the same trend. Total digestible nutrients (TDN) can be 60% of dry matter
in young plants and 45-50% in older ones. Mineral content is also reduced during
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the reproductive period. Volume and composition of pastures vary throughout the
year. It is important to implement optimal grazing strategies in order to maximize
nutrient utilization and allow vigorous regrowth of plants.

Due to characteristics of their digestive physiology, buffalo cows (when compared
to  other  ruminants  such  as  sheep),  are  capable  of  higher  digestive  utilization
coefficient  with  70%  roughage  diets,  particularly  in  the  fibrous  fraction
breakdown  and  absorption.  This  competitive  advantage  of  buffaloes  tends  to
disappear when diets have lower fiber contents. In the center and southern regions
of Brazil, calvings concentrate mostly around the end of summer and beginnings
of fall, coinciding with the highest natural forage offer and allowing animals to
reach  parturition  with  a  good  body  condition  and  body  reserves  (over
conditioned). Animals that calve around this period still have 30-60 days of good
quality  forage  supply.  This  in  turn,  translates  in  shortened  calving-conception
intervals and high fertility rates. It also allows the cow to undergo the catabolic
phase  of  lactation  with  adequate  body  stores  available  for  mobilization  in
response  to  heightened  nutritional  demand  due  to  high  milk  output.  It  must  be
noted  that  this  period  also  coincides  with  a  depression  in  dry  matter  intake
(usually  50-60  days  post-partum)  [31].

Concentrate ratios generally used in dairy buffalo cow nutrition, are formulated to
guarantee  an  adequate  level  of  fiber  to  stimulate  saliva  production,  acetic  acid
production with good ruminal function and ultimately good fat content in milk.
This fat content varies according to the stage of lactation; when faced with dietary
restriction,  the  animal  will  compensate  by  modifying  fat  content  and  reducing
milk output. Nutritionally-restricted animals mobilize their body fat stores, this fat
metabolism  translate  in  release  of  NEFAs  (non-esterified  fatty  acids)  which  in
turn, increase milk acidity (Dornic) and elevate cryoscopy (similar to a water:milk
mixture).  These  transient  conditions  are  normalized  as  soon  as  nutritional
requirements are again met. Dry matter intake in dairy buffalo cows is variable,
ranging from 2.2 to 3.4% of body weight (14.3 to 22.1 kg dry matter/day). The
lactating buffalo cow feeding is based according to the milk production volume
[31].

Compared to average animals, genetically superior buffalo cows mobilize higher
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proportions of the body reserves accumulated during the dry period and lose more
weight during the first 60 days of lactation (catabolic phase). The decrease of live
weight  in  the  catabolic  phase  and  ingest  during  the  anabolic  phase  (in  the  210
following days)  of  the  buffalo  cows of  lower  production,  will  always be lower
compared to more productive animals. When comparing the average composition
of Brachiaria decumbens sp. grass with the nutritional requirements of a buffalo
cow producing 1900 liters of standardized milk with 7% fat and 4.2% protein in
270-day lactations, it can be observed that the amount of total digestible nutrients
(TDN) barely covers animal requirements after the 7th month of lactation and that
protein content is completely inadequate. This explains, in part, the low average
production  levels  reported  in  Brazil  (1714 liters),  and  also  shortened lactations
and lower fat and protein contents for animals fed exclusively on grasses in that
country.  Consequently,  it  is  necessary  to  adopt  nutritional  supplementation  to
optimize  production  and  achieve  higher  reproductive  efficiency.  This
supplementation must be introduced carefully into the diets by allowing animals
ration adaptation periods and continuously monitoring body condition, weight and
milk yield [31].

In Potenza, Basilicata Region, Italy, a study was conducted to analyze the effect
of  diets  adapted  to  range  conditions  (without  irrigation)  on  milk  production  of
dairy buffalo cows. Sixteen multiparous milking buffalo cows were allocated into
two  groups  according  to  calving,  lactation  stage  and  milk  production.  Diets
consisted  of  corn  silage  for  group  one  and  sorghum  silage  for  the  other;  diet
formulation  was  isocaloric  and  isoenergetic  for  both  groups.  Monthly  milk
records for production and quality were analyzed for a 5-month production period.
There  was  no  significant  effect  of  diet  composition  on  milk  production,
composition  and  coagulation  parameters.  Although  not  statistically  significant,
milk yield was higher for sorghum silage (8.78 vs. 8.03 kg) whereas fat content
and protein content were higher for corn silage diets (8.74 vs 8.47% and 4.98 vs
4.78%, respectively). Results showed that sorghum diet does not have an effect on
milk yield or quality, and it can be used in dairy buffaloes [32].

In India,  the NDRI (National  Dairy Research Institute)  in  Karnal  conducted an
experiment  for  a  period  of  12  weeks  on  two  multiparous  Murrah  buffalo  cow
groups with two feeding schemes where CLA content were measured. The first



Buffalo Dairy Production: A Review The Buffalo (Bubalus bubalis) - Production and Research   239

group was fed with fresh Alexandria clover forage ad libitum and wheat straw.
The  second  group  was  fed  with  a  concentrate  mix  plus  wheat  straw,  also  ad
libitum. Total CLA content was 16.38 mg/g of fat for the first group and 6.78 for
the second, indicating an increase in CLA content for animals fed fresh forages of
141.59% [33].

Nutrient requirements of a dairy buffalo cow are similar to dairy cattle, although
the amount of cellulose consumed by the buffalo cow is much higher. Urban dairy
farms in India feed their animals with straw, sorghum stubble and concentrates. In
some cases, alfalfa may be used as concentrate replacement. Reduced concentrate
levels  (0.3  kg/liter  of  milk)  fed  in  a  field  trial  in  India  resulted  in  profitable
margins.  Military-owned  farms  in  Pakistan  feed  54  kg  forage  (sorghum,  green
corn,  clovers,  alfalfa,  chopped  green  oats)  along  with  4-6  kg  straw  and
concentrate mix. A typical concentrate mix consists of 20 parts of cottonseed, 1
part of wheatbran or corn and grass. A typical maintenance ration would be 1.8 –
2.7 kg concentrate mix and the production ration of 1 kg per each 3 kg of milk
produced.  A  ration  of  35-40  kg  of  Pará  grass  or  Guinea  grass  plus  1-2  kg
molasses, 1-2 kg hay or straw and adequate mineral supplementation should allow
a buffalo cow to produce 1200-1600 liters per lactation.

In the buffalo cow, the dry period lasts about 4 months. Nutrition during the dry
period should cover, in addition to maintenance, requirements for the last third of
gestation. During this period, an energy level of 0.65 Mcal/kg dry matter and a
protein level of 10.5% is advised [34]. Furthermore, animals should be fed fresh
forages of good quality,  hay and 15% dry matter should be offered, along with
concentrates. The diet during this period is characterized by its low fermentation
rates.  After  calving,  animal  requirements  change  with  diets  having  larger
proportions  of  non-structural  carbohydrates  and  protein.  The  latest  nutritional
trends indicate that rations could be modified 3 weeks prior to calving, with the
buffalo cows close to parturition being fed energy levels of at least 0.90 Mcal/kg
dry  matter,  reduced  proportions  of  structural  carbohydrates  in  favor  of  non-
structural  carbohydrates  and  protein  levels  of  13%.

Access  to  mineral  supplements  and  adequate  water  are  good  management
practices that translate into sustained milk productions. The distance animals have
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to walk to the milking parlor is also an important factor to consider; it should not
be excessive or with excessive slopes since in both cases the animal will waste
energy that would otherwise be directed to milk. Buffalo cows that are pasture-fed
should receive 15-20% more energy in order to maintain production.

Studies conducted in dairy herds in India (Karnal Institute) and Bulgaria (Shumen
Institute), give indication that buffalo conversion rate (utilization of fiber, protein,
ether extract,  calcium and phosphorus) is  more efficient than cattle.  In October
2007, H. Koskamp introduced 47 buffaloes (weaned heifers) into Canada from the
U.S. (bought to Hugh Popenoe, Florida State). These animals, along with the 47
owned by Darrel and his wife Anthea Archer, increased by 100% the population.
But  in  2009  Frank  Aballe,  from  Toronto  imported  for  milk  production  700
buffaloes  from the  US;  and  again  Hoskamp imported  200 more  from the  same
country. Actually, Canadian buffalo population is more than 1000 heads. Biofuels
are driving up the cost  of grains,  and buffaloes are expected to give new air  in
dairy production, due to their ability to convert roughage into milk. The buffalo
cow is the future of dairy industry [34].

In  Paineiras  da  Ingaí  Farm  (Sao  Paulo,  Brazil),  daily  production  increased
between 30 to 35% with the introduction of a 2nd milking session. Yield (volume)
is distributed such as 60-65% is obtained in the morning session of milking and
35-40%  in  the  afternoon,  with  total  production  improving  with  good  care  to
nutrition. In this study, working groups of 40 buffalo cows and one buffalo bull
were kept on forage/cane based-diets. Dams had access to adequate amounts of
processed roughage, mainly Cameroon grass, Tobiatä grass and sugar cane. Soy
milk  (500  g/animal/day  or  4  liters)  was  used  strategically  to  correct  protein
contents and enhance voluntary intake and when available, brewer’s grains were
offered. This feeding scheme resulted in an average production increase of 50%,
and when combined with the 35% increase obtained from the introduction of a 2nd

milking session, a total increase of 100% of milk yield was reported [35].

Examples of Nutritional Management Strategies in Several Regions/Continents

The Castanha Grande Ranch, in Sao Luiz do Quintude, Alagoas State, northern
Brazil, is dedicated to buffalo milk production, with and intensive system of high
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animal  loading  per  hectare.  Voisin  rotational  grazing  is  conducted  over
Brachiaria  humidicola  sp.  (in  the  hills)  and  Tanner  Grass  (in  the  swamp
lowlands).  Supplementation  is  based  on  sugar  cane,  molasses  and  urea  or
sugarcane  cake.  Dehorning,  which  facilitates  animal  handling  and  promotes
docility, is performed using rubber ties with horns falling after 25 days (or lately
using a special  dehorning instrument designed by Alberto Couto).  Buffalo cow
producing  up  to  8  liters  are  milked  once  daily,  8-16  liter-producers  are  milked
twice daily and those producing over 16 liters are milked three times a day. All
milkings are done in the absence of  calves,  in  clean and sanitary environments
with  experienced  handlers.  Animals  in  lactation  are  fed  concentrates,  freshly
chopped grasses and are allowed nearby discretional grazing. Calves are allowed
24-48 h interaction with the dam, to ensure adequate colostrum intake. They are
then  moved  to  intensive  calf  raising  systems.  Animals  are  dehorned  and
dewormed routinely starting at 10-15 days of age. At Castanha Grande, in order to
stimulate milk let-down, buffalo calves are allowed periodic contact with the dam
using especially-designed pens [36].

The  Laguna  Farm,  in  Paracurú,  Ceará  State,  Brasil,  produces  1200  liters/day.
Their system utilizes 12 - 13000 kg of industrial Cajunut residue monthly. Mating
out of season is done in order to be able to fulfill demand during peak months,
with less demand in the summer months. They perform two-milking sessions/day,
with  a  daily  average  of  6.5  liters.  Reproductive  efficiency  is  87.8%;  lactation
length is 294 days with average production of 2254 liters/lactation. One of their
best  cows,  Luva,  born  in  1989 produced  13  calves  in  her  lifespan.  It  produced
3023 liters/lactation, with peaks of 17 liters/day and a daily average of 7.23 liters.
It has, so far, produced over 27300 liters, and now has reached adult body weight
of  785  kg  (9  years,  4  months  of  age).  This  farm,  along  with  Ingaí  Farm  (Sao
Paulo), owns some of best Murrah genetics in Brazil. The sandy-type soils of the
region require  that  all  forages be produced with irrigation (36 wells  with 16 m
diameter,  pivot-type  systems)  and  fertilization  with  broiler  litter  and  buffalo
manure (this allows an increase from 0 to 36 ppm phosphorus). Sugar cane is also
chopped and fed to buffalo cows as nutritional supplement during the 7-month dry
season (total rainfall concentrates between the months of April to June). Napier
Grass (Elephant Grass) and Tanner Grass are also available for rotational grazing
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[36].

The Terecay Ranch, located southwest of the State of Guárico in the heart of the
Venezuelan  plains,  is  an  example  of  semi-intensive  system.  Average  annual
rainfall  is  approximately  1512  mm,  concentrated  between  May  to  September,
average temperature is 26ºC with 75% relative humidity. About one half of the
land  is  low,  swampy-type.  The  milking  buffalo  cows  are  kept  in  semi-
confinement, with access to pasture for 8 h/day. Animals are also supplemented
with  concentrates  and  hay  during  the  night.  Forages  consist  of  Tanner  Grass,
German  Grass  (Echinochloa  polystachia  sp.)  and  composite  pastures  with
Digitaria  sp.  and  Centrosema  sp.  Dairy  buffalo  cows  are  fed  2  kg  concentrate
during milking. Dry buffalo cows are kept in native pastures (savanna) with no
additional supplementation. They have 200 milking animals, with a total of over
300 heads. Lactations average 245 days, from August to March, with production
peaks in October, November, December and January. Average milk production is
6.9  liters/day  or  1725  kg/lactation,  in  two  daily  milking  sessions.  Animals  are
placed  in  production  according  to  calving  date  and  pregnancy  status.  Milking
parlor  has  20  milking  stalls,  with  two  parallel  working  trenches.  Oxytocin  is
administered strategically. In Terecay, gathering corrals are fitted with sprinklers.
Newborn buffalo calves are routinely tattooed at birth and allowed to stay 7 days
with the dam. They are then moved to the calf rearing areas, where they are kept
with nannies and allowed to suckle until they are 6 months of age. Nanny buffalo
cows are fed the same ration as milking buffalo cows [36].

The southern region of Maracaibo Lake, Venezuela is being transformed into an
extraordinary dairy region with a population of about 50000 dairy buffaloes. The
region is situated 150 m above sea level, with average temperatures of 26-28º C
year round (min 24º C, max 36º C) and about 2000 mm rainfall throughout the
year. Most rainfall occurs during winter although the summer season cannot be
considered dry, with sporadic rainfall in October, November, and December. La
Fortuna  Ranch,  has  a  total  of  1700  ha  situated  in  El  Vigía,  Mérida  State,
Venezuela  [36].  The  farm  has  1000  dairy  buffalo  cows  and  11  vaqueras  or
milking  parlors,  5  of  which  are  mechanized.  Buffalo  graze  Tanner  Grass  and
produce  about  6-7  liters/day,  with  mineral  supplementation  and  without  the
addition of any concentrates. The price for buffalo milk is about 40% higher than
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cattle milk. Mortality rate is around 14% for newborn vaccine calves and 1.5% for
buffalo calves (higher cost with cattle). Parturitions are concentrated around the
months of August to March, although the farm is moving towards an out of season
mating  strategic  plan.  El  Porvenir  Ranch  (Ronmer  Urdaneta,  2008),  owned  by
Agropecuaria San Rafael, in the same southern lake region (in La Fría, Táchira
State)  consists  of  a mixed bubaline and vaccine dairy farm operation.  The area
receives about 2100 mm annual rainfall, evenly distributed throughout the year.
Cows  are  allowed  once  per  day  to  graze  1  ha/head,  whereas  buffalo  cows  are
allowed twice per day to graze 2 hectares/head, mostly Tanner Grass. Lowlands
are covered with Carrizo (Himenea amplexicauli  sp.) and Chimenea (Paspalum
fasciculatum sp.). Currently, the farm owns 1050 buffaloes (300 dry buffalo cows,
200 milking, 189 fattening steers), with very low mortality rates (4 buffalo cows
and 4 buffalo calves in 2007). Currently, they milk buffalo cows with calf present.
Buffalo calves are allowed to suckle until they reach 6-7 months of age. Average
birth  weight  is  38-40  kg  and  160-180  kg  at  weaning.  Average  daily  milk
production  is  6-7  lt.,  with  peaks  of  15-16  lt.  The  Agua  Clara  Ranch,  in  La
Plantada, Córdoba Department, northeast of Colombia, (36) has an area of 3000
ha  with  3900  buffalo  heads.  An  area  of  1200  ha,  consisting  of  highlands  with
available pastures of Brachiaria humidícola sp., is used for buffalo cows during
mating, reaching a 40-60% pregnancy rate. The remaining 1800 ha are lowland,
natural pastures with good protein content levels. These lowland pastures are used
to  keep  milking  buffalo  cows  and  second  mating  buffalo.  They  currently  have
1000  buffalo  cows  in  milking,  producing  an  average  4  liters/day.  The  farm  is
divided  in  pens  of  30-40  ha,  each  with  its  own  water  supply.  Animals  are
supplemented  with  minerals  and  weight  and  individual  production  records  are
routinely kept [36].

In  the  year  2003,  the  Garofalo  family  owned  three  farms  in  the  province  of
Caserta,  Campania  Region,  Italy.  Average production is  2200 liters/animal  and
2000 liters/lactation. The farms produced 10,000 liters/day, with an average 8.5%
butirose fat, a cheese yield of 24 - 27% (extremely high) and a protein content of
4.8% - one of the highest in Italy. They own 1300 animals in milking (1200 adults
+  103  replacements).  In  total,  they  own  2500  dairy  animals,  and  in  order  to
expand their founder herd they decided not to sell any animal in the course of the
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year  2006.  For  a  buffalo  bull  to  be  selected  as  breeder  sire,  its  dam must  have
produced at least 3500 liters with high protein content. Milking sessions typically
last 5-8 min/animal, and very seldom last more than 15 min. Animals are grouped
according to their individual milking time requirements, in order to make milking
sessions  more  efficient.  One  of  their  farms,  located  in  Santo  Amaro,  has  650
buffalo  cows  in  milking  producing  2500  liters  during  a  270-day  lactation.
Individual production per animal averages 2100 liters, and this is a bit low due to
the fact animals tend to skip pregnancies due to de-seasonalization. Improvements
to the milking parlor, such as soaking ponds prior to milking area (renewing water
continually),  have  helped  in  reducing  mastitis  incidence  from  35  to  0%.  Daily
ration consists of 2 kg hay, 7-8 kg energy concentrate, 28 kg corn silage, 15 kg
chopped green forage (Rye Grass). In 2007 they had another farm, Sant’Agnello
Farm,  in  Caserta,  Campania  Region,  with  60  ha,  3  milking  parlors  and  2000
buffalo  head,  750  of  those  are  milking  buffalo  cows producing  a  total  of  7000
liters/day.  Buffalo  calf  pre-  and  post-  weaning  rearing  is  totally  automatized;
animals  are  fed  according  to  information  contained  in  implanted  microchips.
Initial  diets  consist  of  milk  consumption  8  times  daily;  this  frequency  is
progressively reduced over the following weeks until animals are weaned at 13
weeks of age. Mortality rate in this production system is around 3-5%. The farm
produces an average of 2650 liters for 270-day lactation. Each milking parlor has
herringbone design with 12 milking stations on each side (total of 24), animals are
managed with 1 operator every 100 animals. Animals are managed in groups of
48 in waiting area, with 24 entering the milking parlor at a given time; they are
fitted with pedometers to record individual productions, among other parameters.
Manure  is  managed  with  1.8%  slopes  and  two  daily  washings,  and  solids  are
systematically  separated.  Artificial  insemination  is  conducted  in  the  months  of
November,  December  and  January;  open  animals  are  subsequently  exposed  to
buffalo bulls in the following breeding cycle. Fifty-five percent of calvings occur
during  the  summer  months  (June  to  September)  and  the  remaining  45%  is
distributed throughout the rest of the year. De-seasonalization of animals (out of
season  breeding)  causes  losses  of  30%  of  parturitions  in  older  animals;  these
losses  are  reduced  to  20% with  young  buffalo  heifers  in  good  body  condition.
Average production per  lactation is  1800-1900 liters,  with peaks after  the third
month. On average, animals produce 7 calves in their productive lifespan (about
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12 years). Individuals that produce 3500 or more are left in the system until they
die  of  natural  causes,  others  are  culled.  This  farm  has  records  of  individuals
producing  over  4800  liters  [36].

Reproduction and Selection

Fifty years ago, the age at first service of buffalo heifers was 26 to 30 months, due
to inadequate nutrition during the growth period. Today, with adequate nutrition,
animals can be bred at 15 months of age although in natural range conditions it is
preferred  to  wait  until  they  are  22  to  24  months  of  age  in  order  to  allow  for
complete body development. Because of their longevity (buffaloes can live up to
30 years or even more) animals normally do not reach full body size until 4 years
of age. According to several authors, gestation period in buffalo lasts 306 to 316
days and is not influenced by nutrition or offspring gender, although nutrition has
been shown to affect calving interval [27, 37].

Mating or AI in the low breeding season is mostly done with 1st breeding heifers.
Buffalo sires are often withdrawn from herds, so that there will be open animals to
be  bred  in  the  spring-summer  season.  According  to  Borghese,  out  of  mating
season has been a major contribution to buffalo breeders because there is a higher
monetary  value  of  summer  milk.  This  price  difference  in  the  value  of  milk
compensates  the  losses  due  to  lower  fertility  (about  30%).  Breeders  who  have
milk  available  during  summer  months,  not  only  have  higher  income but  also  a
market  presence  year-round.  In  1997,  Zicarelli  reported  that  already  70%  of
buffalo  herds  in  Italy  were  part  of  the  out  of  mating  season  protocol  [38].
Borghese suggested that the ideal proportion of breeding would be 30% in the fall
(high  breeding  season)  and  70%  in  the  spring.  This  is  a  difficult  goal  because
buffalo cows naturally tend to go back to their natural breeding season after 2 to 3
years, by prolonging the calving interval. Successive studies demonstrated that the
fertility losses could be reduced to 15% using only first mating heifers during the
low breeding season (spring) [5].

In the early 60’s,  buffalo dairy production in India,  Pakistan,  Azerbaijan,  Italy,
Bulgaria, Brazil, and other countries was a low-technology, rural setting activity
characterized by inadequate  nutrition.  Even genetically  superior  animals  would



246   The Buffalo (Bubalus bubalis) - Production and Research Zava and Sansinena

have low production levels, ending up with low body condition and mobilizing
energy  stores  in  order  to  meet  milk  production  requirements.  This,  in  turn,
resulted  in  shortened  lactations  that  made  buffalo  dairy  production  anti-
economical.  In  the  same  years,  bubaline  dairy  production  witnessed  a
technological  revolution  (in  India  called  the  white  revolution),  that  combined
improvements in management, animal genetic selection and nutrition. Although
intrinsic differences among countries persist to date, this technological step-up has
translated  into  increased  yields  and  better  economic  results,  showing  the  great
genetic capacity of the buffalo.

In  Italy,  after  2001  and  despite  an  overall  milk  yield  increase  per  farm,  the
industrial yield in terms of cheese production decreased slightly, giving indication
that sire selection was done mainly in order to increase milk production and at the
same  time  neglecting  other  important  parameters;  this  trend  is  now  being
corrected [39]. Currently, genetic improvement in the Italian Mediterranean breed
is conducted by selecting individuals based on Kilograms of Mozzarella Cheese
(KMC). This parameter helps in identifying superior animals, and is obtained by
multiplying milk production/lactation times the estimated cheese yield. Industrial
yield is obtained applying Altiero’s formula: Mozzarella cheese yield = {[(3,5 x %
P in milk) + (1,25 x % F in milk)] – 0,088}. P stands for protein and F stands for
fat  content.  Using  this  approach,  milk  controls  now  combine  volume  with
chemical evaluation of samples:  a buffalo cow that produces 4000 liters with a
23% cheese yield is the same as one that produces 3500 with 26% cheese yield.
The study is still ongoing to evaluate a possible over-estimation of this formula on
cheese  yield.  In  addition  to  KMC,  genetic  selection  is  also  based  on
morphological  conformation  traits  such  as  udder,  leg  and  hoof  [28].

The breed is always important in the selection process. Repeatability of individual
attributes  is  directly  related  to  herd  homogeneity.  The selection  of  one  defined
breed is always a contributing factor to reach a major speed and robustness in the
genetic improvement process [35].

Aldes Farm, in Agropoli, Salerno (Campania Region), Italy, for instance, focuses
on the selection of replacement heifers with large frame and high milk production
yields. In order to accelerate selection results, this farm culls 80% of first-calving
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heifers with low production scores (under 3000 liters), which are sold as dams.
Only  the  best  10  animals  remain  in  the  system.  If  any  of  the  remaining  10
produces more than 4000 liters, they will be dams of future superior bulls for the
farm. Programmed mating favors intensive inbreeding, enhancing bloodlines with
correct  morphology  and  higher  production  levels.  To  this  date,  they  have  12
buffalo  cows  considered  capostipite  or  founder  dams,  all  of  them  excellent
producers  and  head  of  one  line-breeding.  Some  of  them  are  dams  of  over  30
heifers,  which are now in the production system, including a total  of 150 dairy
buffalo cows. Production decreases after the 4th lactation. Animals are routinely
culled  on  the  7th  lactation  unless  they  become  champions  (award-winning
individuals). Those animals that are culled are sent directly to slaughter, to avoid
other producers taking advantage of their genetics. The farm is on the lookout for
potential problems derived from highly inbred animals. As soon as these problems
are  detected,  the  animals  are  not  allowed  to  breed  anymore  and  immediately
culled.  The  highest  producers  (4200  liters  or  more)  are  mated  in  the  natural
season, which is normal, spontaneous and natural for them, in order to increase
the milk production as much as possible, and in that way expressing their genetic
capacity, allowing the necessary decisions.

Selection  criteria:  in  a  judging contest  hosted  in  2005 by the  Bellelli  farm,  the
following  desirable  female  morphological  traits  were  proposed  by  the  ANASB
(Italian Buffalo Breeders Association):

Good hock and hoof conformation.●

Good  udder  conformation:  correct  plane  of  the  udder  in  relation  to  the  hock,●

good anterior and posterior insertions, and quarter development.
Adequate  bone  structure:  correct  dorsal  line,  good  rump  development●

(hindquarter) and overall harmonious conformation.
Body width (amplitude) and depth (thoracic capacity).●

Milking attributes: a thin skin, femininity, good general conformation (a good●

design for dairy), flattened bones with acute angles.

The  udder  must  be  well  developed,  with  the  four  quarters  properly  framed
(equidistant  teats).  Teats  must  be  relatively  long,  flexible  and  easy  to  handle.
Veins  should  be  well  marked.  In  addition,  good  hindquarter  development  and
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proper  udder  placement  (high  up,  near  the  vulva)  are  desirable,  since  it  is
estimated that 60% of total milk is produced by the caudal quarters of the udder
[40].

In  the  IIIrd  National  Show  of  Italian  Mediterranean  Buffalo,  the  Judge  Dr.
Massimo  Neri  applied  the  selection  and  conformation  criteria  from  the  Italian
Buffalo Breeders Association (ANASB), consisting on a scoring system. In order
to rank female conformation, the following traits with their respective scores were
considered:

TRAIT % OF TOTAL SCORE

Udder 40

Body capacity 10

Dairiness (dairy characteristics) 20

Structure 10

Hooves and legs (spur) 20

In order to rank productive ability, the following traits with their respective scores
were considered:

TRAIT % OF TOTAL SCORE

Protein index (%) 35

Fat index (%) 5

kg of milk index 15

Accuracy 15

Age 15

Ranking in its class 15

It is known that the value of mozzarella cheese can be affected by somatic cell
count  due  to  changes  in  the  milk  constituents.  Somatic  cell  count  is  used  as  a
marker for milk quality because it allows for the diagnosis of sub-clinical mastitis
and the selection of mastitis-resistant individuals.

The estimated heritability of milk production trait suggests that this characteristic
would improve with the implementation of selection programs. The age at  first
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calving and interval between 1st  and 2nd  calving traits have low heritability, and
therefore would not respond well to selection [41].

In buffalo,  the heritability of milk yield ranges from 0.11 to 0.38,  according to
several authors.  Lactation period (number of days) is of even lower heritability
than milk yield, whereas heritability in growth and body weight is higher.

Other values obtained for cattle can be used for orientation purposes:

TRAIT HERITABILITY

Birth weight 0.36

Weaning weight 0.26

Mature weight 0.28
Source: GPS, FAGB, 2010 [42].

The  predictive  value  of  lactation  milk  yield  for  buffalo  sire  selection  (progeny
test)  was studied by analyzing first  lactation milk yield of  685 heifer  buffaloes
(from  65  sires).  Genetic  correlation  of  monthly  production  and  cumulative
production for 305-day lactations was found to be close to one. This indicated that
milk yield by the 4th month of lactation could be used as a tool to evaluate sires
through progeny testing. This allows shortening generation intervals, increasing
annual  progress  rates  and  reducing  the  cost  of  progeny  testing  of  buffalo  sires
[43].

Because the buffalo is a species with little selection for milk yield, there is large
variability between individual productions. This helps the application of selection
programs  to  increase  heard  average  milk  yield  through  the  culling  of  the  less
productive  individuals  and  the  replacement  with  the  descendants  of  more
productive  animals.

In  the  year  2000,  ICAR  (International  Committee  for  Animal  Recording)
sponsored a technical meeting in Slovenia in order to establish and standardize
buffalo registries (genetic improvement programs and data registering). Some of
the  recommendations  from  the  meeting  were  as  follows:  i)  to  achieve  the
knowledge of milk production at the individual herd, regional and national levels;
ii) to provide information to producers to aid in their breeding strategies; iii) to
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make information available for national policy formulation; iiii)  to focus initial
efforts on large herds where owners understand the benefits of production control
and the utilization of the information for their exploitation planning; v) to initiate
collection of available, easy-access records such as breeding records, calving and
fat content; vi) to publish information periodically so that producers can compare
their  performances  and  to  standardize  formulae  used  in  milk  production
calculations,  and  to  centralize  data  collection  processing  and  keeping  [44].

4.  LACTATION:  SEXUAL  MATURITY,  GESTATION,  CALVING
INTERVAL,  UDDER  PHYSIOLOGY,  DAYS  IN  LACTATION  AND
PRODUCTION  BY  AGE  GROUP

Planned selection has resulted in improved udder development and conformation,
with quarters better adapted to mechanical milking. Buffalo cow milking tends to
be a slower process than cattle, and this makes the milking nozzles to climb up the
nipple. To circumvent this problem it is necessary to compensate with some kind
of central weighing system. Recently, some milking systems specifically designed
for buffalo have been introduced in the market.

In spite of their aspect and reputation, with good management, buffalo cows  are
highly tame and docile. Paineiras da Ingaí Farm works with groups of 5 untied
buffalo cows in the parlor, without supplementation. Milking times average 14-17
minutes and total-milking times for 60-65 cows is about 3.5 hours. Average milk
production is 8-9 liters, calves are allowed to suckle from the two quarters until 30
days of age, and then reduced to one until 3 months of age [45].

Buffalo  calf  suckling  has  traditionally  been  used  in  order  to  stimulate  milk
letdown  in  buffalo  cow.  Mammary  gland  output  is  the  result  of  a  complex
stimulatory process between calf and dam; nipples are extensively innervated and
have  numerous  receptors  sensitive  to  touch,  pressure  and  temperature.  This
stimulus is transmitted to the pituitary gland causing oxytocin release, which in
turn  is  responsible  for  milk  letdown  through  contraction  of  mioepithelial  cells
around the secretory tissue of the udder [6].

Routine parlor handling, including washing and disinfection of the udder, can also
stimulate  milk  letdown.  This  aspect  is  extremely  important  in  buffalo,  since
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animals tend to be submerged in unsanitary water of ponds [27]. In Salerno, Italy,
animals are fed concentrates prior to milking in order to stimulate milk letdown,
although 3-4% animals withhold milk due to external negative stimuli or human
presence. Oxytocin injection is needed in about 5% of animals [6].

For the mechanical milking of dairy buffalo cows, traditional milking machines
(for  cattle)  have  been  used.  Because  dairy  buffalo  cows  are  considered  slow
milkers,  possibly  due  to  higher  sphincter  closing  strength,  vacuum  required  is
higher than in dairy cattle: 48-61 cm (mercury scale) vs. 40-50; with pulse ratios
1:2,3 – 1:4 compression. In Italy, it is estimated an average 7 minutes of milking
time  per  buffalo  cow,  taking  1.2  to  2.4  minutes  per  liter.  N.  Carvalho  (2007)
reported  the  following  guidelines  for  dairy  buffalo  cow:  38-41  mm Hg and  60
pulses/minute [46].

In cattle, 20-40% of secreted milk is stored in the mammary gland cistern at the
time of milking and the rest is located in the alveoli; in the buffalo cow the cistern
is considerably smaller and the milk is stored mainly in the alveoli (90-95%), due
to considerable less genetic improvement pressure, although cistern capacity can
be  improved by selection  due  to  the  high  heritability  of  the  trait.  Small  cistern
capacity and storage make complete emptying extremely important. According to
a study presented by De Laval, mechanical milking can be gradually implemented
in one-week period and achieve normal production levels. Being most of the milk
stored in alveoli,  equipment has been designed to keep a steady low flow until
reaching 200 ml/min, milking pressure is then increased and then reduced towards
the end of the milking cycle, in order to drain completely the udder. This milking
pattern has been designed, based on the specific lactation physiology of buffalo
cow [47].

Dairy buffalo cows must have good udder and legs conformation as well as good
maternal  ability.  Nipple  length  and  conformation  show  less  variability  in  the
Mediterranean  breed.  (6,3  a  8,5  cm  length),  whereas  variability  is  higher  in
Murrah breed: 60% of evaluated nipples range from 6 to 10 cm length. Overall
cistern storage volume is lower in bubaline than in cattle; in the Mediterranean
breed  cistern  capacity  ranges  from 75  to  220  cm3,  and  alveolar  tissue  between
3000 to 4000 cm3 [47]. Ten to 12 hours post-milking, 95% of milk is again stored
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in secretory tissue (alveoli). It is extremely important to ensure good milk ejection
and  complete  emptying  of  the  mammary  gland  in  buffalo  cow.  Inadequate  or
incomplete milking results in significant losses, due to autocrine inhibition of milk
secretion (alveoli deactivation) [48].

C.  S.  Thomas  studied  buffalo  cow  behavior  in  farms  with  automated  milking,
concentrate  supplementation  during  milking  routine  and  hydraulic  manure
cleaning. In a 24 h period, buffaloes spend 33% of their time laying down, resting
and chewing cud, 6% sleeping, 23% feeding and 38% in other activities (walking,
drinking, etc.). Buffaloes ruminate 5-8 hours daily, mostly during night-time [49].
When two milkings per day are done, ideally,  it  should be done 12 hours apart
although  this  is  not  feasible  in  practice.  In  this  case,  it  is  helpful  to  separate
animals  in groups,  this  allows the reduction in the milking frequency in highly
productive groups, and the increase in those that are not as productive [50].

The parlor facilities must obey to the requested hygienic conditions for both the
environment  and  instruments/utensils  used.  It  must  be  built  with  waterproof
flooring, without puddles, and with a slight slope, all suitable for automatic wash
and liquid runoff. Also walls must be waterproof. The area must be covered by a
roof,  and  with  an  abundant  clean  water  source,  far  from  roads  and  people
movements.  These  facilities  must  be  protected  from  winds  and  little  animals
(dogs,  chickens,  rats,  etc.).  After  every  milking,  the  parlor  must  be  washed,  in
order to remove manure and urine [50].

Good  milking  management  can  lead  to  a  production  increases  up  to  50%,
although this has to be achieved mainly through genetic improvement. It must be
noted that, compared to cattle, buffaloes have had fewer years and less resources
addressed  to  genetic  improvement.  This  aspect  makes  buffalo  cows  highly
dependent  on  the  presence  of  their  calves,  because  it  responds  to  a  natural
necessity  for  the  species  survival  [25].

In Castanha Grande Ranch,  after  calving,  the dam remains with the calf  for  24
hours, to promote udder development and to let calf suckling colostrum. They also
train animals to be milked without the presence of the calf since the first very days
following parturition. For this purpose, they use corrals to allow cow-calf contact
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and  interaction  without  allowing  the  calf  to  suckle.  The  dams  gradually  forget
their calves. They regularly use nannies on a rotational scheme: buffalo cows that
calve become nannies of their offspring plus one or two more. When the nannies
increase, those that have being doing the task for more time, return to the milking
group.  This  system  stimulates  greatly  mammary  gland  and  increases  milk
production. Buffalo calves are allowed to stay with nannies until 30 days of age.
Animals from 30 to 60 days of age are moved to artificial calf rearing for half day
(with concentrated and water ad libitum), and for the remaining part of the day
they return to the nannies. By two months of age, weight is about 70 kg, and they
change  to  a  rearing  system  with  a  minimum  intake  of  800  g  of  ration  and  as
animals have started chewing cud, they receive volume (pastures) [25].

The target in animal condition at calving should be 3-3.5 in a scale 1 to 5. Milking
starts  7  days  post-partum.  Initial  milking  products  could  still  have  colostrum
traces and is  therefore not destined to cheese manufacturing.  During those first
days after birth, calves consume reduced volume of milk and the residual could
remain in the alveoli. The natural physiological mechanism is that that stimulus
then  triggers  a  reduction  in  production.  It  is  therefore  of  utmost  importance  to
ensure  complete  emptying  of  the  mammary  gland  during  milking  during  that
period of time (either by mechanical milking or by introducing additional calves
to the buffalo cow), in order to avoid further reductions in production levels.

Animals  must  be  handled  gently,  without  stress  or  presence  of  dogs.  It  is
preferable to reduce walking distances under 1 km in order not to increase energy
demands. Animals must be washed and then wipe dried, prior to milking in order
to  provide  thermal  comfort  and  hygiene.  When  the  udder  if  full  of  milk,  the
buffalo  cow  feels  pain  in  the  gland,  and  after  milking  they  experience  a
comfortable condition. The dairy buffalo cow must be docile. Good environment
(quiet, calm) and a friendly relationship with the operator, including an interaction
between  them  (speaking  to  the  animals),  are  very  important.  Any  change  in
routine or people must be done carefully and gradually. High production buffalo
cows  are  just  as  susceptible  to  mastitis  as  their  cattle  counterparts.  Because
buffaloes like to lie in mud in order to regulate heat and because nipple sphincters
(in  the  high  production  dams)  tend  to  remain  open  for  a  period  of  time  after
milking,  these  animals  are  more  susceptible  to  environmental  mastitis.  A  good
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management approach is to offer concentrate after milking, to encourage animals
to remain standing while sphincters return to normal, contracted state [25].

Mammary  gland  physiology  determines  that  when  the  gland  is  empty,  milk
production  metabolism  is  at  its  peak.  Progressive  udder  filling  and  increase  in
internal pressure determine a reduction in the milk synthesis rate, until gradually
reaching an end. During milking, animals should remain calm, which is evidenced
by rumination activity, sleepy eyes, lowered head and ears and a generally relaxed
state [25].

These ethological observations are key in buffalo milk production. Handlers must
be patient and careful when interacting with animals. Buffaloes are very sensitive
to abrupt movements or physical abuse, and this is reflected in overall  lowered
performance. Gentle touch and positive reinforcement ease the animal´s anxiety,
and in order to encourage forward movement, the use of poles with visible flags
attached  to  the  end  are  recommended.  A  buffalo  under  stress  will  exhibit  the
following signs: eyes wide open, erect ears and pointed to the source of distress,
frequent  defecation  and/or  urination  and  absence  of  chewing.  Animals  under
extreme  stress  will  open  their  mouth  and  protrude  their  tongues  [51].  When
animals  are  reluctant  to  being  handled,  cleaned  or  attached  to  the  milking
equipment, sometimes they must be restrained by tying one of their legs. Animals
are moved to the dry group when production drops under 3 liters, or when they are
60 days from their calving date.

In  the  last  century,  in  countries  in  the  near  and  far  East,  lactations  tended  to
decrease  after  the  third  production  cycle  mainly  due  to  inadequate  nutrition,
deficient  herd  health  or  lack  of  sanitary  conditions.  Nowadays,  good  herd
management has resulted in steady production levels over seven cycles or more.
High production animals (5000 liters/lactation) are maintained in production for
about 12 years versus 18-20 years for lower production animals. These has to be
taken into account when conducting and economic analysis of the production, or
when  considering  management  or  selection  actions.  In  the  Animal  Production
Research Centre, Rome, Italy, Maimone et al. (1961) have applied a quite useful
measure of production persistence: comparison of the first 100 days of lactation
versus the second 100 [27]. The Ribeira Valley, Sao Paulo State, Brazil, has been
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evaluated the effect of season and number of calving on average milk production
and lactation persistence, and 1591 lactations (once daily milking, pasture based)
were  included  in  the  study.  Results  showed  that,  for  pasture-based  systems,
animals calving out of calving season exhibit lower production levels per lactation
but  higher  lactation  persistence;  and  females  in  first  calving  show  lower
productions  [37].  In  Peshawar,  Pakistan,  researchers  evaluated  the  inhibiting
effect  of  pregnancy  over  milk  production.  They  recorded  production  of  456
pregnant  and  179  open  buffalo  cows  over  a  48-week  period.  Milk  yield  of
pregnant animals significantly increased during the two months after calving, and
then decreased steadily at the 3rd month of gestation [52].

Artificial Calf Rearing

C. Bruna (2010) obtained encouraging results in Brazil using Sprayfo (a product
from Netherlands), which has also been used in cattle. These results represent a
significant improvement from local products with high soy contents that resulted
in high calf  mortality.  Manufacturer recommendation is 4 liters product/day, in
two  feedings  [53].  A.  Paske  (2010)  from  Brazil  also  recommends  Sprayfo  in
buffalo  calves,  allowing  them  to  suckle  colostrum  until  day  7,  followed  by
weaning and feeding 2 liters of buffalo milk combined with 2 liters of product.
Animals are switched to 4 liters of product plus forage by 35 days of age. Animals
are then switched to forage and concentrate diets by the age of 90 days. Under this
system, average weight gain at 90 days of age is 0.5 kg/day [54].

Artificial rearing of males calves can be unprofitable.  In order to lower rearing
costs, Bramaderos Ranch separates males a few days after they are born and feed
them colostrum and silage until 90 days of age. Then they are switched to corn
silage and fresh forage diet. Colostrum is fermented at room temperature (around
25° C) under dark conditions in 60-liter, vacuum-sealed plastic bags. Product can
be stored under these conditions for 30 days. In order to utilize it, it is first diluted
in water (2:1 water to silage ratio) and offered in feeding bunks. Animals, who
like this  food,  are weighted weekly,  and the expected weigh gain is  638 g/day.
Animals are fed colostrum until 90 days of age and 87 kg weight [55].
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Mastitis

Dairy buffalo cows are considered in general more resistant to disease than cattle,
although health management and prevention is similar. Mastitis has low incidence
in  buffalo  cows;  it  is  slightly  higher  in  animals  under  mechanical  milking.
Subclinical inflammation of the udder makes herd screening necessary [56 - 58].
Mastitis can have several origins: infectious, allergic or trauma [46]. Infection of
the mammary gland originates in the external environment and progresses through
the nipple canal of the infected quarter. Operator, sanitary conditions and milking
equipment are considered to be the main risk factors. External or internal trauma
is sometimes caused during suckling. Buffalo cow nipples are smaller than cattle.
And  their  sphincters  have  muscles  with  more  fibers  than  cows,  acting  as
protective  barrier  against  infections.  Intra-mammary  antibiotic  treatment  is
necessary  upon detection  of  infection,  and success  is  highly  dependent  of  total
removal of pathogen from the infected quarter [58]. Mastitis not only results in
lowered  production  levels  but  also  affects  negatively  milk  quality.  Milk  from
affected animals will have lowered fat, lactose, casein, calcium and phosphorus
and will have increased undesirable traits such as somatic cell,  salt,  fatty acids,
immunoglobulins, lipases and overall bacterial count [46, 57, 59].

Research conducted in Italy indicates levels up to 200,000 somatic cell count does
not  influence  milk  buffalo  coagulation,  levels  up  to  300,000  cells/ml  are
considered within normal range for mechanical milking [60]. Reports from Brazil
suggest variations of 8000 to 38,000 somatic cell count/ml in buffaloes milked by
hand, pasture-based and exposed to calf suckling [50].

Milk somatic cell count is primarily composed of leukocytes and mammary gland
epithelium.  The  number  of  these  cells  present  in  milk  indicates  inflammatory
response  of  the  mammary  gland  to  trauma,  inadequate  milking  procedures  or
mastitis;  this  count  tends  to  increase  towards  the  last  phase  of  lactation.

5.  MANAGEMENT  OF  ENVIRONMENTAL  FACTORS  AND  HEAT
STRESS

Proper management requires adequate nutrition, health, good sanitary conditions
and facilities (according to the weather conditions), trained personnel, a planned
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reproduction and genetic selection program, business management, etc. If one or
more  of  these  aspects  are  neglected,  all  efforts  applied  to  other  management
factors  are  rendered  null.  Severe  effects  due  to  hot  weather  environments  can
translate into heat stress in dairy buffalo cow. Increased feed intake necessary to
support  high  production  levels  results  in  increased  metabolic  heat.  When  air
temperature is higher than 32ºC, voluntary intake declines as well as milk output.
Anorexia is quite common in buffaloes subjected to heat stress. Rate of passage
through the digestive tract decreases when abomasal passage is reduced and milk
production drops abruptly, particularly in high-producing animals.

Good management of the dairy buffalo requires effective protection against direct
sunlight  for  at  least  part  of  the  day  during  the  summer  months,  with  either
facilities that allow complete water immersion of the animals (at least 20 min) or
water sprinkler systems [27]. When buffaloes are provided thermal comfort (water
sprinkler systems, ponds, mud holes or shade), it results in a significant increase
in  voluntary  feed  intake  [31].  Management  of  heat  stress  (reduced  rectal
temperatures and heart rate) will in turn result in increased milk yields. Females
with access to water-cooling have been shown to have higher pregnancy rates and
shorter  calving intervals.  When faced with low environmental  temperatures the
buffalo  cows  have  to  allocate  energy  to  keep  thermal  balance  and  thus  milk
production  is  hindered.

CONCLUSION

In Asia and Mediterranean countries, buffaloes have been utilized for centuries for
milk, meat and draft.  However,  it  wasn´t until  recently that the buffalo became
subject  of  scientific  research  and  government  promotion  policies.  Because
domestic  cattle  led  the  way  in  terms  of  genetic  selection  and  productive
management,  bubaline  producers  were  able  to  rely  on  previously  developed
technologies in order to advance buffalo production and performance. This in turn
paved  the  way  for  a  solid  buffalo  dairy  industry,  and  this  trend  is  now  being
followed by producers in the world.
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CHAPTER 10
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Abstract: This chapter covers a review of chemical composition and nutrient profile of
buffalo milk; several key physical properties (freezing point, surface tension, electric
conductivity and thermal stability) are described. Regional manufacturing, utilization
and marketing of buffalo milk by-products such as cheese, yogurt, ghee and others are
also described and step-by-step flow charts are presented.

Keywords:  Breeds,  Buffalo,  Buffalo  milk  by-products,  Chemical  composition,
Dairy.

1. INTRODUCTION

Products derived from fluid bubaline milk, such as butter and ricotta, frescal and
mozzarella  cheese,  have  outstanding  attributes  in  terms  of  product  quality  and
health benefits. Other products, such as fluid milk or ghee, have been adapted by
some countries  in  order  to  satisfy local  market  preferences  and specific  human
nutrition  demands.  In  all  cases,  fluid  buffalo  milk  and  its  by-products  provide
excellent nutrient profiles and unique attributes for human nutritional needs; this
translates into a wide range of products with high palatability, outstanding cheese
yield, and unique health benefits.
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2. BUFFALO MILK COMPOSITION AND NUTRIENT PROFILE

Buffalo cow milk quality is considered to be excellent due to its unique nutrient
profile.  It  is  an  excellent  source  of  protein,  vitamins,  minerals  and  other
constituents  and  it  provides  calories  in  countries  where  the  overall  supply  of
essential nutrients is deficient. Bubaline milk is higher in fat, protein, lactose and
total solids than milk from cattle (Fig. 1). Its fat content is 2.5 to 3 times higher
and it provides 40% more calories than its cattle counterpart [1].

Fig. (1). Average composition of buffalo milk [3].

Studies  conducted  in  Brazil  with  Murrah  breed  showed  that  buffalo  milk
composition  includes  conjugated  linoleic  acids  (CLA),  considered  as  anti-
carcinogen compounds and shown to have beneficial effects on health problems
such as obesity, arteriosclerosis and diabetes. This study also demonstrated that
supplemental feeding of raw soybean oil further increases CLA content in buffalo
milk [2].

Minerals (8 g)

Fat (75 g)

Protein (48 g)

Sugars       (47 g)

Water       (822 g)
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The main differences between bubaline and cattle milk are:

Higher butirose fat (107% more).●

Lower cholesterol (17 to 24% less).●

Higher protein (34% more).●

Higher lactose (19% more).●

Higher total solid content (48% more).●

Lower salts (Na, Cl, K).●

Higher overall nutrient values.●

Source [4].

Buffalo  cow  milk  is  defined  by  its  nutrient  profile;  this  facilitates  its  physico-
chemical and organoleptic identification. It has higher viscosity, curding strength
and  pH  [5].  It  has  characteristic  sensory  evaluation,  slightly  sweet  flavor  and
bright white color due to almost complete carotene absence in its fat fraction [3].
Buffalo  cow milk  differences  with  its  cattle  counterpart  are  present  also  in  the
colostrum.  Environmental  factors  such  as  climate  conditions,  nutrition,  breed,
management  and  lactation  period  influence  milk  composition.  Due  to  its  high
casein content, buffalo cow milk is more difficult to digest; in India it is common
to add 33% water when the milk is destined for human consumption [6].

Fig. (2). Comparative milk composition.

The comparative milk composition of cattle and buffalo are shown in Fig. (2) [7],

COMPOSITION                        BUFFALO COW MILK        COW MILK 

 

Water                                             84,5                                            87,5 

Dry extract                   16-22                                          11-13 

Lean extract                                   7-12                                            6-10 

Casein                                         2,8-4,2                                        2,6-3,0 

Fat                                               7,0-9,6                                        3,3-4,3 

Lactose                                        4,9-5,0                                        4,6-5,2 

Total protein                              4,0-4,6                                       3,0-3,8 

Ca (mg/100 g)                              180-240                                        120 

P (mg/100 g)                                120-140                                         65 

Ca/P                                                1.61                                           1.31 

Ash                                             0,75-0,85                                  0,80-0,90 

Acidity (°SH/50)                          4,2-5,0                                      3,3-3,5 

Density (15°C)                        1.031-1.034                               1.028-1.035 

pH                                                6,6-6,8                                       6,6-6,7 
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whereas changes in composition with lactation stage are shown in Fig. (3) [3].

Fig. (3). Changes in bubaline milk composition related to lactation stage.

Fat globules in buffalo cow milk are larger than in cattle counterpart. Therefore,
buffalo cow milk fat has higher density and fusion values, a higher saponification
and  Reickert  index;  its  butiro-refractometer  index,  Polenske  values  and  Iodine
values are lower (Fig. 4) [5].

Fig. (4). Bubaline milk fat analytic constants, compared to cattle milk.

Analyzing its nutritional value (Fig. 5), bubaline milk shows higher resistance to
damage due to oxidative conditions, and it is richer in butyric acid and long chain
fatty acids such as palmitic and stearic acids. It has higher content of unsaturated
fatty acids, and lower content of intermediate-length fatty acids (from C6 to C12).

 

Week No. Average milk yield Fat Protein Total solids Water 

 

1. (Colostrum) 

2 

4 

6 

8 

10 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

Kilograms (%) 

- 

9.06 

10.85 

10.61 

10.31 

9.75 

9.54 

9.25 

8.97 

7.48 

7.95 

7.59 

6.92 

6.55 

6.51 

6.18 

5.65 

5.39 

5.13 

- 

7.77 

6.74 

6.61 

6.30 

6.64 

7.11 

7.15 

7.22 

7.61 

8.01 

8.33 

8.68 

8.80 

8.90 

9.07 

9.10 

9.44 

9.70 

- 

5.58 

4.41 

3.95 

9.82 

9.79 

9.88 

9.93 

4.01 

4.16 

4.20 

4.30 

4.48 

4.50 

4.48 

4.61 

4.66 

4.61 

4.86 

- 

19.06 

17.26 

16.67 

16.23 

16.58 

16.94 

17.17 

17.22 

17.48 

18.07 

18.43 

18.84 

18.94 

19.02 

19.41 

19.63 

19.72 

20.42 

- 

80.94 

82.74 

83.33 

83.77 

83.42 

83.06 

82.83 

82.78 

82.52 

81.93 

81.57 

81.16 

81.06 

80.98 

80.59 

80.37 

80.28 

79.58 

 

CONSTANT BUFFALO MILK FAT COW MILK  

FAT 

Butiro-refractometer index 42.0 41.2 

Saponification value 230.1 227.3 

Reichert value 32.3 26.6 

Polenske value 1.4 1.7 

Kirchner value 28.5 22.1 

Iodine value 29.4 33.8 

Fusion point 32.0 – 43.5 28.5 – 41.0 
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Bubaline milk has higher total and colloidal calcium content, as well as iron and
phosphorus.  Usually,  bubaline  milk  has  more  cation  than  anion  concentration,
compared to vaccine milk [5].

Fig. (5). Nutritional values in large domestic ruminants.

Buffalo  cows  metabolize  all  nutritional  carotene  to  vitamin  A,  which  is  then
transferred  to  milk,  making  it  readily  accessible  to  the  neonate  [8].  A  study
conducted by Ezequiel Patiño, in UNNE (Corrientes University), Argentina, on
960 samples from 40 buffalo cows, described the physico-chemical description of
bubaline milk for pasture-based systems (Fig. 6) [3].

Fig. (6). Physico-chemical composition of buffalo cow milk in pasture-based systems.

NUTRIENT BUFFALO COW COW 

Fat (g) 6.9 3.3 

Protein (gm) 3.7 3.2 

Calcium (mg) 188 113 

Iron (mg) 0.1 0 

Phosphorus (mg) 117 97 

TRAIT MEAN SE 

Density (g/ml) 1,0307 0,0039 

Acidity (° Dornic) 19,65 2,96 

pH 6,71 0,16 

Total solids (%) 16,35 2,42 

Fat (%) 7,22 1,89 

Protein (%) 3,85 0,92 

Lactose (%) 4,49 0,24 

Ash (%) 0,83 0,08 
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Among all the characteristics studied, titratable acidity (19,65 +/-  2,96 ° Dornic)
was the trait that exhibited the most variability during lactations. Bubaline milk
has a  higher  value  of  titratable  acidity than cattle  milk due to its higher casein
content [3]; therefore, the threshold parameters used in the industry for cattle milk
in Argentina (13° to 18° Dornic) are not applicable to buffalo cow. The increase
in titratable  acidity  in  the  last  phase  of  lactation  coincides with a drop in milk  
output and with  an  increase  in  total  solids  due  to  this volume reduction and  
consequent protein concentration [3].

Milk acidity (ºD) = (4.5 x acidity expressed in ºSH)/2●

Milk acidity (ºSH) = (2 x acidity expressed in ºD)/4,5●

Fig. (7). Acidity, pH, density and cryoscopic characteristics of buffalo cow milk.

Normal acidity in Italian Mediterranean breed ranges from 7.0 to 7.8 ºSH (Fig. 7)
[3]. The factors affecting acidity values include a) presence of saprophyte bacteria
producing  lactic  acid  through  lactose  fermentation,  b)  conservation  of  milk  in

LACATION PERIOD (month) PHYSICO-CHEMICAL  

DETERMINATION 

 Acidity 

(ºD) 

pH Density Cryoscopy(ºH) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

20,9 

16,2 

17,1 

18,6 

18,9 

19,1 

18,6 

19,2 

19,6 

6,86 

6,97 

6,94 

6,91 

6,94 

6,94 

6,90 

9,88 

6,87 

1,0361 

1,0344 

1,0344 

1,0336 

1,0327 

1,0337 

1,0334 

1,0325 

1,0326 

- 0,573 

- 0,579 

- 0,580 

- 0,575 

- 0,580 

- 0,576 

- 0,577 

- 0,574 

- 0,577 

ºD = Dornic degrees; ºH = Hortvet degrees 

The milk used for mozzarella cheese manufacturing, must have a 2:1 fat protein
ratio,  a  minimum  fat  content  of  7.2%  and  a  low  value  of  titratable  acidity.
Titratable acidity values in Italian Mediterranean breed fluctuate during lactation
from 12.0 to 9.0 SHº (Soux-Henkel units/ 100 ml milk) during the first 25 days
after calving. Values start at 12.0 at the initiation of lactation, 10.0 by two weeks
and drop to 9.0 after 25 days. Conversion used to express acidity levels in º SH
and º Dormic (ºD) can be obtained using the following formulae [3]:
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dirty  refrigerators  and  slow  cooling,  c)  transport  in  dirty  containers  and  other
contaminants, d) long transportation periods, e) unsanitary milking procedures, f)
inadequate foodstuffs (too coarse, moldy or unbalanced mineral mixes) [9].

Colostrum is produced by the mammary gland during the early hours post-partum.
It has a significant higher total solids concentration compared to milk produced
during the rest of the lactation (Fig. 8). All milk major constituents, together with
the  minerals  (mainly  calcium,  phosphorus  and  potassium),  and  fat-soluble
vitamins, are present in bubaline colostrum in higher concentrations compared to
cattle. It also contains antibodies that protect young buffalo calf against infections
[3].  In  order  to  provide  adequate  immunity  to  the  calf,  it  is  recommended  to
ensure colostrum intake of at least 2 liters/calf, within 3-6 hours after birth [10].

Fig. (8). Mammary gland secretion during the first days after calving.

Buffalo cow milk has been shown to be a healthy nutrient for humans. It has 58%
more calcium, 35% more protein and 20% less cholesterol  than cow milk.  It  is
also  a  richer  source  of  iron,  phosphorus,  vitamin  A  and  natural  antioxidant
tocopherol.  Peroxidases  are  part  of  the  mammal´s  biological  defense  against
pathogens. And peroxidase activity in buffalo cow milk is 2-4 times higher than
cow milk.  Bubaline  milk  is  a  perfect  option  for  individuals  that  are  allergic  to
cattle  milk.  Larger  proportions  of  other  bio  protective  compounds  such  as,
immunoglobulins, lactoferrin, lysozyme, and lactoperoxidase make buffalo cow
milk an excellent choice for a wider range of healthy diets [8].

3.  CHEMICAL  CONSTITUENTS  AND  PHYSICAL  PROPERTIES  OF
BUFFALO MILK

3.1. Chemical Constituents

Major constituents of buffalo cow milk are those present in larger amounts: fat,
protein  and  lactose.  Minor  constituents  are  present  in  relatively  smaller

TOTAL MILK PERCENTUAL (%) 

Days after calving Fat Protein Total solids Lactose Vitamin A 

Day 1 9.55 9.59 26.6 7.54 1.837 

Day 7 7.61 5.55 18.9 4.41 0.280 
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proportions;  those  are  minerals,  vitamins,  non-protein  nitrogen  compounds,
pigments,  enzymes  and  others.  However,  these  minor  constituents  may  be  so
important as the major. Some of them have a fundamental nutritional role, namely
calcium, phosphorus and some vitamins (Fig. 9) [1].

Fig.  (9).  Average  values  and  variation  of  milk  constituents  obtained  from  24  buffalo  herds  of  Italian
Mediterranean breed.

Fat globules in buffalo cow milk not only contain a spectrum of triglycerides but
also small  amounts of liposoluble substances such as cholesterol,  vitamin A, D
and α-tocopherol.  The  high  fat  content  present  in  buffalo  cow milk  gives  it  its
unique flavor and makes it a particularly valuable commodity in India and other
countries where ghee, a type of clarified butter, is considered an important dairy
product. This clarified butter, produced over low heat has excellent conservation
properties without the need for refrigeration. In India, diluted buffalo cow milk for
human consumption is preferred over cow´s milk [1].

Although  similar,  proteins  in  bubaline  milk  are  not  identical  to  those  in  cattle.
Buffalo cow milk is higher in casein and serum albumins. Most bubaline casein
(98.4%) is present in the form of large micelles (80 a 250 mm vs 70 a 110 mm in
cattle). Buffalo cow milk has higher lactoferrin content. This glycoprotein plays a
key role in infant protection by inhibiting bacteria such as Escherichia coli  sp.,

CONSTITUENT OR PHYSICAL 

PROPERTY 

MEAN VALUE RANGE 

Specific gravity 1.031 1.029 – 1.033 

Fat (%) 8.5 7.1 – 9.6 

Total solids (%) 18.9 16.8 – 20.8 

Ash (%) 0.84 0.79 – 0.90 

pH 6.63 6.55 – 6.71 

Total nitrogen (%) 0.710 0.571 – 0.809 

Nitrogen-derivedcasein (%) 0.572 0.437 – 0.654 

Non-proeicnitrogen (%) 0.031 0.009 – 0.536 

Lactose (%) 4.6 4.0 – 5.1 

Calcium (%) 0.203 0.179 – 0.241 

Magnesium (%) 0.020 0.0126- 0.027 

Potasium (%) 0.139 0.085 – 0.187 

Sodium (%) 0.075 0.047 – 0.102 

Phosphorus (%) 0.129 0.118 – 0.139 

Chlorine (%) 0.065 0.056 - .084 

Citricacid (%) 0.219 0.158 – 0.290 

(%) = g / 100g milk 
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and also plays an important role in iron absorption [8].

Some of the minor constituents such as non-protein nitrogen (NPN) of the buffalo
cow  milk  have  no  major  incidence  in  human  nutrition.  NPNs  are  compounds
related to proteins without being real proteins although they are involved in some
protein reactions. Some NPN compounds are present as free amino acids in small
and variable quantities. Of these, tyrosine is present at a level of 46 mg/liter and
does not vary significantly with lactation period. When milk is stored, this value
tends to increase slowly, possibly due to enzymatic hydrolysis of protein (Ferrara
et al., 1964). Urea is an important compound, accounting for 40 to 50% of total
NPN. Other compounds exist in small quantities: creatine, creatinine, uric acid,
ammonia  and  those  hydro  soluble  vitamins  that  have  nitrogen.  Urea  nitrogen
represents  44.8  and  41.2%  of  total  NPN  in  the  cow  and  in  the  buffalo  cow,
respectively.  Creatinine  nitrogen  is  nearly  equal  in  cow  (11.7  mg/liter)  as
compared to buffalo cow (9.95 mg/liter) milk. Uric acid-derived nitrogen is 5.42
mg/liter in cattle and 1.9-2.4 mg/liter in buffalo cow, and 2.5 to 2.9 mg/liter for
cattle and bubaline ammonia-derived nitrogen. Some of these products are mostly
considered excreted rather  that  secreted products.  Although urea is  an excreted
product,  it  can  be  utilized  by  ruminants  as  a  source  of  nitrogen  by  microbial
conversion and further metabolized via saliva, food and bloodstream.

Enzymes  are  minor  constituents  of  milk;  two  of  them  have  commercial
significance in fluid milk: peroxidase and alkaline phosphatase. Buffalo cow milk
has two to four-fold higher peroxidase activity than cattle´s. The optimal pH for
enzymatic activity in buffalo cow milk is 7.0 (6.5 for cattle). Only 6 at 85º C are
needed for peroxidase inactivation [11]. Other minor constituents are the minerals,
including  macro  and  micro-nutrients.  Calcium,  very  important  for  human
consumption,  is  a  macronutrient  needed  for  adequate  bone  formation  during
growth  of  buffalo  calf,  and  is  needed  for  milk  coagulation  in  the  neonate´s
stomach.  It  is  also  industrially  important,  in  the  first  steps  of  cheese
manufacturing.  Under  similar  conditions,  bubaline  milk  coagulates  faster  than
cattle, even when diluted to double its volume [11]. Average calcium content of
buffalo cow milk is 0.18-0.20%, with considerable variations out of these values
towards the beginning and end of lactation, and in some animals [1].



Buffalo Milk Characteristics The Buffalo (Bubalus bubalis) - Production and Research   271

Phosphorus, also essential to bone and teeth formation is present in bubaline milk
as free phosphate, bound to other elements or in form of esterified casein or hydro
soluble  esterified  phosphate.  It  may  also  be  present  as  part  of  the  phosphatide
molecule, ionized or in its inorganic form. Although all of these fractions vary,
average phosphorus content in bubaline milk is 0.12 – 0.13% (versus 0.10-0.12 in
cattle)  [1].  Total  mineral  constituents  (total  ash)  are  approximately  0.79%  in
bubaline milk, versus 0.75% in cattle. Sodium, potassium and chlorine levels are
much  higher  in  cattle  than  bubaline  milk.  Lactose  content  is  higher  in  cattle´s
milk.

Regarding microelements, iron and copper are needed in red blood cell formation
as  well  as  for  other  tissues.  The  levels  of  these  elements  are  generally  low  in
bubaline milk and must be provided through supplementation to ensure adequate
growth of newborn calves. Other microelements are present in small quantities in
milk, usually combined or associated with one or more proteins.

Values obtained for buffalo cows in the middle of lactation, expressed in parts per
million, are shown in Fig. (10) [11]:

Fig. (10). Microelement profile of buffalo milk.

With the exception of aluminum, silicone and lead, all of the above elements are
considered  essential.  All  of  these  elements  are  high  during  the  first  month  of
lactation, progressively decline towards mid lactation and tend to slightly increase
by the end. Other minor constituents present in trace amounts but also considered
essential  nutrients  are  the  vitamins.  Most  vitamins  (vitamin  A,  Riboflavin,
Vitamin C, etc.), with the exception of tocopherol, carotene, and probably vitamin

ELEMENT VALUE (ppm) 

Iron   1.01 

Copper 0.22 

Zinc   2.39 

Aluminum   0.22 

Manganese 0.17 

Lead 0.16 

Molybdenum 0.022 

Silicone   0.21 
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B12,  are  found  in  lower  concentration  in  bubaline  milk  compared  to  cattle
counterpart.  The  content  of  vitamin  B  complex  for  buffalo  cow  milk  in  mid
lactation  has  been  reported  [11]:

Fig. (11). Vitamin profile of buffalo milk.

The most apparent visual difference between buffalo cow and cattle milk is the
yellowish color of the latter due to its higher carotene content. In bubaline milk,
vitamin A level  is  higher,  causing its  white color.  It  is  thought that  the buffalo
cow has  an  efficient  metabolic  mechanism that  prevents  pigments  to  appear  in
milk, whatever the carotene content of the diet may be [1]. Vitamin C (ascorbic
acid) content is higher in buffalo cow milk (Fig. 12) [11].

Fig. (12). Vitamin content reported for buffalo, domestic cattle and human milk.

Another  minor  component  of  bubaline  milk  is  citric  acid.  This  is  an  important
constituent because it is part of non-ionic calcium, which in turn plays a role in
curd  formation  (coagulation).  It  is  present  in  significant  amount,  but  values
reported by different groups of researchers vary; some indicate that buffalo cow
may have higher content than cattle, while others give indication of the opposite.
Values  reported  for  buffalo  cow  range  between  0.180  and  0.224%.  Colostrum
contains quite more citric acid than the milk produced in the middle of lactation.

VITAMIN CONTENT (mg/l) 

Thiamine (B1)  0.81 

Riboflavin (B2)  1.67 

Biotin  2.02 

B6 0.25 

Nicotinic acid   0.82 

Pantothenic acid  2.02 

B12  4.3 (ug/l) 

SPECIES VITAMIN C VALUE (mg/l) 

Buffalo  19.5 – 39.5 

Domestic cow 7.1 – 7.8 

Human 11.3 – 27.0 
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3.2. Physical Properties

Buffalo cow milk has a slightly sweet flavor; it is more viscous and whiter than
cattle milk due to the absence of carotene in its fat globules. Just as in dairy cow,
physical  properties  exhibit  less  variability  around  mid-lactation  compared  to
chemical  constituents.

Several  studies  have  reported  that  the  pH  of  fresh  bubaline  milk  show  great
variation among individual animals. In India, on fresh milk from Murrah buffalo
cows a pH values of 6.74 ± 0.08 (vs.  Cebu cattle 6.63 ± 0.08) was reported. In
Italy  an  average  pH  of  6.78  ±  0.03  for  fresh  milk  from  Italian  Mediterranean
buffalo cows was reported, with marked seasonal fluctuations of 6.73 in August
(summer) and 6.85 in December (winter). All values were higher in buffalo cow
milk.  Bubaline and cattle  milk tend to lose continuously carbon dioxide and to
slightly  increase  their  pH  overtime.  Subsequently,  pH  drops  due  to  acid  lactic
produced by bacterial activity. A mastitis-infected animal will exhibit elevated pH
values  (>7.0)  in  the  infected  quarter.  The  pH  of  fresh  bubaline  milk  does  not
appear to be linked to daily output, stage or number of lactation [1, 11].

Specific gravity is another physical constant of fresh bubaline milk. Average herd
values  are  between  1.030  and  1.032,  although  individual  animals  with  wider
ranges may be found (versus 1.029 to 1.033 in cows). Low values are generally
associated with higher fat percentages [1].

Freezing point of any biological fluid is found below freezing point of pure water.
Freezing point depression is still utilized as an indicator of dilution of milk with
water. Average freezing point for whole milk is almost the same for buffalo cow
and cattle, 0.544 ºC and 0.545 ºC, respectively. Colostrum has a higher depression
than milk (0.57 – 0.58 ºC). It is generally assumed that any bubaline or cattle milk
with a depression of 0.530 ºC or lower should be considered altered [1, 11].

Surface tension of fresh buffalo cow milk is similar to cattle, although values may
vary  due  to  measurement  techniques.  On  average,  bubaline  milk  is  48.74
dynes/cm and cattle 49.36. Surface tension is inversely affected by temperature
[1].
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Electric  conductivity  is affected by hydrochloric  acid  content;  this  component
 tends to increase in mastitis-affected quarters. Average value for healthy samples
 is 6.62 milimohs for buffalo cow and 6.69 for cattle [11].

Fluorescence:  When  subjected  to  ultraviolet  light,  cattle’s  milk  turns  canary
yellow color, whereas bubaline’s turns white. When milk is heated to its boiling
point, fluorescent color should not be affected. This color does change in milk that
has been adulterated or diluted with water [11].

Curding time: Under similar temperature and concentration conditions, bubaline
milk coagulates more rapidly than cattle; this coagulation time may be reduced by
adding hydrochloric  acid.  Noteworthy,  due to  its  high calcium content,  buffalo
cow  milk  stability  at  ambient  conditions  (Corrientes,  Argentina)  is  lower  than
cattle, with slower coagulation times [11].

4.  ELABORATION  OF  BUBALINE  CHEESE  AND  OTHER  BY-
PRODUCTS: DESCRIPTION OF MANUFACTURING PROCESS

4.1. Manufacturing Process of White, Bubauno and Yearling Buffalo Cheese
(Venezuela) [12]

●  FIRST STAGE (same process for all three cheese types)

Raw milk (5°C)

Heating (40°C)

Partial skimming

Polyvalent tank (36 -37 °C)

Addition of rennet (2.5 gr/100 l)

Agitation (5 minutes)

Coagulation (40-45 minutes)

Curdling
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Setting period (5 minutes)

Partial removal of whey (Flor de cuajada)

●  SECOND STAGE

White Cheese

Addition of salt (1.2% weigh: volume)

Place in cheese molds

Pressing

Storage

Marketing

Bubauno Cheese

Heat curd (50°C 10 minutes)

Place in wicker molds

Addition of salt (rubbing)

Maturation at 18°C, skin is rubbed with vegetable oil

Marketing

Yearling Cheese

Place in molds

Pressing

Salt addition in brine (24%)

Maturation at 18°C, skin is rubbed with coffee

Marketing
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4.2.  Manufacturing  Process  for  Hand-pulled  Cheese  (Mozzarella  and
Provolone) [12]

●  FIRST STAGE (same process for all cheese types)

Raw milk

Heating (38°C)

Coagulation starter (1%)

Addition of rennet (2.5 gr/100 l.)

Coagulation (50-60 min)

Curd cutting (size of a corn kernel)

Setting period (5 minutes)

Removal of whey

Curd kneading point

Dough kneading (in water at 85°C)

●  Second Stage

Mozzarella Cheese

Place in molds

Container with water (18°C)

Brine or sauce (salsetta)

Packaging

Storage and/or marketing
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Provolone Cheese

Place in molds

Brine

Maturation

Storage and/or marketing

4.3. Production of Criollo (Creole) Cheese (Brazil)

The  production  of  criollo  or  creole  cheese  (frescal  for  Brazil)  starts  with  milk
pasteurization. This can be accomplished by ultra-pasteurization (with the sheet
equipment), 72ºC for 18, or traditional pasteurization at 65ºC for 30’. Temperature
must then be lowered to 35ºC, fermentation agents must be added and after 20’
rennet must be added (80% pepsin and 20% chymosin). Separation into curd and
whey  should  be  noticeable  after  25-40’.  Curd  is  then  dislodged  manually  into
pieces no bigger than 1 cm3 (cubes). After this, 50% of whey is withdrawn and the
remainder curd plus whey are placed into molds, which are then turned and salted.
Product  is  packed  in  sealed  plastic  containers  (not  vacuum sealed)  and  kept  in
cold room for 24 h, after this period the product is ready to be consumed [13].

4.4. Provola Affumicata Cheese

In  Italy,  buffalo  milk  is  also  used  to  produce  provola  affumicata,  a  smoked
version of mozzarella with an increasing demand in the country. It is produced by
burning rice or other type of straw to produce smoke under milk containers, while
covering the top with a wet cloth in order to trap humidity [13].

4.5. Mozzarella di Bufala Campana

4.5.1. Definition

The  Italian  Buffalo  Breeders  Association  (ANASB:  Associazione  Nazionale
Allevatori  della  Specie  Bufalina)  defines  the  Mozzarella  di  Bufala  Campana
(meaning  from  the  entire  area  of  Campania  Region)  as  follows:  It  is  a  fresh
stretched and kneaded cheese, produced with milk from buffalo cows raised in the
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region  of  denomination  D.O.P.  (Protected  Denomination  of  Origin)  and  also
processed in dairy plants within the same Region. The product may have several
shapes and presentations that range from 10 to 800 gr. It has ivory color, a thin,
smooth crust of 1mm. It is composed of thin multi-layers, slightly elastic within
8-10 h post-threading and becoming softer overtime. It should have no holes and
must be produced without conservatives, inhibitors or coloring agents. It should
have  slight  runoff  of  creamy  whey  when  sliced;  scent  of  lactic  fermentation
should be noticeable. According to current Italian law, preparation of mozzarella
can only be done with buffalo milk.

Flow chart for butter production (Brazil)

Schematic representation of production process of “criollo” cheese (Brazil:  

“Queijo Minas Frescal”) [13]  

Filtered raw milk+ 35 % pure water 

 

 

Pasteurization 

(73ºC/1 min or 65ºC/30 min) 

 

 

Cooling (35ºC) with running water  

 

 

Addition of 

1,5% lactic fermentation agents (S. lactis y S. cremoris)  

liquid or powder rennet, diluted in water (recommended quantity) 

 

 

Coagulation 

(40 min) 

 

Separation into cubes  

(1 a 2 cm) 

 

 

Intermittent mixing 

(t = 15 min; pause every 3 – 4 minutes) 

 

 

“Doughy” point 

 

 

Removal of half of whey content 

 

 

Place in moulds 

 

 

Turn 

 

 

Addition of salt and removal of remainder whey till next day 

 

Finished product 
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FLOW DIAGRAM – Butter Elaboration [13]

Milk quality is of upmost importance; animal health, sanitary handling, milking

 

Whole milk 

Skimmed milk 

 

Skimming 

 

May be used 

for cheese manufacturing 

 

Cream 

 

 

Cream pasteurization (75 – 80ºC/ 10 – 15 min) 

(optional) 

 

 

 

Cream fermentation  

 

 

Whip 

Whey       

 

 

May be used for other products 

(soft drinks, caramel, etc.) 

Wash 
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Packaging 
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process and storage hygiene are key aspects of the final  quality of the product.
Under normal conditions, buffalo cow milk contains higher quantity and specific
strains of lactobacillus, compared to cattle’s. From the metabolic activity of those
strains come the particular flavor and aroma, through the production of specials
substances  and composites,  which probably have a  remarkable  influence in  the
curd acidification during the transformation. Because mozzarella manufacturing is
still  done  using  little  or  no  mechanization  (handmade),  hygiene,  sanitary
conditions  of  storage  and  transport  of  the  milk  are  essential.  Microbial
contamination  screenings  are  conducted  periodically  year-round.  Both
microbiological  and  hygienic  milk  qualities  are  essential  in  mozzarella
elaboration.  The  manufacturing  of  mozzarella  has  been  termed  a  forward-flow
process; this type of production prevents cross contamination of starting materials
[7].

4.5.2. Production Examples and Aspects of Mozzarella Cheese Production

Maina  della  Torre  Dairy  Plant,  owned  by  Prato  Verde  Factories,  is  located  in
Latina Province, Lazio Region, Italy. This plant only processes the milk needed to
produce  mozzarella  within  the  same  day.  Their  production  inputs  are:  milk,
enzymes and whey. After 4-5 hours, once curd and whey are separated, they cut
the  curd into small  cubes and place  them in a wooden  container with water  at
98° C for the handmade stretching and kneading process, where the dough will
reach  a  temperature  of  66-67°C.  They  produce  35-40  kg  of  cheese  per  batch.
Simultaneously, they obtain the piccolo latte or small milk, a by-product from the
remainder liquid. They have capacity for 5000 liters, although in winter they only
process  2500 liters  due to  reduced demand.  Mozzarella  cheese  yield  is  1  kg of
cheese of every 4 liters of milk (25% yield). Freshly made mozzarella is placed in
salt-water bats (15% salt) for 2 hours; it is then transferred to a 1.5% salt-water
solution, called government liquid.

La Salamandra SA, in Buenos Aires, Argentina, prepares their government liquid
by adding 12 g citric acid and 320 g salt to 450 liters of water [14].
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4.5.4. Mozzarella Cheese Yield

One hundred kg of buffalo milk will render from 20 (in hot days) to 25 (in cold
days), sometimes even 27 kg of mozzarella cheese. In contrast, cattle’s milk yield
is  9-12%  (100  liters  of  milk  will  yield  9-12  kg  mozzarella).  Ricotta  cheese  is
produced by addition of 3% whole milk to whey. 100 kg of whey renders 1 kg of
fresh  ricotta.  Butter  is  produced  with  the  fat  skimming’s  of  whole  milk;  this
skimming will reduce the weight of the mozzarella cheese, and therefore is not
traditionally done [15].

Mozzarella  (kg)  =  milk  (kg)  x  [((3,5  x  % protein)  +  (1,23  x  % butirose  fat)  –
0,88)/100]

It must be noted that this formula was obtained from Italian elaboration standards,
which  accepts  considerable  humidity  content.  It  is  not  known  the  extent  of
applicability of the formula under other conditions in other countries. Based on
the formula, for each 1% increase in milk protein results in a threefold increase in
cheese output. Noteworthy, it is not protein content but nitrogen level in milk that
is usually routinely measured, since it is contained mainly in proteins with a ratio
known to be relatively constant [15].

 

4.5.3. Liquids used in mozzarella handling and conservation [13] 
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4.5.6. Other Aspects of the Mozzarella Cheese Production Chain

Buffalo mozzarella is considered to be of higher quality than cattle’s. When the
product  is  melted,  it  results  in  a  continuous  thread  without  clumps.  In  cattle’s
mozzarella,  there  is  a  presence  of  clumps  and  strong  cheese  aroma.  There  are
continuous  fluctuations  in  milk  protein  and  fat  content  throughout  the  year,
particularly due to the pooling of milk from buffalo cows in different stages of
lactation. Milk from buffalo cows in the first stage of lactation can make up over
60% of total volume. This results in increased acidity and presents a problem for
mozzarella  cheese  manufacturing;  namely,  shortened  shelf-life  and  poor
organoleptic attributes of the resulting product. Management errors such as energy
and protein nutrient deficiencies, excess silage in ration during the first stage of
lactation can worsen this problem because the buffalo cow will attempt to balance
the nutrient imbalance by mobilizing energy stores with the consequent increase
in circulating non-esterified fatty acids.

The  tropical  origin  of  the  bubaline  species  implies  poor  adaptability  to  low
ambient temperatures and wind chill; these factors can lead to an increase in milk
acidity particularly in periods of transition from warm to cooler temperatures. The
increase in milk acidity is a multivariate phenomenon which can be attributed to
one or several  factors:  a)  mesophyll  cell  count,  b)  chemical  composition of the
diet, c) poor milk handling and storage, d) poor milking hygiene leading to higher
microbial  counts,  higher  lactose  fermentation and higher  lactic  acid  production
[16].  It  is  therefore  extremely  important  to  ensure  hygiene  and  product  quality
throughout the whole cheese production chain. This is particularly true for Italy,
which  has  stringent  product  quality  standards  for  mozzarella  [17].  Buffalo
mozzarella  consumers  are  a  demanding  clientele  (particularly  in  Italy);  cheese
must  arrive  to  markets  within  the  day  of  productions,  while  other  Italian  cities
have  2-3  day  tolerance  standards.  Cheese  is  normally  transported  in  brine,
although  vacuum-packed  cheeses  are  now  considered  acceptable.

4.5.7.  Process  for  Reception,  Manufacture  and  Packaging  for  Mozzarella
Cheese

As  mentioned  previously,  mozzarella  cheese  production  is  a  forward-flow
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process, where there is no crossing of starting materials and therefore low risk of
cross-contamination [13, 18, 19].

The complete process for the manufacture of soft cheeses of threaded dough, such
as mozzarella di bufala is detailed below:

Reception of Raw Milk: milk arrives in stainless steel milk transport trucks; it1.
has been previously cooled in the farm and shipped within a short period of
time to the plant.  Transport  temperature should not  surpass 10° C,  with the
exception  of  those  farms  in  which  the  time  lapse  between  milking  and
transport  is  under  2  hours.  Milk  should  be  kept  at  0  to  4ºC.
Sanitation: Milk is sanitized by simple filtration through fine meshes in order2.
to separate coarse contaminant materials; it is then centrifuged at 5000 rpm to
separate smaller impurities.
Pasteurization: Typically, pasteurization is done at 68-70° C, for a period of3.
15-20  seconds.  In  the  case  of  Mozzarella  di  Bufala  Campana  D.O.P.,
treatment is conducted in a plate-type thermal exchange system, at 72° C for
15  seconds.  In  all  cases,  the  thermally-treated  milk  must  be  negative  to
alkaline phosphatase test. Higher temperatures or longer treatment times pose
risk  of  excessive  seroprotein  precipitation  with  casein  entrapment  and
consequent reduction in stretching and kneading properties. The objective of
pasteurization  is  the  elimination  of  contaminating  bacteria.  However,  the
process  also  reduces  the  content  of  naturally  occurring  casein-utilizing
microorganisms;  it  is  then  necessary  to  add  lactic  ferments  or  commercial
yeast to counteract the depleting action of the thermal treatment. In order to
maintain  good  spreading  and  kneading  quality  of  the  dough,  handicraft  or
artisan production of mozzarella cheese does not involve pasteurization. This
requires  that  the  mesophyll  cell  count  of  the  buffalo  milk  used  for  such
process  is  under  500,000  colony  forming  units/ml.  In  addition,  originating
farms  must  be  Brucellosis  and  Tuberculosis  free.  In  Brazil,  Oliveira
recommends  no  pasteurization  for  mozzarella  cheese  production  due  to  its
detrimental effects on the protein matrix [13]. It must be noted that most South
American  farms  are  pasture  based,  as  opposed  to  dry  low/stable  confined;
mesophyll counts in these production systems are typically lower [20].
Fermentation Starters: Milk is heated in stainless steel bats at 36 a 39° C, and4.
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lactic  fermentation  starters  from  previous  batches  are  added  (3-5  liters/100
liters of buffalo milk) (Garofalo – ANASB - 2-3 liters). The amount of added
product  should be enough to  elevate  milk´s  pH to  6.3  or  11-12°SH acidity.
Most  natural  fermentation  agents  contain  some  thermophile  lactobacillus
(Lactobacillus  delbrueckii  Subsp.  bulgaricus),  cocci  (Streptococcus
thermophiles  and  other  mesophylls)  and  large  yeast  quantities,  mostly
responsible  for  the  aroma  in  mozzarella.  Ferments  are  obtained  from  the
fermentation of sweet whey, by heating to 40 - 42° C followed by acidification
to 17/18 °SH/50 and 4.3 pH and cooling 8° C.
Coagulation:  Rennet is used as the main coagulating agent; it  is added at a5.
rate of 1:12.000 -1:15.000 parts as is, diluted in warm water. The amount of
rennet added should cause milk coagulation within 15-20 minutes. Rennet is
obtained  from  the  inner  mucosa  of  the  abomasum  of  calves;  it  is  rich  in
chymosin  and  pepsin.  Milk  coagulates  and  forms  a  curd  due  to  a
destabilization process of the calcium micelles, which occurs in response to
the low pH and the enzymes present in rennet.
Curd Separation: Curd separation is observed when coagulated material starts6.
detaching  from the  container  walls,  this  happens  when  whey  has  reached  a
7,5-8,0°SH acidity. The classic tool to dislodge curd is the herringbone mixer
and sometimes the lyra-shape mixing aid. Mixing should be done slowly and
in  circular  movements  in  order  to  gently  dislodge  and  break  the  curd  into
pieces.
Whey  Fermentation:  After  allowing  curd  to  sediment,  2/3  of  whey  are7.
separated (which can be used for ricotta cheese manufacture), the remaining
whey is kept with the curd to promote fermentation.
Straining: Once curd is set (pH close to 5) it is then removed from stainless8.
steel bats and placed on stainless steel tables in order for remaining whey to
drip (3-4 hours).
Curd Mincing: Curd is minced in specialized equipment with rotating blades,9.
producing pieces of 2 x 2 cm.
Stretching  and  Kneading:  It  can  be  done  in  a  wooden  container,  with  a10.
characteristic wooden stick. It can also be done automatically. In both cases,
boiling water (100° C) is added to allow handling of the minced curd. Optimal
stretching  and  kneading  temperature  range  between  68-70°  C.  The  dough
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should  never  reach  temperatures  higher  than  39°  C  and  the  process  should
only  last  4-5  minutes.  Ideal  maturation  of  the  dough  is  normally  with  pH
values between 4.90 and 5.10. It is recommended to start kneading with a pH
5.2 and finish with pH 4.8 [18]. Garofalo described subtle variations to this
process [19]: Stretching and kneading is the step in the manufacturing process
that most greatly affects the finished product and its yield over liter of milk.
Immature  or  overly  matured  curds  result  in  loss  of  consistency  and  2-3%
reduction in overall cheese yield. Senior cheese masters are able to empirically
predict the optimal point for the initiation of stretching and kneading process.
Research conducted on the relation between kneading process and curd acidity
demonstrated an optimal value of 4.8-4.9, which resulted in minimal weight
loss in brine storage.  Currently,  there are several  mechanical  alternatives to
accomplish  the  kneading  process;  all  of  them  simulate  the  man-made
movements  of  the  dough.  Kneading  consists  of  submerging  the  curd  in  hot
water  (80-85°C)  in  order  to  acquire  an  elastic  consistency  that  allow  the
operator to mould the dough into different shapes. The dough is kept in the
kneading equipment for 15-20 minutes, approximately. In case of handmade
kneading,  this  is  done  in  a  wooden  container  (45  cm  height,  70  cm  base
diameter, 90 cm rim diameter); the dough is gently stirred with a wooden stick
and a bowl, while raising it in order to incorporate water rendering a smoother,
more  shiny  and  silkier  final  product.  Because  of  the  limited  time  in  small
plants,  it  is  better  not  to  knead  more  than  30  kg  of  dough  with  45  litre  of
water. After the necessary period of time dough is carried to the shape phase.
Cutting or Mozzatura: This step can be done manually or mechanically, with11.
equally satisfactory results. Cutting of mozzarella by hand is done with two
operators;  one  of  them holds  large  pieces  of  dough (3-4  kg)  while  another,
using index and thumb fingers separates and pinches (mozza) 20-800 g pieces.
Mechanization of his process results in more uniform pieces.
Cooling: Cooling is accomplished by submerging in cold water (10-12° C) for12.
30 minutes. Cold shock creates a protective crust, trapping humidity within the
product [13].
Salting: Done in "salsetta": (2-5% of salt) or brine (salmoia: 10% of salt), salt13.
concentration  varies  with  weigh  and  size  of  pieces.  Although  some
manufacturers combine the salting with the kneading process, mozzarella di
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bufala does not render itself well to this because it requires some time exposed
to brine in order to form the crust (from 5 to 15 hours). The salting process for
the  Mozzarella  di  Bufala  Campana  DOP  [19]  is  done  by  sequential
immersions in saline solutions at different concentrations (8 to 12%, acidity 9
to  11°SH/50).  Salt  penetrates  the  cheese  by  diffusion,  speed  of  penetration
depends  on  salt  concentration  of  the  brine,  temperature  and  shape  of  the
mozzarella  piece.
Packaging and Distribution: Traditionally it is packaged with brine, although14.
vacuum sealing is now available and guarantees acceptable conditions at 20°C
for  a  maximum of  10  days.  The  ANASB [19]  recommends  using  the  same
kneading liquids, with added salt and lactic acid. Another alternative to extend
shelf life during summer months is to use salted, pasteurized water with lactic
acid. Noteworthy, shelf life is primarily connected to the quality of the starting
materials  (raw  or  pasteurized  milk)  and  the  sanitary  practices  implemented
throughout the manufacturing process [18, 19].

4.5.8. A Slightly Different Production for Mozzarella is Followed in Alagoas,
Brazil [21]:

Add water (90% milk + 10% water).1.
Pasteurize.2.
Add 40 ml calcium chloride for each 100 liters of milk.3.
Add 3% fermented whey at 40°D (Dornic), or 2% at 60°D, or 1% at 120°D.4.
Allow fermentation for 20-30 minutes; ideally, acidity should be 21°D at the5.
addition of rennet.
Temperature should be 38°C at the addition of rennet.6.
Dissolve rennet in water (2 liters).7.
Add rennet  slowly,  while  stirring;  this  process  should  last  1-2  minutes.  Let8.
milk stand.
Rennet should cause the formation of curd within 30-45 minutes. If this occurs9.
in  less  tan  30  minutes,  the  product  will  turn  sour.  If  it  occurs  in  over  45
minutes, cheese yield will be reduced.
Once curd is set, it is separated with a lira type tool; in sidewise and up and10.
down motions.
In order to obtain a soft product, curd pieces should be 1.5 to 2 cm.11.
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Curd must be allowed to set for 3 minutes, in order to allow crust formation.12.
Initial mixing: Stir slowly, increasing agitation gradually for 20 minutes.13.
Allow product to sediment to bottom of container.14.
Second mixing can be done in two ways:15.

By  heating  up  the  container  walls:  Heat  slowly,  stirring  gradually  anda.
increasing speed while preventing clump formation. Dough should have an
ideal consistency at 38°C.
By adding hot water: This technique is frequently termed lactose removal,b.
because  it  will  eliminate  at  least  part  of  the  lactose  content.  Part  of  the
whey is removed. Water at 100°C is added with a narrow spout container.
Direct contact of the dough with hot water must be avoided at all times, in
order to avoid rubbery consistency. Dough is stirred slowly; speed is then
increased as the temperature of the dough starts to increase. Dough should
reach ideal consistency by 38°C.

Let  dough  stand  with  whey  until  it  reaches  kneading  point  (around  4-516.
hours).The longer the time dough sits in whey, the longer kneading time it will
require.
Test kneading point: dough should stretch for about a meter.17.
Kneading: Knead with water (85-90°C), the amount of water should be 1.5-218.
times the weight of dough to be kneaded.
Salting:19.

Mozzarella logs for slicing: Use 2 – 2.5% brine. Work dough, close ballsa.
and give shape. Place cheese in ice water, inside a mould for about 1 hour.
Withdraw from mould and let water drain, keeping in cold room.
Mozzarella in round pieces: Withdraw from ice water. Place in brine (20%)b.
for 5-10 minutes, depending on the size of the ball. Place balls in brine for
final storage. They should have the same acidity as the dough, to prevent
brine from becoming milky.

Packaging:  In  case  of  mozzarella  logs,  packaging  is  vacuum  sealed.  In  the20.
case of mozzarella balls, they are packaged with adequate volume of brine for
balls to remain fully immersed.
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5.  PRODUCTION  AND  UTILIZATION  OF  MILK  BY-PRODUCTS  IN
DIFFERENT COUNTRIES

All  derivatives  from  bubaline  milk  are  considered  functional  foods:  those  that
provide benefits for human health. The main products obtained from buffalo cow
milk are fresh, frescal or criollo (creole) cheese (Argentina, Venezuela, Brazil),
butter, yoghurt (Bulgaria), mozzarella, provola (Italy) and other cheeses in India,
such as cheddar, karnal, brick, surati and melted.

According  to  their water  content  [11],  cheese can  be classified  as shown  in
Fig. (13):

Another common classification of cheese is made according to the acidification
type:  enzymatic  coagulation  (curd)  and  acid  coagulation  (natural  or  bacterial).
Many cheeses are subjected to mixed coagulations, most with higher prevalence
of  acid  coagulation  in  the  process  [22].  Due  to  different  characteristics  of  the
casein  micelle  and  fat  of  buffalo  cow  milk,  the  main  problems  associated  in
cheddar  cheese  manufacturing  have  been  acidity,  coagulation  times,  humidity
retention and delayed proteolysis and lipolysis. Hard cheeses made with buffalo
milk are more difficult to dehydrate due to the higher protein content, which in
turn  results  in  more  water  retention.  Pasteurization  is  only  done  when  the
microbial  count  is  high  (this  seldom  occurs).

Fig. (13). Cheese classification according to water content, denomination and country of origin.

CLASSIFICATION WATER 

CONTENT (%) 

DENOMINATION AND COUNTRY OF 

ORIGIN  

Soft cheeses >45 Karish, Mish and Domiati (Egypt) 

Madhfor (Irak) 

Mozzarella (Italy) 

Alghab (Syria) 

Vladeasa (Rumania) 

Semi-soft cheeses 40-45 Beyazpeineri (Turkey) 

Hard cheeses < 40 Braila (Rumania) 

Rahss (Egypt) 

White (Bulgaria) 

Akkawi (Syria) 
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Fermented dairy products have been manufactured from buffalo cow milk with
good results. Yoghurt derived from bubaline milk is considered a delicacy [23], its
rich and creamy texture is due to its higher calcium and casein content. Protein
and  vitamin  E  are  also  higher  in  this  product,  with  low  cholesterol.  Recently,
probiotics  have  been  added  to  this  product  giving  to  it  an  unique  flavor  and
biological properties. In Bulgaria, Rumania and Albania, buffalo milk is almost
exclusively  destined  to  yoghurt  manufacture  due  to  its  high  demand  by  local
markets.

Dahi  yoghurt,  of  superior  consistency  and  texture,  is  preferably  manufactured
with buffalo cow milk due to its higher protein, fat and solids content and also due
to  the  bigger  size  of  fat  globules,  casein  micelle  and  calcium in  colloidal  state
[22]. Some typical Indian products are elaborated with buffalo cow milk, due to
its  quality  and  to  the  consumer  preference.  The  most  important  is  Khoa,  a
coagulated dairy product obtained by milk dehydration (water content 19-25%).
Khoa  prepared  from  buffalo  cow  milk  has  a  unique  quality,  consistence  and
texture, that makes it preferred over the same product prepared from cattle´s milk.
Khoa is used as a base ingredient for the preparation of widely popular sweets and
candy. Paneer is another typical Indian buffalo cow dairy product. It contains an
acid coagulated solid extract that is used as ingredient to cook vegetables in the
north of the country. This product is obtained by acidification of milk with acid
curd or lemon juice; it is then filtered and pressed without addition of salt. It must
be consumed within 3 days, usually with spicy sauces and vegetables and with a
special  round,  dry  and  hollow  type  of  bread,  the  ciabatta. The  Cottage  cheese,
prepared by acid coagulation in Europe and North America is a similar product
[24].

India, Turkey and Iran

In  India,  fluid  milk  diluted  with  33%  water  for  human  consumption  is  the
principal destination of the production. The second product in importance is the
ghee, a clarified butter with 99% fat that can be stored under ambient conditions.
Buffalo  cow  ghee  is  almost  translucent  (as  opposed  to  the  yellowing  color  in
cattle-derived  ghee)  due  to  absence  of  carotenoids.  Ghee  has  been  used  since
ancestral times in these countries, both as a food ingredient and as a part of the
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religious  Hindi  rituals.  The  product  is  perfectly  fit  to  be  used  under  tropical
conditions  and  is  the  only  animal  fat  source  in  the  Indian  predominantly
vegetarian  diet.  The  product  is  also  steadily  consumed by  Muslim countries  of
Central Asia and Middle East. Over 40% of the milk produced in India is destined
to ghee manufacture, with an annual average of 480,000,000 kg. Average human
intake is 1.2 kg/head/year. Of this, 80% is destined to food preparation, 18% for
bakery and 2% for religious ceremonies. Ghee contains 99-99.5% fat and no more
than 0.5% humidity. Ghee is either prepared from butter or from boiled milk skin
cream, following one of two methods: butter mechanical separation of skin cream
hand-beaten (Desi), the latter being the method of choice for most ghee produced
in India. Desi means common, or in other words, popular. In this country, buffalo
milk as dry powder is also used for infant formulas. Specialists at Karnal Institute
have  introduced  modifications  in  buffalo  cow  milk  in  order  to  make  it  more
adequate for human consumption as fluid milk, resembling the profile of maternal
milk  [24].  Indian  dairy  cooperatives  generally  reduce  the  fat  content  of  the
product by dilution with 33% water, reaching a composition (water, fat, protein,
solids) similar to cattle milk.

In Turkey, buffalo cow milk is  specially sought after for its  contribution to the
famous Turkish breakfasts. Whipped cream is mixed with warm milk, then slowly
cooled in shallow pans, re-heated and finally cut in the next morning. The result is
the famous Qeymac, Keimak or Kaimak: a type of ghee, a semi-liquid clarified
butter highly demanded by the population [25].

In  Iran,  farmers  boil  buffalo  cow  milk  overnight,  place  it  in  shallow  pans  and
collect the cream the following morning which is then sold in open markets. This
ghee-type  product,  called  Qeymac,  Keimak,  Kaimak  in  Turkish,  or  Sarshir  in
Persian, is very popular in restaurants and patisseries. Fat extracted from buffalo
cow  milk  is  partially  sold  to  dairy  product  dealers,  and  is  also  used  for  the
manufacture of salty yoghurt, a traditional product called Mast in Persia. Most of
the elaboration is done by women.

Brazil, Argentina, Venezuela and Bolivia

In Brazil,  in order to make better use of the advantageous properties of buffalo
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cow milk in the manufacture of other dairy products; a significant expansion of
industrial units was undertaken in the early 90’. This expansion allowed producers
to  obtain  a  return  on  their  product  that  almost  doubled  the  return  from cattle’s
milk. In addition, the price levels of buffalo cow milk products remained steady
throughout  the  year.  This  in  turn  stimulated  the  establishment  of  important  so-
called ‘cuencas’ or ‘hotspots’ for buffalo cow milk production, particularly in the
southwest  of  the  country  [26].  Noteworthy,  while  cattle  milk  demand has  been
dropping due to economic causes, buffalo cow milk plants have experienced an
annual growth of 32.3% in processed milk between the years 2001 and 2005.

In addition to the traditional demand for mozzarella cheese, other less traditional
buffalo  cow  products  are  experiencing  an  increase  in  interest  and  demand  in
Brazil, namely frescal, ricotta, provolone cheese, caramel, curd, yogurt and others.
With the objective to promote buffalo cow milk, the Brazilian Buffalo Breeders
Association  (ABCB)  has  implemented  a  monitoring  program  Selo  de  Pureza
(Purity Seal)  since 2001.  All  products  from participating farms are certified by
protein  electrophoresis,  with  guarantee  of  no  contamination  with  other  milk
sources. As of 2007, 111 farms producing around 3.2 million liters per year were
participating  in  the  program.  It  is  estimated  that  Brazil  currently  produces  90
million  liters  of  bubaline  milk  (approximately  40,000  lactating  buffalo  cows),
with over 150 dairy plants manufacturing some kind of bubaline dairy product.
Brazilian  domestic  demand  of  buffalo  cow  dairy  products  is  relatively  steady
throughout the year. Therefore, farmers are using reproductive biotechnologies in
order  to  de-seasonalize  calvings  in  order  to  be  able  to  provide  a  more  steady
supply of  product  [26].  According to R.  Amaral  [27] ten years ago 80% of the
producers were oriented towards meat production; today more than half of those
have switched their focus towards dairy.

Santa  Eliza  Farm,  in  Dourado,  Sao Paulo  State,  Brazil,  has  its  own dairy  plant
(Dourado Buffalo Dairy Products Factory) processing 4,000 liters/day from their
own  and  nearby  milking  farms.  They  apply  standardized  good  manufacturing
practices, taking special care of the environment; their de-seasonalization strategy
allows them to maintain steady production year-round by milking 200 animals out
of the breeding season. Their registered trademark, mozzarella Dourado, is one of
the  most  prestigious  products  in  the  Brazilian  market.  They  supply  85%  of
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production  to  Sao  Paulo  (280  km  of  distance),  10%  to  Rio  do  Janeiro  and  the
remaining  production  to  the  rest  of  the  country.  Laguna  Farm  [15]  recently
received  an  award  by  the  State  of  Ceará.  It  is  a  family  integrated  production
system, from farm to market, mainly supplying their products to Fortaleza, a city
of  2.3 million inhabitants.  Their  products  include frescal  (regular  and oregano)
and criollo (creole) cheese (less humid than the frescal), ricotta and whole milk.
Their  production  does  not  include  mozzarella,  due  to  its  inherent  lower  cheese
yield,  compared  to  the  other  cheeses.  According  to  their  economic  analysis,
bubaline cheese production is more profitable than cattle’s due to its lower input
requirements on milk volume, forage, equipment and also because its market is
about 15% higher.

A growing number of small-scale farmers are switching to bubaline milk in those
regions of Brazil where dairy plants specialized in buffalo milk have settled. Even
with the typical low production of poorly improved buffalo herds, their returns on
investment are still higher than that obtained with cattle [26].

In Argentina, a dairy farm owned by González Fraga, in Torres, Luján, Buenos
Aires Province,  is  the buffalo milk supplier  for  La Salamandra S.A. The group
covers  all  aspects  of  the  production  chain  from  farm  to  market  outlets,  with  a
registered trademark. The industrial plant produces 22 kg mozzarella/100 liters of
milk.  Several  niche  opportunities  exist  today  in  their  local  market  due  to  the
significant influence of the Italian culture, especially in urban populations. This
demand still remains to be satisfied. La Salamandra S.A. markets their products
using top restaurants and exports 20% of their cheese production to Chile. Other
dairy  plants  market  criollo  (creole)  type  cheeses  (Formosa,  Corrientes  and
Misiones  Provinces)  and  flavored,  semi-hardened  paste  cheeses  (Santa  Úrsula,
owned by Sons of Raúl Maglietti S.R.L.) in Formosa.

Pangolares  Ranch,  owned  by  the  Argentinian  Alberto  Duhau  and  brothers,  is
located near Maturín city, Monagas State, Venezuela, and produces Feta cheese, a
Greek, salty type cheese similar to the Venezuelan criollo (creole), that yields 22-
23%. They also produce white cheese (of soft consistence), Gouda cheese (semi-
hard),  mozzarella  and  ricotta.  In  its  institutional  presentation,  mozzarella  is
packaged in a container with 2.5 liters of salt water and 16 balls of mozzarella of
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160 g/each, their products are sold to the towns of Maturín, Puerto Ordaz, Puerto
La Cruz, Caracas and Valencia (in Venezuela); in its home presentation is done
with two balls of 160 g/each, or with 16 of 20 g [15].

El  Carmen  Ranch,  in  Santa  Cruz,  Bolivia,  owned  by  Robert  Haab,  produces
several  types  of  cheeses  such  as  melted  cheese,  ricotta  and  others.  Their
trademark,  Caserti,  has  a  strong  presence  in  the  local  market  [15].

Italy

Italian cheese market is complex due to market restrictions for fresh cheeses and
constrains  on  shelf  life.  They  key  aspects  of  Mozzarella  di  Bufala  Campana
(MBC) are: Protected Designation of Origin (DOP) and the merge of cheese and
breed,  the production of mozzarella  cheese from milk exclusively from buffalo
cows of Italian Mediterranean breed. Another important aspect is the inclusion of
mozzarella cheese in traditional Italian recipes such as pizza, caprese salad and
others. Storage in salty water results in a progressive softening of the mozzarella,
the degree of softening depends on the calcium content. The higher the calcium
content,  the  firmer  the  cheese.  Calcium  content  is  also  important  in  pizza
preparation, because the calcium micelle aids in reducing the acidity of the tomato
sauce.  When baked,  care should be taken not  to  cause browning of  the cheese,
through  turning  residual  sugars  (glucose  and  galactose)  into  lactic  acid,  using
cultures  of  lactic  acid  bacterial  rests  [23].  Destination  of  Italian  exports  of
mozzarella  for  the  year  2005  are  shown  in  Fig.  (14).

Fig. (14). country of destination of mozzarella Italian exports for 2005.

COUNTRY OF 

DESTINATION  

% OF ITALIAN EXPORTS  

(MOZZARELLA)  

(2005) 

VARIATION (%) FROM 

PREVIOUS YEAR  

(2004) 

France 21.4 +1 

Germany 18.1 +0.7 

UnitedStates 5.2 -0.8 (“Euro effect”) 

UnitedKingdom 12.1 -0.6 

Japan 8 +2.8 

Switzerland 6.8 -0.8 

Spain 6.2 +2.5 

Belgium 3.4 +0.7 % 

Canada 2.3 +0.4 



294   The Buffalo (Bubalus bubalis) - Production and Research Zava and Sansinena

Exports to Japan have been undergoing a growing trend (2001-2005); it has grown
from 2% in 2001 to 8.7% in 2005, with an increase of 2.8% respect 2004. Fifty-
one percent of exports are within countries of the European Community [7].

The  limitations  of  the  Italian  market  are  associated  to  the  cheese  industry
organization  and  distribution  problems.  For  this  reason,  many  breeders
(producers) and cooperatives prefer to market their products themselves in order
to gain added value and improve their income. The wide diversity within typical
mozzarella is a considerable marketing problem. Mozzarella produced by small
plants is typically produced using unique yeasts and natural microorganisms; its
shelf life is normally three to five days and may not be extended by refrigeration.
On the other hand, mozzarella manufactured by larger plants is produced without
yeasts and microorganisms for long-term (30 day) conservation by refrigeration.
This latter product, which is destined to the large scale grocery store and export
market, is not as soft and moist. Both products have the same denomination and
DOP,  but  are  quite  different.  Although  both  excellent  products,  the  striking
difference between the two may confuse the general public. Mozzarella cheese is
usually presented as balls or polpettas of variable size (20-800 gr), as small bites
or bocconcino and braided or treccia [22].

In Italy the price of buffalo milk is four times the price of cattle’s cheese. Italian
mozzarella  producers  started  to  pasteurize  their  milk  in  the  early  90’s.  Even
though pasteurization reduces milk yield significantly, it  is still  required by the
markets due to sanitary issues and shelf life. Italian consumers have progressively
learned to value the certificate of origin of their product; hence, the status of DOP
(Denominazione  di  Origine  Protetta)  and  DOC  (Denominazione  di  Origine
Controllata)  are  important  accomplishments.  The  internal  demand  has  also
increased steadily in latest years; 63% of mozzarella is consumed in the south of
Italy, with an average family intake of 1.7 kg/year in southern Italy, meanwhile
the national average is of 1 kg [19].

La Garofalo  Dairy  Factory,  in  Caserta  city,  processing 60,000 liters/day,  is  the
largest  in  Italy.  The  plant  is  completely  automatized,  with  20  hour-day  work
shifts.  Forty-  percent  of  their  production  goes  to  the  export  market  (Germany,
France, Switzerland, Belgium, Canada, USA and Russia). The price is the same
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for the local market and for the international trader: 8 E/kg. With the exception of
the  manual  kneading,  the  rest  of  the  manufacturing  process  is  completely
automated, including packaging. Each holding tank has a capacity of 1000 liters;
pasteurization is done at 72° C for 15, and cooling at 4° C in a water-milk laminar
counter flow. Riva Bianca Ranch, in Paestum, Salerno Province, processes 5000
liters/day.  They  consider  mozzarella  an  excellent  business:  it  contains  66%  of
water.  Riva  Bianca  produces  ricotta,  mozzarella  and  scamorza.  The  last  one
(scamorza)  has  the  highest  shelf-life  among their  products;  this  product  has  an
18%  yield  and  the  production  cycle  lasts  at  least  45  days.  It  is  a  high  quality
cheese  that  allows producers  the  flexibility  to  utilize  all  surplus  milk  when the
demand for mozzarella temporarily drops.

In Italy, a Technical Committee of the Scientific Consortium for the Protection of
Mozzarella  di  Bufala  Campana  was  established  in  1999,  and  standardized
parameters for health management, nutrition and body condition score of bubaline
herds were outlined [28]. Finally, because mozzarella made form cattle’s milk is
20%  cheaper  than  its  buffalo  cow  counterpart,  it  is  important  to  be  able  to
distinguish between the two products. 1) Color: buffalo cow mozzarella is whiter,
pearlier  and  glossier  whereas  cattle’s  mozzarella  has  a  yellowish  color.  2)  Fat
content: buffalo cow mozzarella has a higher (20-30%) fat content than cattle’s. 3)
Texture:  the surface of  buffalo cow mozzarella  should appear smooth,  whereas
cattle’s  is  bit  rougher.  Its  outer  layer  should  be  thin  and  when  open,  interior
should be moist and creamy whey runoff should be noticeable. Fresh buffalo cow
mozzarella  is  more  elastic  than  cattle’s.  4)  Flavor:  buffalo  mozzarella  cow  is
sweeter  than  cattle’s,  with  a  slightly  acidic  finish.  Buffalo  milk  also  can  be
differentiated from cattle’s milk by protein electrophoresis. In Argentina, this test
is  conducted  by  the  Industrial  Technology  National  Institute  –  Dairy  (INTI  –
LÁCTEO). In Brazil, the selo de pureza is awarded by the Breeders Association.
Purity  control  conducted  by  protein  electrophoresis  has  an  accuracy  of  90%.
There are also molecular probes available to conduct such evaluation, with even
higher accuracy [29].
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CHAPTER 11

Parasitological  Scenario  of  Buffalo  Farms  in
Central and Southern Italy: A Review
Antonio Bosco, Laura Rinaldi, Maria Paola Maurelli and Giuseppe Cringoli*

Department of Veterinary Medicine and Animal Productions, University of Naples Federico II,
CREMOPAR Regione Campania, Italy

Abstract: In this review, focus has been given on the diverse parasitological scenario
that  can be found in different buffalo farms in central  and southern Italy,  where the
majority of buffalo heads are reared. The Geographical Information System, developed
and used for the planning of sampling protocols, for data analysis and results, has been
employed for the conduction of many studies performed in the course of the last twenty
years. Furthermore, the copromicroscopic analyses were conducted using multivalent
techniques, the FLOTAC techniques, which are characterized by high sensitivity, as
well as precision, specificity, accuracy and reproducibility. Such techniques have been
developed to further  the capacity to quickly detect  any possible parasitic  infections,
especially  those  that  may  pose  any  kind  of  human  and  veterinary  public  health
concerns. From the results presented in this review, it is clear that we have witnessed
over  the  last  decades  a  significant  modification  of  buffalo  farm  management  and
production  system.  Such  buffalo  farms  have  moved  towards  more  intensive  and
innovative  practices,  such  as  the  adoption  of  newly  developed  reproductive
technologies and nutrition regimens together with increasing amounts of concentrate
feeds and stored forages. The concurrent preventive use of anthelmintic treatments has
greatly reduced helminth infections, which may pose a serious threat for human health
such  as  the  zoonosis  caused  by  the  larval  stages  of  Echinococcus  granulosus.  It  is
worth  mentioning  also  the  witness  of  a  parallel  rise  in  protozoa  and  arthropoda
infections.
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1. INTRODUCTION

The economy of many countries across most continents is heavily influenced by
the powerful zoo-economy driven by the presence of buffaloes (Bubalus bubalis),
belonging to  both the river  and the swamp sub species.  In  some countries,  and
especially  in  Italy,  the  buffalo  may  be  linked  directly  to  some  peculiar  and
specific product, like the mozzarella cheese. The importance of this milk-derived
product is so great, that, thanks to high quality of milk produced and transformed
in mozzarella cheese, the introduction of a specific designation of protected origin
(DPO), has been felt mandatory, and it is used nowadays across the entire Italian
territory and used abroad to identify the original product. A number of countries
are  paying  more  and  more  attention  to  buffalo  milk,  its  quality  and,  equally
important, to its derived products, and this is reflected in the increased funding on
various areas of research activity. In addition, the buffalo species is second only to
cattle in the production of milk world-wide, accounting for a 12% of the totality
of  milk  produced  all  over  the  world  [1].  In  consideration  of  the  large  interest
expressed for this species, its zoo-economical implications and the health issues
inevitably  raised,  a  special  focus  addressed  into  the  investigation  of  parasitic
infection  is  of  paramount  importance.  In  fact,  in  tropical  and  sub-tropical
countries, parasitic infections are very common and are unfortunately responsible
for relevant economic losses in terms of dead animals following heavy parasitic
infections, consequent disposal of infected organs at slaughter, and reduced rates
of weight gain [2].

In addition, some of those parasitic infections are typically zoonosis as they can
have a direct clinical relevance in the human species, in some cases according to
the  different  geographical  location,  such  as  schistosomiasis  in  China  and  the
Philippines,  or  other  infections  like  cystic  echinococcosis,  cryptosporidiosis,
fasciolosis  and  giardiasis  which  are  reported  everywhere.  Currently,  in  buffalo
farms spread over central and southern Italy, the parasitological situation has been
strongly  modified  in  recent  decades  due  to,  as  anticipated  earlier,  the
modernization  of  buffalo  farms  together  with  the  use  of  modern  reproductive
strategies  and  nutritional  technologies,  and  the  introduction  of  prophylactic
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parasitic countermeasures, especially specific anthelmintic protocols and related
treatments only following a clear and accurate diagnosis [3 - 5].

Considering that most buffaloes in Italy are reared in central and southern Italy, in
this review an up-to-date summary of parasitism affecting this species in that part
of Italy, from protozoa to helminths and arthropoda, will be given.

In Table 1, a list of the various parasitic species affecting the buffaloes in central
and southern Italy, is made available. The data reported in Table 1 came from a
study  performed  in  the  Lazio  Region  (central  Italy)  on  127  farms  and  from
diagnostic  activities  performed  at  CREMOPAR  in  the  Campania  Region
(southern  Italy)  from  2000  to  2013  on  1,324  farms.

Table 1. Main parasitic infections in water buffaloes in central and southern Italy [3, 6 - 11].

Parasites Farm Prevalence (%) (min and max)

Protozoa

Eimeria spp. 94.5-97.7

Helminths

Gastrointestinal strongyles 4.7-33.1

Strongyloides spp. 3.1-4.7

Fasciola hepatica 1.1-7.1

Dicrocoelium dendriticum 0.5-2.4

Paramphistomidae 2.3-7.1

Moniezia spp. 0.5-2.4

Echinococcus granulosus (larval stages) 8.0-12.4

Arthropoda

Lice (Haematopinus tuberculatus) 2.8-11.0

Mange mites (Psoroptes spp.) 3.0-12.6

2. PROTOZOA

Infections by intestinal protozoa are a leading cause of neonatal diarrhoea, having
a negative impact on the growth performance of buffalo calves.

In  particular,  buffalo  calves  are  easily  hit  by  coccidiosis,  caused  by  several
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Eimeria species, with the result of considerable economic losses to the dairy and
meat  industry  worldwide.  In  addition,  such  different  Eimeria  species  are
characterized by different pathogenicity. Almost two thousand buffaloes reared in
127 buffalo farms in the Lazio region (central Italy) were studied in the course of
a cross-sectional coprological survey [9, 11]. The FLOTAC technique was used to
perform copromicroscopic examinations, utilizing a solution of saturated sodium
chloride (specific gravity = 1.200) [12, 13], followed by oocyst sporulation and
identification of the different Eimeria species.

Oocysts  of  Eimeria  spp.  were  found  in  94.5%  (120/127)  of  the  farms  and  in
46.8%  (882/1883)  of  the  animals,  and  seven  species  of  Eimeria  have  been
described so far, namely E. bareilly, E. zuernii, E. ellipsoidalis, E. subspherica, E.
auburnensis,  E.  bovis  and  E.  pellita  [4].  The  following  most  common Eimeria
species,  such  as  E.  bovis,  E.  zuernii  and  E.  bareilly,  which  are  also  the  most
pathogenic,  were  found.  These  findings  concur  with  findings  related  to  similar
studies  carried out  in  the Campania region (southern Italy)  on 1324 farms,  and
give evidence that  Eimeria  infection within  buffalo  farms is  very common and
widespread  (97.7%;  1293/1324)  and  has  to  be  considered  the  most  prevalent
parasitosis  in  water  buffaloes  [4].

Coccidiosis may manifest itself as clinical or subclinical infection and can affect
growth  performance  in  buffaloes  as  in  other  ruminant  species.  Therefore,  the
control  of  Eimeria  infections  is  of  fundamental  importance  for  the  health,  the
welfare and the productions of buffalo calves. Coccidiosis has be to fought mainly
through  the  adoption  of  prophylactic  and  metaphylactic  treatments.  This  is  the
case, as therapeutic treatments are usually ineffective due to the fact that lesions
are already present in the intestinal mucosa, and therefore coccidiosis will always
result  in  clinical  disease,  of  which  diarrhea  is  the  most  common sign  [14,  15].
Controlled  field  trials  were  recently  conducted  to  evaluate  the  parasitological
(parasite burden reduction) and zootechnical performance (weight gain) effect of
metaphylactic treatment with toltrazuril (TOL) and diclazuril (DIC) for the control
of coccidiosis by Eimeria spp. in naturally infected water buffalo calves bred with
two different management systems in a Mediterranean area (southern Italy) [16].
The study was conducted in 5 buffalo farms with a known history of coccidiosis:
the farms were divided into two typologies (A and B) of management system. In
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farms of Typology A the buffalo calves were bred in individual boxes from birth
to the seventh/eighth week of age and then transferred to the ground in multiple
boxes; whereas, in the farms of Typology B the calves were bred on the ground in
multiple boxes from birth. In the three buffalo farms of Typology A the calves of
the groups TOL and DIC were treated only once (at the seventh/eighth week of
age);  whereas,  in the two buffalo farms of typology B the calves of the treated
groups were treated twice (once at the fifth and once at the seventh/eighth week of
age). On each farm, 36 calves aged 5 weeks, were divided at random into three
similar groups of 12 calves each. One group was treated with toltrazuril (TOL) at
the dose of 15 mg/kg, whereas the second group was treated with diclazuril (DIC)
at the dose of 1 mg/kg, and the third group remained as untreated control group
(CONT).  For  15  weeks  calves  were  weekly  weighed  and  clinically  and
parasitologically examined. In the five buffalo farms the average oocyst excretion
decreased significantly  in  both treated groups (TOL and DIC) compared to  the
CONT groups,  however the TOL groups showed intensities  significantly lower
than  the  DIC  groups.  The  body-weight  gains  recorded  fortnightly  were
significantly higher in the TOL groups (min 5.4 kg – max 8.1 kg) compared to the
DIC (min 1.7  kg –  max 3.1  kg)  and the  CONT groups which differed slightly.
Therefore,  subclinical  coccidiosis  may  impair  growth  performance  in  buffalo
calves  reared  either  in  individual  boxes  or  in  multiple  boxes.  There  exists  a
susceptibility  to  metaphylactic  treatment  with  toltrazuril  and  diclazuril  on  the
reproductive cycle of Eimeria species in calves naturally exposed to the infection,
exhibiting a growth response of treated calves. A metaphylactic treatment to be
utilized in single buffalo farms, is related and has to do with specific elements of
the farm involved together with the usual cost/benefit ratio. Specifically, the latter
takes into consideration the balance to be achieved between the economical value
of the gained body weight following treatment and the cost of the anticoccidial
treatment itself, in addition to the possibility of recurrent coccidiosis outbreak.

Among intestinal protozoa, buffaloes can be affected by ubiquitous parasites such
as  Giardia  duodenalis  (syn.  G.  intestinalis,  G.  lamblia)  and  Cryptosporidium
parvum,  which  are  also  responsible  for  infecting  the  human  as  well  as  other
animal species. These two intestinal protozoa, which are characterized by having
a  direct  life  cycle,  usually  cause  diarrhea  and  may  affect  the  growth  rate  of
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ruminants [17]. An amplification of symptoms of concurrent infection, together
with stress and nutritional deficiencies, is usually seen in buffaloes hit by these
two  protozoa.  These  are  infections  of  considerable  importance  and  economic
concern, in consequence of the affected livestock performance caused by the most
common and  visible  signs  represented  by  diarrhea,  and  even  other  sub-clinical
infections should be taken into serious consideration [18]. In consideration of the
above, a copro-ELISAs on G. duodenalis and C. parvum in the course of a cross-
sectional  coprological  survey,  was  run  in  90  buffalo  farms  and  involving  347
animals  in  the Lazio region [3].  G. duodenalis  was found with a  prevalence of
18.1%  in  animals  and  30.0%  in  farms,  whereas  C.  parvum  was  found  with  a
prevalence of 14.7% in animals and 24.4% in farms. Similar values of prevalence
were also found in the Campania region. Molecular techniques such as PCR and
DNA  sequencing,  were  used  to  characterize  isolates  of  G.  duodenalis  and  C.
parvum, recovered from buffaloes [6]. Following the confirmed presence of both
zoonotic parasites G. duodenalis and C. parvum (assemblage A) and host-specific
parasite  (assemblage  E),  it  is  suggested  that  environmental  contamination  with
oocysts and cysts posing a threat to human health by buffalo feces, can occur if
the latter  are  not  properly disposed off.  Fortunately,  these two protozoa cannot
affect the chain of mozzarella cheese production, considering that the process of
cheese production consists of treatment of the cheese curd at a temperature of 85
to 95°C, which is sufficient to kill or inactivate the zoonotic parasites.

Another important protozoa infecting buffaloes (as an extra-intestinal coccidian)
is Neospora caninum, which is another protozoan heavily responsible as a major
cause of abortion in cattle all over the world, especially in seropositive animals
when compared to seronegative ones [19]. Both dogs and coyotes are known to be
the  final  hosts  for  N.  caninum  (intestinal  cycle),  whereas  many  other  species
among which the buffaloes, act as intermediate hosts (extra-intestinal cycle) [20,
21].

Following a serological survey on N. caninum by IFAT in 50 buffalo farms and
involving 1377 animals in the Campania region in the south of Italy, a prevalence
of  infection  was  found  in  34.6%  of  animals  investigated  and  82.0%  of  farms
taking  part  in  the  survey  [10],  and  only  in  two  farms  some  abortions  and
neurological signs were recorded, together with few protozoan-like cysts observed
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on foetal tissue following histological examination.

3. GASTROINTESTINAL AND HEPATIC HELMINTHS

A  number  of  several  gastrointestinal  and  hepatic  helmints  such  as  nematoda,
trematoda and cestoda can infect buffaloes: i) Nematoda: The buffalo species is
commonly hit by gastrointestinal Strongyles  and Strongyloides  of the nematoda
group,  and  these  parasites  are  characterized  by  a  direct  life  cycle  and  three
different  larval  stages  from  L1  to  L3  to  be  found  in  the  environment;  ii)
Trematoda:  Fasciola  hepatica,  Dicrocoelium  dendriticum  and  Calicophoron
daubneyi  can  be  considered  the  most  common  flukes  to  be  recorded  among
buffaloes in Italy. The liver is home for both F. hepatica and D. dendriticum, with
the difference that, while the immature stages of F. hepatica can be found in the
liver parenchyma and the adult stages in the bile ducts, D. dendriticum  lives in
bile ducts and gall bladder. Of the third most important trematoda for buffaloes,
immature flukes of C. daubneyi are found in the upper small intestine and here are
responsible of serious morbidity leading even to death of the host,  whereas the
adult stages can be found in the rumen and/or reticulum of the same animals. The
water is the most important environmental factor for the establishment of parasitic
infection due to F. hepatica and C. daubneyi. In water in fact, such parasites can
find  their  intermediate  host  represented  by  the  amphibious  snails.  A  different
environment is needed for D. dendriticum parasites, where they intermediate hosts
are represented by land mollusks and ants, which live in biotopes characterized by
dry  and  calcareous  or  alkaline  soils;  iii)  Cestoda:  of  the  cestoda  group,  the
Moniezia  genus  is  widely  distributed,  with  a  life  cycle  characterized  by  the
presence of two different hosts,  oribatid mites living in the soil  as intermediate
hosts, and the intestine or guts of ruminants where adult tapeworms can be found.
These parasites are responsible for acute symptoms in animals like diarrhea and
fleshless,  which  in  turn  may  account  for  losses  within  the  herd.  Overall,  the
helminth  infections  above  summarized  are  of  great  economic  and  health
significance,  due  to  the  fact  that  the  consequent  digestive  disorders  lead  to  a
decreased production linked to reduced weight gain, growth delay, reduced milk
production, etc., and all this can be reported even in case of sub-clinical parasitic
infections.  In  the  Lazio  region  of  central  Italy,  almost  two  thousand  buffaloes
from 127 farms [19, 20] were investigated through a cross-sectional coprological
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survey,  where the FLOTAC Dual  technique [12,  13]  was employed to  perform
copromicroscopic  examinations  characterized  by  a  sensitivity  of  two  eggs  per
gram of feces. Two floating solutions were used: i) a solution of saturated sodium
chloride with a specific gravity = 1.200 needed to isolate nematode and cestoda
eggs,  and ii)  a  zinc sulphate solution with a  specific  gravity = 1.350 needed to
detect eggs of the trematoda group.

The survey produced interesting results which are summarized in Table 1. Among
the  most  commonly  found  parasitic  infections  in  buffaloes,  gastrointestinal
strongyles are the most frequent helminths recorded in buffalo farms (33.1%) and
animals (5.4%). Other common parasites among buffalo farms and animals are: F.
hepatica  (7.1%  and  1.3%,  respectively),  C.  daubneyi  (7.1%  and  2.1%,
respectively),  Strongyloides  species  (3.1%  and  0.4%,  respectively),  D.
dendriticum (2.4 and 0.2%, respectively), and finally Moniezia species (2.4% and
0.2%, respectively). From the results obtained in the presented survey, it can be
seen that  helminth parasitic  infection is  characterized overall  by low numerical
values both on farms and animals. Such results recorded in the Lazio region of
central Italy are similar to findings from the Caserta province in the south of Italy
[22].  Collectively,  results  from  the  survey  on  helminth  parasitic  infections  are
quite different from the results in other geographical settings, where buffaloes are
typically reared in extensive production systems and the helminth infections are
generally significantly higher.

4. CYSTIC ECHINOCOCCOSIS

The genus Echinococcus is responsible for a cosmopolitan parasitic disease linked
to  both  larval  and  adult  stages  of  tapeworms,  and  within  the  same  genus,  four
specific parasites can be identified, namely: E. granulosus, E. multilocularis, E.
oligarthrus  and E. vogeli,  and the recent  acquisition of  a  fifth  species  found in
Tibet and named E. shiquicus [23, 24]. Echinococcosis can be considered one of
the most important livestock parasitic infection in the entire world. In addition it is
a very serious and widespread zoonosis [7] as, being the Echinococcus found in
many  host  species,  it  can  also  be  established  in  the  human  species.  More
specifically, the cystic echinococcosis (CE) is caused by the larval stages (hydatid
cysts)  of  the  parasite  E.  granulosus,  and  of  the  latter,  around  ten  different
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genotypes,  from  G1  to  G10  have  been  characterized  by  using  molecular
techniques [24]. Canids, among which the domestic dog, are the final hosts of the
E. granulosus parasite life cycle, while a number of ruminants and ungulates such
as cattle and buffaloes, goats and pigs, in addition to humans, are the intermediate
hosts in which the hydatid cyst establishes itself [25, 26]. Some  people  still  carry
the habit of home slaughtering sheep and pigs. If such intermediate hosts have the
hydatid cysts, dogs can acquire the parasitic infection by feeding on the internal
organs  (usually  liver  and  lungs)  [27].  In  sheep,  a  higher  frequency  of  CE  is
reported when compared to other animals [28], and this is strongly supported by
surveys conducted bot  in  the  Sardinia  island and Campania  regions of  Italy,  in
which a high prevalence of CE is found: 75% of sheep sampled in Sardinia [29],
and 31.2% in some areas of Campania [30].

CE in the water buffalo has been studied in the Campania region of south of Italy
by  performing  surveys  and  adopting  molecular  approaches,  with  the  result  of
evidencing a high prevalence of CE in both farms (12.4%) and animals (10.5%)
[7,  31].  The  rationale  behind  these  values  is  worth  some  considerations  with
regard to the buffalo species. Unlike sheep, buffalo farms do not practice illegal-
slaughtering and nowadays, buffaloes are sent to modern slaughterhouse facilities
when needed,  in addition to an efficient  system of control  by veterinarians and
other health officers whose duty is to reinforce the chain production system and
maintaining safety for both animals and humans. Therefore, canids cannot feed on
buffalo  internal  organs  following  slaughter,  closing  the  life  cycle  of  the
Echinococcus,  and  this  is  the  case  also  for  cattle.  In  a  recent  paper  [31]
Geographical  Information  Systems  (GIS)  were  used  in  order  to  understand  the
role of sheep as a parasite reservoir. In summary, stranded dogs get infected when
feeding on sheep carcasses, and then approaching and entering buffalo and dairy
farms, shed their load of egg parasites infecting thus the ruminants (Table 2). It is
not  surprising  that  many  times  both  sheep  and  buffalo/dairy  farms  are  at  close
distance  from one  another,  making  it  easy  for  dogs  to  move  from one  farm to
another. And in fact,  the closer sheep farms are to buffalo farms, the easier the
report of infection in buffalo/dairy farms and buffaloes/cattle. In addition and in
support of such evidence, buffaloes/cattle and sheep in the Campania region of
south of Italy, share the same E. granulosus genotypes such as the G1 (common
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sheep strain), G2 (Tasmanian sheep strain) and G3 (buffalo strain) [7, 24, 32].

Table  2.  Number  of  sheep  farms  within  5  km  radius  buffer  area  around  dairy  and  buffalo  farms
positive for cystic Echinococcosis in the Campania region and their distances [31].

Farm typology

Sheep farms
(mean)

within the buffer
zone

Distances from sheep farms within each buffer zone

Mean SD 25th percentile 50th percentile 75th percentile P*

Cattle 10.7 2.2 1.8 1.0 1.9 2.7 0.001

Buffalo 6.4 4.7 2.3 2.6 5.1 6.5

5. ARTHROPODA

The suckling lice and the mange mites in Italy are the most common arthropoda to
be found in buffaloes, where they entertain their entire life cycle. Buffaloes can
experience  skin  irritation,  anaemia,  anorexia,  restlessness  and  reduced
productivity  when  confronted  with  the  sucking  Haematopinus  tuberculatus.
Similar skin lesions, itch and irritation can be also caused by the mange mites of
the Sarcoptes, Psoroptes and Demodex genuses, together with other signs such as
alopecia, skin thickening and dry scab. In the Lazio region, 762 buffaloes from
127  farms  were  involved  in  a  cross-sectional  entomological  survey  [9],  and
standard procedures were followed for the collection and correct identification of
ectoparasites [33]. In farms and animals the following ectoparasites were found:
H.  tuberculatus  (lice)  and  P.  ovis  /  P.  natalensis  (mange  mites)  on  11.0% and
12.6% of farms and 4.5% and 3.5% of animals,  respectively (Table 1).  Further
studies  are  needed  in  order  to  understand  why  ticks  were  not  recorded  on  the
tested animals. The high intensity and crowding occurring nowadays in buffalo
farms is a factor favouring the diffusion of ectoparasites such as lice and mange
mites,  characterized  by  a  life  cycle  taking  place  entirely  on  their  hosts.  These
ectoparasites, even if they do no elicit any clinical sign, may nevertheless reduce
productivity in terms of milk produced from lactating animals and weight gain in
growing animals. A recent study showed the role of H. tuberculatus as a new host
for  the  transmission  of  brucellosis  [34].  The  presence  of  DNA  and  RNA  of
Brucella  spp. along with different developmental stages of H. tuberculatus  was
the  main  aim  of  the  study,  so  that  its  possible  role  as  vector  for  Brucella
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transmission could be determined. For this purpose, seropositive and seronegative
buffaloes  were  selected  and  louse  specimens  collected  from both  categories  of
animals and divided into three different developmental stages: nits, nymphs and
adults.  Real Time PCR was employed in all  samples to be screened in order to
detect  DNA and RNA of  Brucella  spp.  Results  show that  in  all  developmental
stages of the suckling louse H. tuberculatus, DNA of Brucella spp. was detected.
The evidence of Brucella spp. DNA in nit samples is supportive of a hypothesis of
vertical  transmission  of  Brucella  itself  among  the  various  stages  of  H.
tuberculatum development (trans-stadial and trans-ovarial transmission). In fact,
in  nature  an  important  mechanism  for  the  diffusion  of  thick-borne  protozoa,
bacteria and viruses, is the trans-ovarial transmission [35]. There are some cases
of trans-ovarial transmission in which, as in Rickettsia infection, this mechanism
is more important and effective in maintaining and perpetuating the infection, if
compared to the acquisition of the organism from natural hosts, considering that
usually  rickettsaemia  in  mammalian  hosts  is  short  lived.  It  is  thought  that  H.
tuberculatus females filled with the bacteria can transmit Brucella spp. to the nits,
as  a  description  of  a  short-lived  bacteremia  occurs  also  in  the  course  of
brucellosis. If we compare the different developmental stages of H. tuberculatus,
the highest prevalence of bacteria presence is found in nits (around 90%) when
compared to adult (66.7%) and nymphs (44.4%). Such differential rate of bacterial
presence  may  be  explained  by  the  following:  adult  lice  express  a  high  rate  of
bacterial infection which in turn is manifested with a high rate of layed infected
nits. Such high rate of infection is somewhat reduced in the course of hatching, as
it has been reported in Borrelia infected ticks [36]. The survivability of Brucella
spp.  in  the  environment,  and  especially  in  some  endemic  areas,  can  be  also
explained  by  the  high  resistance  of  nits  in  the  surrounding  environment.

CONCLUSION

The parasitological scenario interesting the buffalo population in Italy has been
the focus of this review. An important and representative sample of the buffalo
population  which  has  been  taken  into  consideration  in  this  review,  reside  in
central and southern Italy, where the majority of the buffalo heads can be found.
The shifting of buffalo farm management in the last decades, towards an intensive
management  system,  has  brought  also  the  adoption  of  new  and  innovative



Parasitological Scenario The Buffalo (Bubalus bubalis) - Production and Research   309

practices regarding reproduction, nutrition and productive approaches. In addition,
preventive  measures  and  new health  protocols  have  been  incorporated  into  the
new buffalo management system. Following such new guidelines, a decrease in
helminth  infection  has  been  witnessed  with  a  regular  use  of  anthelmintic
treatments, although a parallel rise of parasitic transmission from host to host has
also  been  reported,  as  in  the  case  of  the  protozoa  Eimeria,  Giardia  and
Cryptosporidium  and the arthropoda Haematopinus and Psoroptes. Furthermore,
some  parasites,  of  which  buffaloes  represent  intermediate  hosts,  have  been
recorded  in  high  number,  such  as  in  the  case  of  Neospora  and  Echinococcus
genus.  Of  course  the  surveillance  of  parasitic  infection  in  buffaloes  and  more
generally  over  any  livestock  species  must  continue  and  is  of  paramount
importance. Not only for the benefit of livestock species but also for us humans,
as  the concept  worldwide known as One World – One Health in association to
Animal – Human relationship. Many parasitic infections are in fact zoonosis, as
seen  previously  in  this  review,  some  of  which  life  threatening  and  pose  a
continuous  risk  of  endangered health,  and therefore  a  focus  of  attention in  this
direction can never be abandoned.
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CHAPTER 12

Folliculogenesis and Ovarian Physiology Applied to
Reproductive Biotechnologies in Buffaloes
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Abstract: The review aims at illustrating the state of the art in terms of acquisition of
knowledge in the reproductive physiology of the buffalo species,  ranging from fetal
oogenesis to prepuberal and adult follicular dynamics in river and swamp buffaloes.
Such aspects are considered in parallel and compared to cattle reproductive physiology.
Reproductive efficiency is presented in the light of a seasonal pattern, and affected by
human intervention due to localistic differential market demands for milk and cheese
production. Finally, the implementation of reproductive technologies, from the use of
artificial insemination together with the development of protocols for synchronization
of ovulation, to in vivo (MOET) and in vitro embryo production and Ovum Pick Up
(OPU), are taken into consideration, highlighting successes and difficulties.

Keywords: Buffalo, Reproduction, Reproductive technologies.

1. INTRODUCTION

Buffalo has a great potential for milk and meat production, and in the last decade
an increase  of  39.1% and 15.3%,  respectively,  has  been witnessed [1].  Despite
most  of  the  buffalo  population  is  located  in  Asia  (above  90%),  its  economical
exploitation  is  also  important  in  other  continents  (i.e.  America  and  Europe).
Reproductive biotechnologies have been used in this species in order to obtain a
faster genetic improvement for the characters of interest.  However,  such newly
developed   strategies  are  not   as   efficiently   implemented  as  in  cattle.  Some
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morphological and physiological features of buffalo reproduction could explain
some of  the  encountered  differences  with  the  cattle  counterpart  and  the  results
obtained up to now. This review focuses on the main biotechnologies applied to
buffalo reproduction, emphasizing featuring aspects of reproductive physiology
characterizing this species, which can affect the success of applied reproductive
technologies.

2. FOLLICULOGENESIS

In  the  course  of  fetal  development,  germinal  cells  are  produced  following
migration of primordial germ cells to the gonadal ridge. Upon colonization of the
genital ridge, prophase of the first meiotic division occurs with a halt to further
progression  at  the  diplotene  stage,  until  formation  of  primordial  follicles  [2].
Along with this progression, follicles go  through  a  morphological  modification

 of their anatomical structure. In the  buffalo  species,  oogones  are  found  within
primordial follicles from 0 to 3 months of gestation, whereas preantral to antral
follicles can be found between 4 to 6 months, increasing their number with the
progression  of  gestation  until  its  physiological  end  [3].  Typically,  a  significant
decrease  in  the  number  of  primordial  to  primary  follicles  is  witnessed  with
increasing fetal age, and a concomitant increase in secondary follicles. There is a
large  individual  variation  in  the  number  of  follicles  at  different  stages  of
development  within  different  fetal  ages  [2].

A  paucity  of  information  is  related  to  the  number  of  germ  cells  in  the  buffalo
species,  although some authors  have  reported  a  10-fold  lower  value  (10,000 to
12,000)  when  compared  to  cattle  [4,  5].  In  addition,  and  typically  in  large
ruminants, despite the thousands of available primordial follicles, the majority of
them will become atretic and therefore not viable [2]. It has been reported that, in
buffaloes,  most  follicles  from  ovaries  collected  at  slaughterhouses  at  random
stages of the reproductive cycle (92 to 95%) are estrogen inactive and atretic. The
status of an atretic follicle is defined according to the molar ratio of E2 to P4 in
the follicular fluid, and such atresia has been reported to be higher in small and
medium  rather  than  large  follicles  [5].  Le  Van  Ty  et  al.,  also  reported  the
existence of a lower number of antral follicles in buffalo, when compared to cattle
(47.5 ± 23.8 vs. 233.0 ± 95.8; P < 0.002) [6]. Nevertheless, Presicce et al. [7], in
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prepuberal  buffalo  calves  reported  a  high  number  of  in  vivo  available  antral
follicles, similarly to what previously reported in cattle prepuberal calves [8]. A
lower  ovarian  follicular  pool,  associated  to  a  high  level  of  atresia,  can  be
accounted for the significantly lower number of antral follicles available within
the follicular waves in adult buffaloes when compared to cattle. In a recent study
[9], following a hormonally induced wave emergence in three different species,
namely Bubalus bubalis, Bos indicus (Nelore) and Bos Taurus (Holstein) heifers,
the mean number of antral follicles in buffaloes (13.1 ± 1.4) was similar to cattle
(15.0 ± 2.8), but significantly lower than Nelore (29.7 ± 3.1).

3. ULTRASTRUCTURE OF PREANTRAL AND ANTRAL FOLLICLES

Adult buffalo ovaries have an average of less than 20 thousand preantral follicles
[10]. The main modifications in the ultrastructure of preantral follicles begin with
an enlargement from primordial to secondary follicles (35.0 ± 3.1 μm to 53.3 ±
12.0 μm, respectively), accomplished by an oocyte growth from 24.9 ± 3.7 μm to
29.4 ± 5.4 μm, respectively [11]. Additionally, there is an increase in the number
of organelles,  such as mitochondria (predominantly round-shaped),  smooth and
rough  endoplasm  reticulum,  and  also  vesicles  showing  coalescence  along  this
process. Until the primary stage, the zona pellucida cannot be seen (and after that,
it  is  only  partially  developed  in  patches),  and  the  oocyte  and  granulosa  cells
appear  only  juxtaposed.  From  this  stage,  oolemma  projects  into  adjacent
granulosa  cells,  which  acquires  a  cubical  form  in  secondary  follicles  [11].

With regard to antral follicles, there is a change in the organization of structures
according  to  follicle  development  from  1  to  10  mm.  The  perivitelline  space  is
initially formed and can be seen in 2 mm follicles and its growth is concluded in
10 mm follicles, when numerous oocyte microvilli can be found in it. The nucleus
of  oocyte  is  periferically  located,  and  a  well-developed  smooth  endoplasmic
reticulum and Golgi apparatus can be seen in the perinuclear region. There is an
increase in the proportion of pleomorphic mitochondria, instead of rounded-shape
ones,  reaching  a  peripherical  location  in  the  oolemma.  Also,  cortical  granules
(located in clusters) can be visualized in this area, increasing in number and size.
Inversely,  a  medullar  position  is  taken  by  lipid  vacuoles,  which  increase  in
number  and  size,  and  coalesce  as  follicular  growth  occurs  [11].
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According  to  Mondadori  et  al.  [10,  11],  some  of  these  differences  such  as
cytoplasmic  vesicles  quantity,  mitochondria  shape  and  inner  content,  zona
pellucida  deposition,  and  granulosa  cells–oocyte  junctions  are  species-specific,
and  maybe  responsible  for  some  functional  differences  observed  in  Bubalus
bubalis  in vitro  embryo production and follicular  dynamics,  when compared to
Bos taurus or Bos indicus species.

4. FOLLICULAR DYNAMICS

In order to implement new reproductive technologies in the buffalo species, it is
mandatory  to  have  a  thorough  comprehension  of  follicular  dynamics,  so  that,
consequently  the  effectiveness  of  protocols  used  for  the  manipulation  of  the
estrous  cycle  can  be  enhanced  [12].

Buffaloes and cattle share a similar ovarian follicular dynamics, and although the
2-wave cycle is recorded as the most common in the buffalo species (63.3%), also
1-  and  3-wave  cycle  can  be  reported  [12],  (Fig.  1).  Heifer  and  multiparous
buffaloes were compared by Presicce et  al.  [13],  reporting for  heifers  a  similar
number  of  1-  to  2-wave  cycles  together  with  some  3-wave  cycles.  On  the
contrary, adult buffaloes displayed only the 2-wave pattern. The number of waves
in a cycle is typically associated to the number of days characterizing the luteal
phase (10.4 ± 2.1 d vs. 12.7 ± 2.9 d, in 2- or 3-wave cycles, respectively) and to
the estrous cycle length (22.3 ± 0.9 d vs. 24.5 ± 1.9 d, respectively [12].
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Fig. (1). Patterns of follicular wave development during buffalo cows estrous cycle. a) one wave (n=1), b)
two wave (n=19), and c) three wave cycles (n=10) [12].

Some important  differences  in  follicular  dynamics  can be outlined in  buffaloes
and compared to cattle (Bos taurus and Bos indicus), the first of which is related
to the  number  of  follicles  recruited per  wave,  which is  lower  in  buffalo  [9].  In
addition,  the  number  of  recruited  follicles  among  buffaloes  per  each  of  the
different waves shows a low variation [12], in accordance to the high repeatability
of this physiological parameter [14], suggesting also that recruitment of follicles is
strictly dependent on the individual, although the hereditability of such character
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in  buffaloes  has  not  yet  been  investigated.  Nevertheless,  such  individual
variability allows us to select animals before the implementation of reproductive
technologies, i.e. superovulation treatment, due to the positive correlation reported
between the number of small antral follicles and the superovulation response [15].
In  line  with  the  above  represented  correlation,  Misra  [16]  reported  a  better
response to hormonal administration in selected donors that responded to previous
superovulation protocols with 4 or more ovulations.

The maximum diameter reached by the dominant follicle in each follicular wave
is also an element of difference in buffaloes, considering that it varies from 11.1
to 15.5 with the number of follicular waves occurring within the animal [12, 13,
17].  These  recorded  diameters  seem  to  be  intermediate  values  between  Bos
indicus and Bos taurus. Different genetic groups in cattle account for the variation
found in follicle diameters, being smaller in Bos indicus (10 to 12 mm [18 - 20];
than in Bos taurus (15 to 20 mm [18, 21, 22]. Furthermore, follicular diameter can
also be dependent on age and reproductive status of the animals. In fact, in a study
by Presicce et al. [13], a lower growth rate and a smaller diameter of the dominant
follicle  was recorded in heifers  when compared to adult  multiparous buffaloes.
Such difference was evident for both the first follicular wave (1.3 mm vs. 1.7 mm/
day, and 10.5 mm vs 13.3 mm, respectively) and the second follicular wave (1.0
mm vs. 1.3 mm/ day, and 11.0 mm vs 13.8 mm).

In  a  recent  trial  [23],  the  diameter  reached  by  dominant  (DF)  and  subordinate
follicles (SF) at follicle deviation in buffaloes, were reported following ultrasound
monitoring  (Fig.  2),  with  follicle  selection  occurring  2.6  d  after  ovulation,
similarly to Bos taurus [24, 25] and to Bos indicus [26, 27]. However, the average
size of DF and SF in buffaloes at the time of deviation are larger (7.2 mm and 6.4
mm,  respectively),  when  compared  to  Bos  indicus  (6.2  mm  and  5.8  mm,
respectively) [27] but smaller than Bos taurus (8.5 mm and 7.2 mm, respectively)
[25].

As  previously  outlined,  some  specific  features  in  buffalo  folliculogenesis  can
explain the reported outcomes obtained when biotechnologies are implemented in
this species, and also justify the need to modify some procedures currently and
efficiently used in cattle. Swamp buffaloes, likewise their riverine counterpart, are



Folliculogenesis and Ovarian Physiology The Buffalo (Bubalus bubalis) - Production and Research   319

also characterized by a reduced reproductive efficiency affected by the duration of
day  length,  with  a  low  breeding  season  from  April  to  July  characterized  by
reduced  or  absent  estrus  cycles,  and  a  higher  reproductive  performance  from
November to January. Follicular dynamics in swamp buffaloes has been studied
by Yindee et al. [28], starting postpartum until the 4th ovulation reporting a typical
development  of  1-  and  2-wave  cycles.  In  this  sub-species  and  within  cycles
characterized by one wave of follicle development, emergence has been recorded
on day 2.3±0.5 and 1.8±0.4 during the low and high breeding season, respectively
(P > 0.05).

Fig. (2). Diameter (mean ± SEM) of dominant (DF) and largest subordinate (SF) follicles, and profiles of
FSH and LH normalized to the day of observed deviation in 10 Murrah buffalo heifers. The arrow indicates
the beginning of deviation (Gimenes et al. [23]).

Day of the estrous cycle when the largest size attained by the dominant follicle
was reported was 13.5±1.2 and 12.6±1.5, respectively (P > 0.05). The largest size
(mm) attained by the dominant follicle during the low breeding and high season
was  14.5±2.1  and  16.4±2.7,  respectively  (p>0.05).  In  the  course  of  the  low
breeding  season,  the  first  and  second  wave  within  cycles  characterized  by  two
waves  of  follicle  development,  emerged  on  day  1.2±0.3  and  on  day  11.4±0.8,
respectively,  and  largest  diameter  of  second  wave  dominant  follicle  (10.3±1.2
mm) was recorded on day 19.7±1.1. Differently, in the course of the high breeding
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season, the first and second wave emerged on day 0.9±0.4 and on day 10.7±0.9,
respectively and the largest diameter of second wave dominant follicle (12.8±1.2
mm) was recorded on day 18.9±1.7.

5. BREEDING SEASON

The  difference  in  reproductive  performances  of  buffaloes  with  regard  to  the
different seasons has to be taken into account, before working on any reproductive
strategy  within  buffalo  herds.  In  fact,  buffaloes  tend  to  display  a  typical
differential reproductive behavior according to season, when they are found far
from the equatorial line. Under such circumstances, animals perform better, from
a reproductive standpoint, in the course of the year characterized by decreasing
light hours [29].  Therefore, these animals are considered as short-day breeders,
likewise goat and sheep. This species-specific characteristic has been previously
described [30 - 32], and confirmed in a study performed with 16,487 calvings of
three different breeds (Jafarabadi, n=1,771; Murrah, n=10,824 and Mediterranean,
n=3,831), reared in 17 different states in Brazil, and assigned to 4 different groups
according  to  the  latitude  where  they  were  bred  [33]  (Fig.  3).  Results  from this
study  give  indication  of  a  high  influence  of  latitude  on  calving  distribution
throughout the year.  In fact,  the greater the latitude, the higher was the calving
concentration between January and March (0º to 8º=36.4%a; 8º to 16º=41.0%b; 16º
to 24º=62.4%c; 24º to 32º=72.3%d). In some countries like Italy, the highest peak
of reproductive efficiency among animals and consequentially the concentration
of calving and milk production, does not match the time of highest demand for
milk from the market for milk processing and cheese production. Such contrast
has generated the need for steering the concentration of calving, with the period of
the year where milk is mostly requested by the milk industry [29]. The need to
parallel milk production with market request, has generated the development and
implementation of the out-of-breeding-season-mating (OBSM) technique, where
bulls are included or removed from the herd according to the months of the year
[29]. Similarly, in those buffalo farms where natural mating is not the only option
available,  AI  and  other  reproductive  technologies  can  be  employed  with
reasonably good results in the period of the year (non breeding season) ordinarily
considered unfavourable for a satisfactory reproductive efficiency [34].
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Fig. (3). Latitude and calving distribution in buffaloes during the year (n=16,487 [33]).

6. FIXED TIME ARTIFICIAL INSEMINATION (FTAI)

In  cattle,  artificial  insemination  has  been  the  first  reproductive  technique
successfully and widely adopted in the all world, within breeding programs. The
implementation  of  this  reproductive  technique  in  the  buffalo  species  has  been
hampered  over  the  years  by  some  species-specific  difficulties  such  as  the
identification of estrus and the optimal time for artificial insemination. In fact, the
wide  acceptance  in  the  use  of  artificial  insemination  among  farmers  has  been
impaired mostly by the failure in detecting estrus.

Therefore,  the  use  of  protocols  that  instead  of  requiring  the  identification  of
estrus, will focus on a more timely approach of artificial insemination to the event
of ovulation, will contribute to expand the use and the optimization of artificial
insemination itself in buffalo herds.

Synchronization of Ovulation using GnRH and Prostaglandins for FTAI

A number of trials carried out using the Ovsynch protocol in cattle have shown
some  efficiency  in  synchronizing  ovulation,  and  have  resulted  in  satisfactory
pregnancy rates, without the need of estrus detection [35]. The same protocol has
also been tested in buffaloes in various field studies [36 - 40], characterized by a
hormonal treatment consisting of GnRH and prostaglandin (Fig. 4). In such trials,
an  adequate  response  to  the  hormonal  treatment  was  verified,  starting  with  the
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emergence of a new follicular wave following ovulation of the dominant follicle
at the time of the first GnRH. Under an optimal response to the treatment, on day
7, buffaloes will respond to PGF2α administration by CL demise (luteolysis), so
that  at  day  9  most  animal  (around  80%)  will  respond  with  a  synchronized
ovulation  within  12  hours.  By  employing  such  protocol,  in  cycling  buffaloes  a
pregnancy rate (PR) of about 50% can be obtained during the breeding season. In
addition, PR has been found to be influenced by body condition score (BCS of 3.5
correlated  to  higher  pregnancy  rates  on  a  1  to  5  scale),  parity  (lower  PR  in
primiparous  animals),  and  period  of  year  (lower  PR  in  the  course  of  the  off-
breeding season).

Fig. (4). FTAI protocol during the breeding season in buffalo.

Synchronization  of  Ovulation  using  Progesterone  and/or  Progestin  Plus
Estradiol

From the results available following use of the Ovsynch protocol in buffaloes, a
higher efficiency can be observed from its application in breeding programs in the
course  of  the  breeding  season  (autumn  and  winter)  in  cycling  buffaloes.  A
significantly lower efficiency in terms of PR, following adoption of the Ovsynch
protocol  can  be  seen  in  the  course  of  the  off-breeding  season  (spring  and
summer), especially in anestrous buffaloes, with rates ranging from 6.9 to 28.2%
[37, 41]. These outcomes are very likely dependent on seasonal anestrus, where
most buffalos will still be reported with some growth of small and medium size
follicles, without ever reaching a critical size for ovulation [42]. Several studies
have been carried out in order to establish an appropriate protocol for this period
[39 - 41, 43 - 49].
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The combined use of progesterone / progestin and estradiol at day 0 (beginning of
the protocol) has been shown to be effective in inducing the emergence of a new
follicular  wave,  interrupting  both  FSH  and  LH  secretion  and  ushering  the
beginning of a new follicular wave within the ovary [50]. An increase in LH pulse
frequency during and following the treatment period, consisting of progesterone
administration, have been reported in studies performed in postpartum anestrous
cows [51]. When compared to control animals, the treatment with progesterone of
anestrous  animals  will  result  in  a  greater  amount  of  follicular  fluid  and  higher
concentration of circulating estradiol, together with an increased pulsatile release
of LH and increased numbers of receptors for LH in granulosa and theca cells in
preovulatory follicles [52]. In addition, in the course of an anestrous period, estrus
expression and follow-up physiological luteal activity are positively affected by a
brief  elevated  progesterone  level  following  exogenous  administration  [53].
According to implemented protocols, the progesterone device is removed on day
9,  and  to  decrease  blood  progesterone  levels  and  to  enhance  the  quality  of
follicular growth, both PGF and eCG are administered to the animal. The above
mentioned elements of follicle quality and optimal hormonal milieu, are usually
compromised during the off-breeding season in non cycling buffaloes.

This is confirmed by the evidence derived from other studies, where reproductive
efficiency in anestrous buffaloes was improved by the exogenous administration
of eCG [54]. Additionally, in buffaloes subjected to FTAI (Figs. 5 and 6), both CL
diameter and blood progesterone level increased at diestrus (Carvalho et al., 2009
unpublished data). This is in agreement with a well established concept in cattle
undergoing FTAI programs, according to which the larger the CL, the higher is
the secretion of progesterone, which in turn positively affects the recognition and
establishment  of  pregnancy  [55].  In  Fig.  (7),  a  description  of  the  protocol
mentioned  above  during  the  off-breeding  season,  is  shown.

When  adopting  this  protocol  and  following  first  AI,  approximately  50%  of
pregnancies  are  expected  in  anestrous  buffaloes  without  the  need  for  estrus
detection, around the year. A similar study by De Rensis et al. [40], on the use of
progestin  (PRID)  and  PMSG  on  non-cyclic  pluriparous  buffaloes  in  the  off-
breeding  season,  reported  a  higher  pregnancy  rate  (70.5%)  when  compared  to
FTAI (Ovsynch) on cyclic nulliparous (40%) and pluriparous buffaloes (42.8%).
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The strategy of breeding buffaloes during the off-breeding season is economically
important, in order to meet the market demand for milk products.

Fig. (5). CL diameter in buffaloes following synchronization protocol, characterized by eCG administration
or not, at removal of progesterone device removal (Carvalho et al., 2009 – unpublished data).

Fig.  (6).  eCG  vs.  no-eCG  treatment  in  buffaloes  and  related  serum  progesterone  levels  (ng/  mL)  (A):
Progesterone  profile  after  of  the  synchronization  protocol,  and  P  values  for  treatment  (Treat),  day,  and
interaction treatment x day. (B): main effect of treatment (Carvalho et al., 2009 – unpublished data).

7. SUPEROVULATION (SO) AND EMBRYO TRANSFER (ET)

The adoption of multiple ovulation protocols and the recovery of embryos, allows
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breeders  to  reach  and  harvest  the  highest  number  of  elite  embryos  for  later
transfer,  enhancing  thus  the  reproductive  efficiency  of  their  herds  and
consequently their genetic potential [56].  Following few decades of attempts at
improving  the  efficiency  of  superovulation  protocols  and  production  of  an
acceptable number of good quality embryos after non surgical recovery, we are
faced today with an undifferentiated level of production and expectancy. Usually,
a  lower  rate  of  embryo  recovery  is  in  fact  expected  and  reported  in  buffaloes,
when compared to their cattle counterpart. It is true that in buffaloes, the adoption
of MOET programs brings more difficulties linked to several aspects which are
intrinsic to the species, such as the detection of estrus in recipients, a good donor
to recipient synchronization and lastly but not less important, a functional CL at
the  time  of  embryo  transfer  [16].  Collectively,  the  above  mentioned  aspects
contribute to a poorer embryo recovery rate in buffaloes, in comparison to cattle.
Drost et al., were the first to report the birth of a buffalo calf, following embryo
recovery  and  transfer  [57].  Only  recently  some  new  information  on
folliculogenesis in the buffalo species has been made available, and still a paucity
of  information  exists  with  regard  to  intraovarian  changes  following  hormonal
administration. For an embryo transfer program to be successful, some elements
of importance have to be taken into account in order to understand what to expect
from  this  reproductive  technology,  such  as  an  adequate  response  in  terms  of
follicle  development,  subsequent  ovulation  rate  and  development  of  functional
CLs. Buffalo embryos are characterized by a faster pre-implantation development,
allowing thus the possibility to recover and transfer them as early as day 5 or 6
following estrus,  when the  CL is  still  young and growing [58],  and difficult  to
detect by palpation per rectum, unless an ultrasound scanning is performed on the
animal. Misra et al. [59], have reported so far some of the best results following
MOET implementation in buffaloes. In this study 16 buffaloes, selected from their
response  to  previous  superovulation  programs,  were  subjected  to  a  new
superovulation protocol by administering a total of 600 mg of FSH in decreasing
doses in the course of five consecutive days. Each donor produced 4.37 embryos,
of  which  3.13  were  transferable.  However,  this  average  number  of  produced
embryos remains still  lower when compared to the mean recovered embryos in
cattle per each donor (10 total and 6 transferable [60]). Superovulation protocols
have been extensively studied and tried on buffaloes in Brazil [12, 61 - 63]. Along
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with those trials, although a good response in terms of follicle development was
reported with a mean number of 15 follicles > 8 mm per donor, only a moderate
ovulation  rate  (approximately  60%),  a  corresponding  CL  development
(approximately  9  CLs  per  donor)  and  a  low  recovery  of  produced  embryos
(34.8%), followed. Similar outcome following MOET programs in buffaloes have
been reported by other authors [16, 29, 64 - 67].

Fig. (7). FTAI protocol during the off-breeding season in buffaloes.

Collectively,  it  can  be  stated  that  the  rate  of  embryo  recovery  in  the  buffalo
species (around 20 to 40%) is significantly lower when confronted to cattle (63 to
80%  [60,  68  -  70];).  Possibly,  a  disturbance  in  the  physiological  mechanisms
regulating  oocyte  entry  in  the  oviduct  following  ovulation  and/or  its  transport
along the  oviduct,  have been hypothesized in  order  to  explain  such differential
outcome  between  the  two  species  [63].  The  mechanism  regulating  oocyte
transport in the oviduct are under ovarian steroids control (Hunter [71]), and such
hormonal imbalances could also be the root of a disturbed uterine environment,
linked also to poor embryo quality and embryo loss [60]. Such reduced efficiency
in terms of embryo recovery, as suggested by Misra et al. [72], could possibly be
linked to high estrogen levels in the course of hormonal treatment. In fact, it  is
possible that both oviductal and /or intrauterine environments may be modified by
a  prolonged  exposure  to  continuous  elevated  concentrations  of  estrogen,  and
consequently  affect  a  normal  embryonic  development.  In  addition,  high  17β-
estradiol  levels  typically recorded in the course of  superstimolatory treatments,
may negatively affect more buffaloes than cattle, due to a higher sensitivity of the
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former species [73]. Starting from this assumption, some experiments have been
conducted  where  exogenous  progesterone  or  deslorelin  bioimplants  have  been
employed,  with  the  goal  to  lower  levels  of  estradiol  as  a  result  of  hormonal
stimulation [74, 75]. However, even under such experimental circumstances, no
increase in embryo recovery rate was observed. On the same line of investigation,
several  trials  were  conducted  to  investigate  the  existing  anatomical  and
physiological relationship between ovarian steroids and the genital system in both
cattle and buffaloes [3]. A detailed morphometry study in females characterized
by  either  single  or  multiple  ovulations,  was  conducted,  and  a  comparison  on
oviductal  ciliar  movement  exposed  or  not  to  estradiol  in  culture,  was  also
investigated. From the above studies, it appears that neither embryo recovery nor
oviductal ciliar movements are affected by estradiol, although some differences
with the cattle counterpart have been evidenced, such as a higher number of an
ovulatory  follicles,  a  more  rigid  ovary  to  mesovarium connection  and finally  a
thicker infundibulum muscle layer. All these aspects could be accountable for a
lower embryo recovery rate in the buffalo species. Some studies have proved that
oocyte  quality  in  buffaloes,  possibly  associated  to  a  fragile  connection  to
granulosa cells, could be improved through a direct and/or indirect IGF-1 effect,
under rbST treatment [76, 77]. The same treatment with rbST could contribute to
improve  embryo  recovery  in  buffaloes  following  superovulation  protocols,
through  stimulation  of  cumulus  cell  expansion  [78,  79],  which  in  turn  may  be
responsible for enhanced oocyte adhesion to both fimbria and ciliated cells of the
oviducts.  In  line  with  the  above  mentioned,  other  studies  were  conducted  to
further investigate the details of rbST effects, such as the dose employed (0, 250,
or  500  mg)  and  its  effect  on  hormonal  treatment  for  superovulation  [80,  81].
Controversial  results  have  been  reported  as,  in  the  first  study,  an  increase  in
embryo recovery when compared to control group was reported following use of
500 mg of rbST, differently from a follow-up trial where no significant difference
was observed. An increase in total number of follicles and derived CLs, together
with  transferable  and  freezable  embryos  was,  on  the  contrary,  reported  in
buffaloes when rbST was administered at a dose of 250 mg. Collectively, it can be
stated  that,  despite  the  encountered  intrinsic  species-specific  difficulties  when
MOET  programs  are  applied  to  buffaloes  and  leading  to  reduced  embryo
recovery, the birth of buffalo calves following superovulation protocols have been
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reported,  even  with  frozen-thawed  embryos  [61,  82].  This  highlights  the
feasibility of this reproductive technology, although not yet  fully commercially
exploitable.

8.  OVUM  PICK-UP  (OPU)  AND  IN  VITRO  EMBRYO  PRODUCTION
(IVEP)

The coupling of some reproductive technologies such as ovum pick-up (OPU) and
in  vitro  embryo  production  (IVP)  has  already  been  proved  feasible  to  a  good
degree  of  efficiency  in  cattle  [83].  In  buffaloes  on  the  contrary,  on  account  of
several studies previously performed [84 - 89], efficiency in blastocyst production
is  still  low,  varying  between  9.5%  to  30.0%  [88,  90  -  92].  A  lower  oocyte
recovery from antral follicles, reduced oocyte quality, as only approximately 30%
of recovered oocytes are classified as viable by Campanile et al. [89], and reduced
embryo quality, are the main biological factors which seem to be strongly related
to such inefficiency. The use of rbST in buffaloes was also tested in the course of
an  OPU-IVP  program,  aiming  at  improving  oocyte  recovery  and  quality  [91].
OPU was performed twice a week, for a total of 10 sessions, in both control and
rbST (500 mg) groups. A higher number of punctured antral follicles (12.2 ± 0.1
vs  8.7  ±  0.04,  respectively)  and  retrieved  oocytes  (5.2  ±  0.5  vs.  and  4.1  ±  0.5,
respectively) was reported in animals treated with rbST when compared to control
group.

Differently, embryo production (blastocyst rate) following in vitro procedures did
not  result  in  any  significant  difference  between  treatment  and  control  animals
19.7% and 26.0%, respectively. The interval between consecutive OPU sessions
(once a week or every 14 days) and rbST treatment (control or treated with 500
mg  of  rbST),  was  investigated  by  Ferraz  et  al.  [93].  Administration  of  rbST
increased the number of punctured follicles, although the number of blastocysts
was significantly reduced on day 7 (Fig. 8A). Number of aspirated antral follicles
and total number of recovered total and viable oocytes, were reduced when OPU
was performed once a week (Fig. 8B).

Recently,  the  three  species  represented  by  buffaloes  (Bubalus  bubalis),  Nelore
(Bos indicus) and Holstein (Bos taurus) heifers, kept under similar conditions of
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management and nutrition, were the object of a comparison regarding the effect of
synchronization of follicular wave emergence in an OPU-IVP setting [92].  The
stage of the estrous cycle is a factor of paramount importance that dictates both
the  quantity  and  quality  of  retrieved  oocytes  within  each  OPU  session,  and
consequently  the  embryo  development  following  implementation  of  IVEP
procedures  [94  -  98].  In  addition  it  has  been  established  in  Bos  taurus,  that
oocytes  recovered  from  follicles  characterized  by  a  slight  degree  of  atresia,
require  a  reduced  time  for  maturation  and  give  a  higher  rate  of  embryo
development following IVEP [95, 98, 99]. In the same study by Gimenes et al.
[92], the genetic make-up of the three different species under investigation did not
affect  their  interaction nor  the  time of  synchronization,  when the  animals  were
synchronized for follicle aspiration 1, 3 or 5 days following wave emergence.

In Table 1, differences among the three species are summarized, and the results
from  that  study  [92]  are  conducive  to  a  lower  overall  embryo  production
efficiency  for  both  buffaloes  and  cattle,  when  compared  to  the  Nelore  genetic
group.

Table 1. Effect of genetic group (Nelore/Bos indicus, Holstein /Bos taurus and Buffalo/Bubalus bubalis)
on OPU-IVEP [92].

Nelore
(n=9)

Holstein
(n=9)

Buffalo
(n=9)

Mean of visualized follicles 41.0a ± 2.1 22.1b ± 1.3 18.8b ± 0.9

Mean of total oocytes 37.1a ± 2.5 15.4b ± 1.2 14.8b ± 1.0

Recovery rate (%) 89.4a 73.3b 82.8ab

Mean of viable oocytes 30.8a ± 2.4 10.7b ± 1.0 7.9b ± 0.7

Mean structures on in vitro culture 18.7a ± 0.8 8.0b ± 0.5 7.5b ± 0.4

Mean of cleaved structures 15.4a ± 0.7 4.6b ± 0.4 4.4b ± 0.3

Cleavage rate (%) 81.8a 59.1b 62.3b

Mean of blastocysts on D7 5.1a ± 0.6 1.0b ± 0.2 0.6b ± 0.1

Blastocyst rate (%) 25.8a 13.6b 9.1b

Mean of hatched blastocysts 2.6a ± 0.4 0.3b ± 0.1 0.3b ± 0.1

Hatching rate (%) 50.6a 23.2b 31.9ab

a ≠ b: superscript letters in the same row differ (P<0.05).
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Fig. (8). (A) Main effects of treatment (control or 500 mg of bST; (B) OPU interval (G-OPU7 – OPU each 7
days or G-OPU14 – OPU each 14 days; Ferraz et al., 2007). a≠b, c≠d, e≠f (P < 0.05).

As  a  result  of  IVEP  procedure  and  fixed-time-embryo-transfer  (FTET)  in
synchronized  recipients  by  Ovsynch  protocol,  a  pregnancy  rate  of  14.3% (1/7)
following  transfer  of  fresh  embryos,  and  8.0%  (2/25)  following  transfer  of
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vitrified embryos, were reported. The association of OPU-IVP resulted in the first
birth of buffalo calves in the Americas from two vitrified embryos [91].

From the studies and trials reported in this review, it is evident that the coupling
of both OPU and IVEP procedures is a feasible one, although further studies are
still needed to develop strategies that improve embryo production in buffaloes, in
an attempt to facilitate the commercial use of this biotechnology.
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CHAPTER 13

Multiple  Ovulation  and  Embryo  Transfer  in  the
Buffalo Species
Gianluca Neglia* and Giovanna Bifulco
Department of Veterinary Medicine and Animal Production, Federico II University, V. Delpino 1,
80137, Naples, Italy

Abstract:  Multiple  Ovulation  and  Embryo  Transfer  (MOET)  is  one  of  the
biotechnologies of reproduction most utilized in the world to produce a high number of
in vivo embryos. In the buffalo species the application of this technology meets several
difficulties,  and  the  embryo  recovery  rate  is  definitely  lower  than  that  recorded  in
cattle.  This  chapter  aims at  discussing the state  of  art  of  MOET in buffaloes  and to
analyze the factors that limit and influence its efficiency.

Keywords: Buffalo, Estrous cycle, In vivo produced embryos, Superovulation.

1. INTRODUCTION

The  Multiple  Ovulation  and  Embryo  Transfer  (MOET)  technique  or
superovulation (SO) followed by embryo transfer (ET), was designed in order to
modulate the oestrous cycle and achieve a large number of ovulations in species
that are usually characterized by a single ovulation (Fig. 1) [1]. The first results on
this reproductive technology in cattle have been reported more than 50 years ago
[2,  3].  However,  despite  the  new  findings  in  oestrous  cycle  manipulation  and
follicular  development  in  this  species,  some  aspects  related  to  MOET  are  still
unknown [4,  5].  In  particular,  the  application  of  this  technology  in  the  field  is
limited  by  the  variability  in  terms  of  response,  and  represents  one  of  the  main
factors  limiting  a  widespread  use  of  this  technology  in the  field. In any  case,
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MOET  protocols  in  bovine,  result  on  average  in  5  to  6  transferable
embryos/donor/treatment.

Fig. (1). Buffalo superovulated ovary.

MOET has also been applied in buffaloes. However, although the first successful
embryo transfer in this species was performed in the United States of America in
1983  [6]  and  later  in  India  [7],  the  application  of  MOET  still  results  in  low
embryo  yield  when  compared  to  cattle.  In  particular,  following  superovulatory
treatment, buffaloes show good follicular response, moderate ovulatory rate and
corpora lutea yield but, in contrast, low embryo recovery rate. Several attempts
have been carried out in order to increase the number of recoverable embryos, but
the causes for the low recovery rates are still unknown or at best speculative.

2. BASIC CONCEPTS ON SUPEROVULATION

The dynamics of follicular development occurring in waves during the oestrous
cycle comes to help in achieving a better comprehension in the implementation of
superovulation protocols in buffaloes. In some domestic species, like cattle and
buffalo, a wave-like pattern is observed during the physiological estrous cycle [8].
Typically in cattle the estrous cycle is characterized by the development of 2 to 3
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waves  of  follicular  growth,  although  also  cycles  with  4  waves  of  follicle
development  have  been  observed  [9].

Follicular cycles in the buffalo species are also organized in a wave-like pattern,
in both natural [10] and synchronized [11] oestrus. In this species, more than 60%
of animals show ordinarily two waves during the cycle and more than 30% shows
three waves. The length of the cycle is typically 23-24 days, although shorter (16
days)  and  longer  (26-30  days)  cycles  have  been  observed  [11].  In  buffaloes
exhibiting a two-wave growth pattern, the first growth wave emerges on day 1 and
the  second  on  days  12  to  14.  In  those  with  a  three-wave  growth  pattern,  the
emergence  of  the  second  and  the  third  wave  occurs  on  days  11  and  20,
respectively [11]. During each wave, the phenomena of recruitment, selection and
dominance  occur  [12].  During  the  recruitment,  the  growth  of  a  cohort  of  6-8
follicles  is  influenced  by  the  increasing  circulating  levels  of  FSH  [10].
Subsequently, the recruited follicles undergo selection and dominance processes:
in the buffalo, being a monovular species, normally a single follicle develops into
a dominant follicle, while the remaining follicles regress.

The  phenomenon  of  dominance  occurs  when  the  dominant  follicle  reaches  the
diameter  of  approximately  7.4  mm,  after  3  days  of  growth  [13]:  this  phase  is
recognized  as  deviation,  when  the  follicle  acquires  the  receptors  for  LH.
Interestingly,  the  capability  of  becoming  a  dominant  follicle  is  retained  by  all
growing  follicles  before  deviation  occurrence,  whereas  once  deviation  has
occurred, only the largest follicle develops into a dominant follicle and the others
undergo regression. It is known that during the phase of dominance, the LH plays
a key role, since some studies carried out in bovine heifers demonstrated that LH
receptors are expressed in granulosa cells of the future dominant follicle about 8
hours  before  deviation  [12].  Furthermore,  the  intrafollicular  estradiol:
progesterone  ratio  declines,  preparing  the  ovulation  [14].

As introduced above, the aim of superovulation is to allow more ovulations within
the estrous cycle of the animal. Therefore, the follicular dynamics is altered and
modulated by the exogenous administration of hormones several days in advance
of  the  anticipated  normal  estrus  in  an  effort  to  elicit  multiple  ovulations  in  the
donor animal. This is inevitably obtained by overriding the phase of dominance,
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allowing the growth of a large number of dominant follicles that acquire ovulatory
capability.

The MOET technique allows several advantages, such as:

increasing  the  number  of  calves  from  animals  characterized  by  high  genetic●

value;
accelerating the genetic improvement of the herd;●

obtain newborn calves from old or wounded animals that are not able to mate or●

calving naturally;
use of animals for reproductive purposes with impairment of the reproductive●

tract (e.g. salpingitis), which would otherwise be disposed of;
increasing  the  farm  income  by  the  sale  of  embryos,  that  can  be  more  easily●

moved  across  countries  compared  to  live  animals.  In  this  regard,  it  is  worth
pointing out that Italian buffalo embryos are in particular great demand due to
the intensive genetic selection in this species performed over the past years;
reduction of semen costs.●

3. HORMONAL CONTROL FOR OPTIMIZING SUPEROVULATION

The first trials carried out on superovulation in both cattle and buffaloes, foresaw
conventionally the start of the treatment during midcycle. This was based on the
evidence that  the response to MOET treatment  was greater  when the hormonal
treatments  started  8  to  12  days  after  oestrus  [15].  By  the  application  of
ultrasonography, it was demonstrated that this period (equivalent to 7 to 11 days
after  ovulation)  would  correspond  approximately  with  the  emergence  of  the
second follicular wave, when a new cohort of growing follicles can be monitored
on the  ovary.  For  this  reason the  protocols  used  today involve  the  initiation  of
superstimulatory  treatments  after  the  control  of  follicular  wave  emergence  by
administering exogenous hormones. Different methods have been used to elude
the  negative  consequences  of  the  dominant  follicle  and  reduce  the  atresia  (see
below),  such  as  hormone  administration  (estradiol,  progesterone,  GnRH,  eCG,
etc.), or mechanical techniques, as the ablation of the dominant follicle by ovum
pick-up [16].

Once  the  cycle  has  been  synchronized,  the  superovulatory  treatment  can  be
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initiated. It is common practice to carry out MOET protocols in conjunction to an
intravaginal device releasing progesterone, in order to avoid an early coming into
estrus  of  donors,  and  ensuring  high  progesterone  levels  that  are  beneficial  for
subsequent  embryo  development  [5].  Several  hormones  have  been  used  to
manipulate the follicular development in both cattle [4, 5] and buffaloes [17, 18].
In particular, three different types of gonadotrophins are utilized:

pituitary extracts of porcine or other domestic animal species;1.
equine chorionic gonadotrophin (eCG);2.
human menopausal gonadotrophin (hMG).3.

These  hormones  show  different  characteristics  that  will  be  outlined  below.
Usually an administration of prostaglandin F2α  is  performed one day before the
end of the superovulatory treatment, to ensure corpus luteum regression and the
donors  are  artificially  or  naturally  inseminated  about  60  and  74  hours  after
prostaglandin. If  the buffaloes undergo artificial  insemination (AI),  it  would be
advisable to perform a GnRH injection on the day before AI, to synchronize the
ovulations.

4. UTERINE FLUSHING

Six or seven days after insemination, non surgical embryo collection is carried out
by performing an uterine flushing with the aid of a Foley catheter. This is inserted
in the uterus by using a stiffening stylet until about 2/3 of each uterine horn. The
Foley  catheter  is  characterized  by  two  separated  channels  (2-way  catheter),  or
lumens, running down its length. One channel is open at both ends and allows the
inflow and outflow of flushing medium. The other channel shows a valve on the
outside end and a balloon on the opposite site (tip). By this valve, the operator can
inflate the balloon with air when it lies inside the uterine horn in order to stop it
from slipping out. The Foley catheter (Fig. 2) is inserted through the genital tract
till it reaches the first of the two horns, and at that point air is insufflated into the
balloon.  The uterine horns in buffalo are less extensible and elastic than cattle,
also due to the presence of an intercornual ligament which tightly joins the two
horns for a longer extension starting from their anatomical basis [19]. Therefore,
the  insertion  of  the  catheter  for  embryo  collection  is  not  easy  as  in  cattle  and
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expose the basis of the horn to the risk of laceration if the balloon pressure is not
suitably regulated [20]. Usually 8 to 22 cc of air are used in the buffalo species
[17].

Fig. (2). Foley catheters.

The inflated balloon will seal the cranial portion of the uterine horn, in order to
avoid retrograde fluid loss from the uterus, when the flushing medium is released
into the uterine horn, to recover the embryos. After a small amount (100-150 ml)
of  flushing  medium  is  inserted  into  the  uterus,  the  fluid  is  recovered  into  a
collection container.  This process is  repeated on each of the two uterine horns.
Each uterine horn is flushed with commercially available, complete, and ready-to-
use flushing media. These embryo flushing solutions also contain antibiotics and
bovine serum albumin as a source of protein. Some commercial preparations of
complete flush media also contain surfactants to minimize the formation of foam
and  bubbles  in  the  embryo  search  dish.  In  the  past,  the  flush  media  had  to  be
prepared  for  each  collection  and  consisted  primarily  of  Dulbecco's  phosphate
buffered saline supplemented with antibiotics and 1% fetal/calf bovine serum (or
alternatively,  0.1%  bovine  serum  albumin).  This  solution  is  actually  largely
utilized  in  the  world  for  its  low  costs.  It  is  also  important  that  the  flushing
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solutions are maintained at a temperature of 30-35°C, to avoid thermal shock to
the embryos (Fig. 3).

Fig. (3). Schematic representation of flushing.

Some  studies  performed  on  the  development  of  preimplantation  embryos  in
superovulated buffalo [21 - 24] give indication of a faster rate of development in
this species when compared to cattle. These results have been confirmed in other
studies on in vitro embryo development, showing that buffalo embryos are 12 to
24 hours more advanced than the bovine counterparts developing in parallel [25].
Oocytes and embryos in buffaloes remain in the oviduct for a period varying from
74  and  100  hours  post-fertilization  [26]  and  hence  reach  the  uterus  4.5-5  days
after  fertilization.  This  knowledge  was  acquired  by  performing  flushing  on
oviducts and uteri of superovulated animals at different hours post-insemination.
Similarly, in Nili-Ravi buffaloes [23], at 85 hours post insemination the embryos
are in the oviduct, whereas at 108 hours about 78% of the embryos descend from
the oviduct into the uterus. It seems that buffalo embryos reach the uterus when
they are at the developmental stage of morula [23], similarly to what described in
cattle at 120 hours [27]. This would confirm the earlier development of buffalo
embryos  compared  to  cattle.  Compact  morulae  are  observed  from  125  to  152
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hours post-estrus and blastocysts from 141 hours. Similar data have been reported
also in Nili Ravi buffaloes, in which the recovery of compact morulae occurs at
about 132 hrs post estrus [28]. For this reason, it is reasonable to anticipate the
flushing in buffaloes on day 6 rather than on day 7 as usually performed in cattle.

5. EMBRYO COLLECTION

Following completion of flushing, the catheter balloon is deflated and the catheter
content is carefully allowed to flow into a sterile container located at the end of
the  outflow tubing.  Usually  an  embryo  filter  is  located  at  the  end  of  the  Foley
catheter.  Otherwise,  the  flushed  medium  can  be  decanted  and  subsequently
filtered.  The  filtered  medium  is  dispensed  into  a  search  dish  with  grid  and
visualized using a stereoscope (dissecting microscope) at 10× magnification. All
embryos  are  moved  into  a  clean  dish  containing  holding  media  with  a  higher
concentration  of  bovine  fetal/calf  serum  (10%–20%)  or  bovine  serum  albumin
(0.4%).

Embryos  are  then  visualized  at  a  higher  magnification  (40–60×)  and  classified
according to their morphology, stage of development (unfertilized oocytes, early
morula,  tight  morula,  blastocyst,  expanded  blastocyst,  hatched  blastocyst),  and
quality  (excellent,  good,  fair,  poor  and  degenerate)  [29].  The  quality  score  is
based  on  morphologic  assessment  of  the  physical  integrity  of  embryos  and
morphologic  characteristics  according  to  the  stage  of  embryonic  development,
compaction status, color of cytoplasm, areas of cellular degeneration, number of
extruded blastomeres, size of perivitelline space, and the size and sphericity of the
embryo.

Only embryos classified as fair, good, or excellent should be transferred. Embryos
are kept in holding media after being washed at least three times. Embryo washing
is  performed  by  transferring  embryos  into  different,  clean  wells  containing
holding media [29]. This procedure, recommended by the International Embryo
Transfer Society, aids in removing cellular debris and potential pathogens adhered
to  the  zona  pellucida.  Embryos  are  then  kept  in  holding  media  at  room
temperature.  At  this  point  the  embryos  may  have  different  fate:  transfer  into
recipients, freezing, bisection (splitting), or determination of gender by embryo
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sexing [29].

It  is  worth pointing out  that  several  studies demonstrated that  in vivo  produced
embryos are characterized by higher resistance to cryopreservation compared to
the in vitro  counterparts, probably for the beneficial effects of some substances
produced in the oviduct [30]. The possibility to cryopreserve embryos, enables a
better utilization of embryos outside of the synchronization protocols required for
transferring fresh embryos on a number of suitable and readily available recipients
[31]. In fact, it has to be underlined that recipients need to be in the same stage of
the estrous cycle of the donor, and in addition, the variability in terms of response
to MOET does not allow to foresee the correct number of animals that have to be
synchronized.

6. FACTORS AFFECTING MOET

Several  factors  are  accounted  for  influencing  the  superovulatory  response  in
buffalo. In particular we can distinguish factors that are intrinsic and extrinsic to
the animal.

6.1. Intrinsic Factors

6.1.1. Age of the Donor

As in cattle, conflicting results are reported for buffaloes, regarding the influence
of the age of the donor on MOET schedules. Usually buffalo heifers show high
positive response to MOET in terms of ovulations and recovery rate [32], but a
high incidence of oocytes rather than embryos are recovered. This is probably due
to  the  difficulty  to  rely  on  a  uniform sexual  maturity  among  animals,  due  to  a
large variability of the population [17]. Therefore, the high oocyte recovery after
hormonal  administration  and  flushing  may  be  explained  by  a  failure  in
fertilization,  caused by incompetent  oocytes  or  not  capacitated  sperm cells,  for
inadequate  uterine  environment.  Furthermore,  it  is  worth  noting  that  the
reproductive tract in buffaloes has a reduced size than the bovine counterpart [19].
Therefore,  if  the  animals  do  not  show an  adequate  uterus  development,  it  may
result  difficult  to  perform  the  flushing.  In  any  case,  no  differences  have  been
observed in animals of different age or parity in terms of embryo recovery [18].
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6.1.2. Stage of the Estrous Cycle

The  stage  of  the  estrous  cycle  when  MOET  is  initiated  is  one  of  the  most
important  factors  that  can influence the response to the treatment.  As specified
above, the greatest embryo recovery has been observed when MOET starts 8 to 12
days after estrus, in correspondence with the emergence of the second follicular
wave  [33,  34],  although  similar  results  in  terms  of  embryo  recovery  rate  are
reported when MOET treatment is initiated between days 12 and 15 after estrus
[35].  However,  as  above  reported,  the  day  of  emergence  of  the  second  wave
differs  between  buffaloes  displaying  either  two  or  three  waves  per  cycle.  This
condition does not seem to be essential in order to improve MOET response in
buffalo,  since  superovulated  animals  with  2  or  3  follicular  waves  [36]  show
similar number of follicles (7.50 vs. 7.33), ovulations (5.81 vs. 6.08), corpora lutea
(3.94 vs. 4.42), recovered embryo+ova (2.69 vs. 2.69) and transferable embryos
(1.06 vs.  1.17).  Furthermore,  because  of  the  large  variability  in  terms of  estrus
duration in buffaloes, the prediction of ovulation can be hardly foreseen [10, 37].
The response to MOET treatments is definitely greatest if hormonal treatments are
administered when follicular wave emergence is recorded, rather than 1 or 2 days
before or later. Therefore, the synchronization of follicular wave emergence is a
key  point  to  improve  the  superovulatory  response  [38],  making  it  necessary  to
synchronise  the  timing  of  follicular  wave  emergence.  Recently,  it  has  been
observed that the initiation of the treatment on days 7 to 8 seems to give better
superovulatory response compared to 9 to 10 or 13 to 14 [39].

6.1.3. Progesterone Levels During MOET Treatment

If the stage of the estrous cycle at the initiation of MOET protocol is random, the
influence  of  progesterone  on  the  superovulatory  response  has  to  be  taken  into
consideration.  Although  some  old  studies  failed  to  highlight  a  significant
correlation between progesterone concentration on the day of FSH administration
and superovulatory response [40], a positive correlation between embryo recovery
rate and progesterone circulating blood levels has been largely demonstrated in
both cattle [41] and buffalo [42, 43]. In fact, it has been demonstrated in vitro that
in the rat,  progesterone is  able to act  on the LH β-subunits  within the pituitary
gland,  by  inducing  its  secretion  [44]  and  storage.  It  is  also  known  that  GnRH
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pulsatility  and  the  release  of  this  hormone  in  the  hypothalamus-pituitary
circulation is diminished by P4 levels in vivo [45]. As GnRH regulates the number
of its receptors, it has been supposed that P4 levels may also be able to decrease
pituitary responsiveness to GnRH [46]. Therefore, it is likely that high P4 levels
during  the  first  days  of  superovulatory  treatment,  may  increase  LH  storage  in
pituitary gland and augment GnRH induced LH release [46]. Furthermore, high
progesterone levels seem to be mandatory to improve embryo quality, by acting
on oocytes developmental competence in sheep [47].

Buffaloes  with  more  than  2  ng/ml  plasma  progesterone  levels  show  better
superovulatory  response  compared  to  those  with  less  than  2  ng/ml  [48].
Exogenous progesterone administered by intravaginal device can also be used to
increase progesterone levels on the day of starting MOET treatment [49], resulting
in  higher  number  of  corpora  lutea  and  recovered  embryos  (flushing)  on  day  6
post-oestrus.

6.1.4. Presence or Absence of Dominant Follicle

The evaluation of the follicular population at the start of any MOET program is
another factor that has to be considered. During a follicular wave, inhibin secreted
by the dominant follicle causes the regression of subordinate follicles by in turn
decreasing FSH level.  Therefore, gonadotrophin treatment has to be initiated at
the time of follicular wave emergence, optimizing the number of follicles that can
be recruited overriding thus the inhibitory effect of the dominant follicle over the
subordinate follicles. The presence of a dominant follicle on the day of initiation
of MOET schedule, significantly influences embryo recovery rate, reducing the
number of follicles that can be recruited and increasing the incidence of those that
are  encountering  atresia.  Italian  Mediterranean  buffaloes  superovulated  in  the
absence  of  a  dominant  follicle  show  higher  recovery  rate  (3.0  vs.  1.87,
respectively)  and  number  of  transferable  embryos  (2.92  vs.  1.74,  respectively),
than those superovulated in its presence [17]. Similar evidences are reported also
for Egyptian buffaloes [50]. The influence of the dominant follicle is still unclear
in  Murrah  buffaloes.  Some  reports  highlight  no  differences  in  terms  of  serum
progesterone concentration affecting recovery rate  or  transferable  embryos,  but
only a higher number of corpora lutea on the day of flushing [51]. In other studies
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a similar number of corpora lutea and embryos has been observed, together with a
higher  number  of  large  follicles  during  MOET  treatment  [52].  A  possible
hypothesis  to  explain  these  discrepant  results,  may  be  found  in  the  functional
status of  the dominant  follicle  at  the start  of  the superovulatory treatment.  It  is
known that  during a  normal  follicular  wave the dominant  follicle  has  a  growth
phase, followed by a static and regression phases [12]. The beginning of MOET
during one of these phases results in different response, because of the different
activity  of  the  dominant  follicle  on the  subordinates.  Furthermore,  in  cattle  the
number of follicles of 3 to 8 mm in diameter is highly correlated with the absence
of  a  dominant  follicle,  detected  by  a  single  ultrasound  examination  [53].
Nevertheless,  the  number  of  small  and  medium  follicles  prior  to  initiation  of
superovulation  in  buffaloes  is  not  always  different  among  animals  that  show a
dominant follicle, compared to those that do not show it [52]. Therefore, it can be
concluded that the morphological criteria that take into account only the size of
any  large  follicle,  are  not  sufficient  to  predict  the  response  of  buffaloes  to  the
superovulatory treatment.

Several  methods  have  been  applied  to  remove  the  influence  of  the  dominant
follicle. Previously it has been specified that SO is usually carried out in presence
of  a  progesterone  releasing  intravaginal  device,  with  or  without  estradiol.  The
latter  can  also  be  administered  before  initiating  treatment  together  with  a
progesterone releasing intravaginal device, causing the regression of the dominant
follicle [54]. Alternatively, since in some countries the utilization of estradiol is
not  allowed,  a  single  GnRH  injection  can  be  performed  36  hours  before  the
application  of  a  progesterone  releasing  intravaginal  device.  High  progesterone
levels suppress follicular growth, maintaining a high number of small follicles on
the ovary when MOET treatment is initiated.

6.1.5. Genetic Factors on SO

There  are  two  main  types  of  domestic  buffalo:  the  River  buffalo  of  the  Indian
subcontinent with 50 pairs of chromosomes and the Swamp buffalo of the South
Asian region with 48 pairs of chromosomes. Crossbreeding by mating the River
and  the  Swamp  buffalo  has  been  practiced  in  many  countries.  This  mating
produces  a  F1  hybrid  with  a  chromosome  complement  of  2n  =  49.  Slight
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differences  have  been  observed  after  SO  in  these  three  genotypes.  Usually,
crossbred and Swamp buffaloes show a shorter ovary diameter compared to the
River, although this is not a good indicator to predict the number of embryos that
will be collected. In fact, both the number of corpora lutea and embryos are not
different  among  the  three  genotypes  (on  average  6  corpora  lutea  and  2-2.7
embryos/donor)  [55].

Genetic factors have to be considered in terms of individual differences among
subjects. In fact, cows which respond poorly to the first superovulation treatment
have  a  tendency  to  respond  poorly  to  subsequent  superovulations,  while  those
which respond well to first  superovulation continue to do so during subsequent
treatments  in  both  cattle  [56]  and buffalo  [17].  Genetic  constitution  of  a  donor
having more sensitivity to exogenous gonadotropins appears to be the reason for
such variations. Some studies have shown that IGF-1, the main receptor of IGF, is
involved  in  some  physiological  processes,  including  ovarian  follicular
development [57, 58], ovulation [59], pre-implantation embryo development [60],
conception and growth. Previous reports have found a tight correlation between
oocyte  quality,  embryo  viability  and  IGF-1  blood  levels  in  ruminants  that  had
undergone hormonal treatments for superovulation.

6.2. Extrinsic Factors

6.2.1. MOET Schedules and Different Types of Gonadotrophins

As  indicated  above,  three  different  types  of  gonadotrophins  can  be  utilized  to
induce  SO.  Equine  chorionic  gonadotrophin  (eCG),  or  pregnant  mare  serum
gonadotrophin (PMSG), is a complex glycoprotein characterized by both FSH and
LH activity [61], that has been largely used to induce SO because of its low cost
and easy availability. Its main characteristic is the long half-life, which is reported
to be around 40 hours in cattle. However, it persists in the bloodstream until 10
days  after  the  end  of  the  superovulation  treatment.  Although  this  can  be
considered an advantage, since one single administration is sufficient to ensure an
optimal superovulatory response, facilitating animals management and handling,
on the other hand the prolonged high eCG circulating levels can lead to ovarian
hyperstimulation, abnormal endocrine profiles and high incidence of anovulatory
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follicles  [26].  In  fact,  after  eCG  treatment  some  follicles  tend  to  luteinize  and
others  develop  in  cysts,  rather  than  ovulate  [62]  by  altering  the
estradiol:progesterone ratio. Elevated progesterone concentration in coincidence
with LH surge may be responsible for asynchrony in LH peak, impaired gamete
transport  and  both  poor  fertilization  rate  and  embryo  development.  On  the
contrary  high  progesterone  levels  (more  than  2.3  ng/ml)  on  the  day  of  eCG
administration  seems  to  be  associated  with  higher  embryo  recovery  [36].
Furthermore,  treatment  with  eCG  in  buffaloes  for  superovulation  results  in
elevated plasma inhibin from fully developed follicles persisting for a long time
and  culminating  in  the  inhibition  of  FSH,  leading  to  poor  ovulation  of  the
remaining  follicles  [63].

A further aspect that  needs to be considered is that  commercial  preparations of
eCG  are  partially  purified  from  the  serum  of  pregnant  mares  [64].  Hormone
concentration can be different at different times of gestation and, hence, among
different batches, leading to a variability in terms of superovulatory response and
embryo recovery. The treatment schedule consists in the intramuscular injection
of dosages variable between 2,500 to 4,000 IU, although the 3,000 IU is the most
common  dose [65]. A  schematic  representation of  eCG  treatment is  shown  in
Fig. (4).

Fig. (4). Superovulation treatment by eCG.

Mean embryo recovery rate is reported between 0.7 [26] and 2 [36, 66] embryos.
The ovarian response to eCG treatment has also been tested on prepubertal buffalo
heifers  in  association  with  GnRH  reporting  a  mean  number  of  4.5  to  5
ovulations/heifer. This allow us to believe that embryo recovery in heifers would
not  be  so  different  from  what  reported  in  adult  buffaloes.  Furthermore,  GnRH
administration has no influence on the total ovulation rate, although it  allows a
reduction in the interval between the first and the last ovulation (about 20 hours
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compared to 40 in GnRH treated and control buffaloes, respectively).

To overcome the problems related with eCG prolonged half-life, some protocols
have been developed. These protocols are based on the intravenous administration
of  monoclonal  or  polyclonal  antibodies  to  eCG  at  the  time  of  the  first
insemination,  12  to  18  hours  after  the  onset  of  estrus  (Fig.  5).  Treatment  with
Neutra-eCG  results  in  a  significant  decrease  in  the  peripheral  inhibin
concentration  at  84  to  120  hours  after  prostaglandin  administration  and  in  the
number of large anovulatory follicles at 168 hours, although the number of large
follicles is lower than that recorded in buffaloes treated by eCG alone [68]. For
this  reason  no  differences  in  terms  of  number  of  corpora  lutea  is  recorded.
However,  embryo  recovery  rate  by  using  antibodies  versus  eCG  is  about
1.51/donor,  with  1  transferable  embryo/donor,  similarly  thus  to  what  obtained
with eCG alone [69].

Fig. (5). Superovulation treatment by eCG and antibodies anti-eCG.

Pituitary extracts of FSH and LH are the main gonadotrophins actually utilized for
MOET in buffalo. The two most commonly used commercial FSH preparations
are  made  from porcine  pituitary  extracts  and  contain  some  contamination  with
luteinizing  hormone  (LH).  If  high  amounts  of  LH  in  FSH  preparations  may
interfere with optimal superovulatory response, it  is believed though that a low
level  of  LH  contamination  does  not  interfere  and  may  even  be  needed  for
superovulation [70]. In any case, the maximum level of contamination of LH in
pituitary  extract  for  SO,  would  not  exceed  15-20%.  This  variability  may  be
reduced by using bovine FSH produced by recombinant DNA technology [71].
However, no trials have been performed until now in the buffalo species. As FSH
is characterized by short half-life, pituitary extracts are usually administered twice
daily, with schedules of 3 to 5 consecutive days
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Fig. (6). Superovulation treatment by FSH or FSH+LH.

Regimens  with  constant,  decreasing  or  increasing  dosages  have  been  utilized
(from 800 to 1200 IU), although no differences have been observed in terms of
embryo recovery [17]. It is reasonable not to administer dosages lower than 700
IU of  FSH,  being not  able  to  induce a  good response in  buffaloes.  Usually  the
administration  of  a  decreasing  dosage  is  preferred,  to  increase  follicular
recruitment  and  development.  Furthermore,  it  has  to  be  considered  a  further
increase  or  decrease  of  about  20%,  if  buffaloes  weighing  more  than  800  kg  or
heifers are treated, respectively. Some attempts have been made in order to reduce
the  number  of  FSH  administrations,  by  injecting  the  hormone  with  some
substances  characterized  by  slow  releasing  (eg.  PVP)  subcutaneously  or
intramuscularly.  However,  single injection seems to result  in lower response to
MOET compared to multiple dose injection regimens [18].

Embryo recovery rate is similar to what reported for treatment by eCG, varying
from 0.9 to 3.5 embryos or ova/donor [17, 49, 72, 73]. Mediterranean buffaloes
treated for MOET by a commercial pituitary extract preparation [17] responded
with 1.9 embryo/donor (and only 1.51 transferable embryos).

Human menopausal gonadotrophin has also been used to induce SO, with similar
results  to  those  obtained  by  pituitary  extracts.  However,  commercial  hMG
preparations  are  highly  expensive  and  are  scarcely  utilized  in  practice.

6.2.2. Influence of the Season

The season may influence the superovulatory response of buffaloes due to both
the intrinsic seasonality and weather conditions. It is known that the buffalo is a
short day breeder, and therefore tends to increase its reproductive activity when
day light  hours  decrease  [74].  This  condition  is  linked  to  its  tropical  origin.  In
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fact,  buffaloes  originate  from  north  equatorial  areas,  where  forage  availability
coincides with increasing dark hours. Therefore, it has been supposed that animals
which calve in the most suitable period for survival of the offspring are selected
[75].  Interestingly,  the  animals  retained  this  behaviour  even  when  they  were
transferred to places where forage is always (Italy) or less (Sud Equator areas like
Sao  Paulo,  Br)  available.  In  countries  like  Italy,  the  period  in  which  day  light
hours are lower than dark coincides with the autumn-winter and in this period the
buffalo shows its maximum reproductive efficiency [74]. Therefore, it would be
reasonable  to  believe  that  also  the  application  of  reproductive  biotechnologies
would lead to  the  maximum efficiency in  this  period.  On the contrary,  embryo
recovery rate after MOET in periods of decreasing daylight length may result in
lower response compared to other periods of the year [76]. It is likely that in some
trials,  also  hypofertile  buffaloes  may  be  uncorrectly  considered  cycling  and
utilized  for  SO,  leading  inevitably  to  low  efficiency  [17].  Since  only  cycling
animals are selected for superovulation, the application of such treatments out of
the  breeding  season allows to  select  high  fertile  animals,  that  are  able  to  show
high reproductive activity also when day light hours increase.

The  influence  of  extreme  weather  conditions  in  tropical  countries  on  the
superovulatory response in buffalo is controversial. In fact, although an effect of
high temperature and high humidity have been reported [77, 78], it is known that
because of its tropical origin, the buffalo does not undergo heat stress like cattle. It
is  likely  that  the  day  light  length  rather  than  weather  conditions  influences  the
superovulatory response.

6.2.3. Days Open

The number of days open significantly affects the response to MOET [76]. The
highest superovulatory response, together with the highest number of transferable
embryos per donor and the highest transferable embryos/corpora lutea ratio, are
obtained when animals between 61 and 220 days post-partum are superovulated
[17].  Buffaloes  that  undergo  MOET  schedules  within  60  days  post-partum,
produce mainly unfertilized oocytes, probably for the same reasons reported for
heifers  (inadequate  uterine  environment  for  sperm  cells  survival  or  inadequate
oocyte competence). The lack of response to MOET in buffaloes at more than 220



Multiple Ovulation and Embryo The Buffalo (Bubalus bubalis) - Production and Research   357

days  post-partum,  may  be  due  to  uterine  inflammations  or  deep  anestrus,
phenomena that these animals encounter when they are not pregnant for a long
time [17].

6.2.4. Influence of Nutrition

The influence of nutrition on reproductive efficiency is actually well established
[79],  although  some  mechanisms  remain  to  be  better  understood.  Diets
characterized by low starch content (<15.5%) and high cellulose content (>23%)
allow  to  obtain  the  maximum  superovulatory  response  in  buffaloes  treated  by
FSH [80]. This is particularly evident in buffaloes within 120 days post-partum,
during the catabolic phase of lactation, when the animals encounter the negative
energy balance.  This  interesting observation may be explained by the evidence
that  diets  characterized  by  low  energy  density  result  in  an  increase  of  small
follicles  and  high  quality  oocytes  [81],  improving  blastocyst  yield  in  vitro.
Therefore, it is reasonable that diets with high quality forages (characterized by
high  nutritive  value  and  relatively  low  crude  fibre  level),  together  with  low
concentrates content in the diet of buffaloes utilized for SO [17], would be able to
meet nutritional requirements, without impairing reproductive efficiency.

Furthermore, meeting nutritional requirements is fundamental in order to ensure a
proper  body  condition  score  (BCS),  that  was  demonstrated  to  affect  the
reproductive  efficiency  [82].  The  BCS system is  a  method  that  can  be  used  to
evaluate the body reserves of dairy animals [83].

A BCS score higher than 4 or lower than 2.5 (in a 1 to 5 scale) results in lower
efficiency  in  Murrah  buffaloes  either  after  AI  [54]  or  natural  mating  [81].
Similarly,  low  pregnancy  rate  after  AI  [84]  has  been  observed  in  Italian
Mediterranean  buffaloes  with  a  BCS score  lower  than  6  [85].  A  lower  BCS is
responsible  for  lower  LH  pulsatility,  impairing  the  efficiency  of  reproductive
biotechnologies,  such  as  artificial  insemination  and  MOET.

6.2.5. r-BST Priming

In order to improve the response of the follicular population to MOET treatment,
a somatotropin (r-BST) priming has been utilized in both cattle [86] and buffalo
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[87]. The beneficial effect of r-BST, in fact, is due to increasing levels of Insulin-
like Growth Factor  I  (IGF-I),  which can act  synergistically  with FSH, via  both
increasing the number of small follicles with diameter lower than 5 mm [88] on
the ovary and the number of LH receptors on the granulosa cells. Consequently,
follicular  growth  and  oocyte  quality  are  improved.  Furthermore,  IGF-I  favours
cumulus  cells  expansion [89]  and this  can contribute  to  oocyte  adhesion to  the
fimbriae after ovulation [90].

Results  on  r-BST  influence  during  superovulation  in  buffalo  are  controversial.
Treatment  by  r-BST  in  Swamp  buffaloes  has  been  demonstrated  to  slightly
increase  the  number  of  corpora  lutea  and  recovered  ova  and  significantly  the
number of transferable embryos [87], leading to a mean recovery rate of about 3
transferable  embryos/donor.  Similarly,  superovulated  Mediterranean  buffaloes
treated  by  r-BST show a  lower  incidence  of  ovarian  cysts  and  higher  recovery
rate, in terms of both recovered ova and transferable embryos [20].

However, the dosage utilized seems to affect the superovulatory response. Good
results have been obtained by using a 250 mg dosage, administered on the day of
progesterone releasing device insertion (Day 0)  and starting the  superovulation
schedules on both day 4 [90] or day 9-11 [87]. On the contrary contrasting results
are reported by the use of 500 mg, since in some studies a great improvement in
terms of ovulation rate and embryo recovery is reported [91], whereas no effect
has been found in other trials [90].

6.2.6. Ovum Pick-Up [OPU] Priming

OPU  technology  consists  in  the  collection  of  oocytes  by  means  of  ultrasound
guided follicular aspiration [92]. The ultrasound technology utilized during OPU
allows  to  identify  and  aspirate  all  follicles  with  diameter  >  2mm,  resetting  the
estrous  cycle  and  avoiding  the  phenomenon  of  follicular  dominance  (and
subordinates follicle regression). It is usually performed 3 – 4 days apart, in order
to  allow  follicular  growth  [25],  although  in  buffaloes  higher  intervals  may  be
necessary [93]. The reduction of atresia increases the number of cumulus oocyte
complexes usable for in vitro embryo production (IVEP), as well as their quality
[25].
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OPU  priming  can  be  utilized  to  reset  follicular  population  before  initiating
superovulation,  avoiding  the  negative  influence  of  the  dominant  follicle  on  the
subordinates  and  improving  oocyte  quality.  OPU  priming  in  buffaloes  [16]
increases the number of animals that are able to respond with at least one embryo
(more  than  68%  vs.  53%,  in  buffaloes  undergone  OPU  priming  and  controls,
respectively), and this is particularly evident during periods of decreasing daylight
length  (84  vs.  15%,  in  buffaloes  undergone  OPU  priming  and  controls,
respectively).  In  the  same  period,  OPU  primed  buffaloes  show  a  higher
ova/corpora  lutea  ratio  (47  vs.  12%,  in  buffaloes  undergone  OPU  priming  and
controls,  respectively)  and  transferable  embryos  (3.2  vs.  0.5,  in  buffaloes
undergone OPU priming and controls, respectively). During periods of increasing
daylight length no differences have been observed between buffaloes undergone
OPU priming and the control counterpart. This interesting observation would be
confirmed  by  the  absence  of  differences  between  buffaloes  undergone  OPU
priming in presence of a dominant follicle and those that do not show dominant
follicles [17].

6.2.7. Influence of Interval Between PGF and Estrus

The  interval  between  prostaglandin  administration  and  estrus  is  important  to
foresee the superovulatory response. Usually more than 90% of animals exhibits
estrus  within  48  hours  after  PGF2α  administration  [94].  Interestingly,  higher
recovery  rate  and  number  of  viable  embryos  are  observed  in  these  animals
compared to those that exhibit estrus later. It is likely that late estrus signs may be
associated with delayed (or failure) ovulation and lack of oocyte fertilization.

6.2.8. Repeated Superovulation

Repeated SO is usually utilized to increase the number of recovered embryos from
animals  of  high genetic  value.  Usually,  it  would be reasonable to  carry out  the
hormonal treatment on the same animal at least 80 or 100 days apart, in cattle and
buffalo  respectively.  The  first  variable  that  has  to  be  considered  is  the  type  of
gonadotrophin  that  is  utilized.  Swamp  buffaloes,  treated  by  eCG  for  four
successive  superovulatory  treatment,  undergo  a  high  incidence  of  anovulatory
large follicles (cysts) and reduced embryo recovery rate [95]. This is probably due



360   The Buffalo (Bubalus bubalis) - Production and Research Neglia and Bifulco

to the long half-life of eCG and, consequently, the continuous ovarian stimulation.
Therefore,  the  utilization  of  pituitary  extracts  is  preferred.  When  buffaloes  are
treated repeatedly for SO by FSH for six times 77 days apart, a marked decline
(about  50%)  in  ovulation  rate,  corpora  lutea  and  embryo  recovery  is  recorded
[78].  However,  it  is  worth  pointing  out  that  MOET  treatments  carried  out  for
successive 6 sessions do not influence the reproductive efficiency of the animals,
since more than 80% pregnancy rate and about 1.8 services/conception after the
last treatment are reported.

6.2.9. Utilization of Exogenous LH

An  improvement  in  MOET  treatment  in  cattle,  has  been  obtained  by  using  a
GnRH agonist  – LH protocol [96].  It  is  based on the block of the preovulatory
endogenous  LH  surge  by  treatment  with  a  GnRH  agonist  bioimplant.  The
ovulation  is  achieved  by  the  exogenous  administration  of  LH  after  follicular
superstimulation. The advantage of this protocol is that the ovulations occur over
a relatively short and predictable period of time after LH administration [97]. The
application of such protocol in buffaloes foresees a conventional superstimulatory
protocol, followed 24 hours later by an injection of exogenous LH. It results in
higher ovulation rate (about 70%) and higher embryo recovery rate (3.7 embryos
on average) compared to animals treated by a conventional MOET protocol, or in
those in which LH is administered 36 hours after the superstimulatory protocol
[73].  A  further  improvement  of  this  protocol  may  be  obtained  by  an  estradiol
treatment, performed at the start of the superovulation protocol: in this case it is
likely that higher follicular responses and ovulation rate are observed.

6.2.10. Administration of Prostaglandin on the Day of Artificial Insemination

It is known that an injection of PGF2α or its analogues causes corpus luteum (CL)
regression  from  day  5-6  to  day  15-17  of  the  estrous  cycle,  by  increasing  the
intraluteal production of vasoactive molecules, such as Endothelin-1 (ET-1) [98];
and Angiotensin-II (Ang-II) [99], both of which play a role during the luteolytic
process. On the contrary, the role of PGF2α administered during the estrous phase
is still unclear. It has been shown that inhibitors of prostaglandin synthesis inhibit
ovulation [100], and that the administration of PGF2α on the day of AI increases
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corpus luteum dimensions and progesterone production at the end of a standard
(Ovsynch-TAI) synchronization treatment in buffalo [101], probably via ET-1 and
Ang-II gene expression inhibition [102 - 104]. Furthermore, the stimulation of α-
receptors in the ampulla and fimbriae by prostaglandins increases the contractility
of smooth muscle, thus affecting gametes transportation [105]. The influence of
prostaglandin  during  the  ovulation  may  be  due  to  its  action  during  follicular
rupture.  In  fact,  the  ovulatory  process  involves  a  complex  series  of  events  that
result in preovulatory follicle outbreak and cumulus oocyte complex release into
the oviduct. The LH peak causes the activation of a novel form of cyclooxygenase
(COX-2)  enzyme,  localized  in  the  granulosa  cells  of  the  preovulatory  follicle
[106],  increasing  the  intrafollicular  concentrations  of  prostaglandin  F2α  and  E2.
These are responsible for the increased contraction of the myoid (smooth muscle)
components of the ovary, leading to ovulation [107].

The administration of prostaglandin F2α during the periovulatory period has been
utilized  also  during  superovulatory  treatment,  to  verify  the  possibility  of
increasing oocyte capture by the fimbriae [108]. Although the number of follicles
recruited  is  not  influenced,  a  higher  number  of  ova  (3.5  vs.  2.3,  in  buffaloes
treated with prostaglandin and not treated, respectively) and transferable embryos
(2.7 vs. 1.8, in buffaloes treated with prostaglandin and not treated, respectively)
are recovered in buffaloes treated with 4 doses of prostaglandins 12 hours apart,
starting  from  the  end  of  the  superovulatory  treatment.  This  is  probably  due  to
both:  1)  improved  contractions  of  the  follicular  wall,  which  then  ruptures,
expelling the ovum and accompanying follicular fluid containing high levels of
PGF2α  into  the  tubal  ampulla  [109]  and  2)  increased  contractile  activity  of  the
tubes. In fact, it is believed that elevated PGF2α  levels in the follicular fluid are
necessary to enhance ovum capture by tubal fimbriae. Furthermore, the increased
contractility  of  the  oviductal  smooth  muscles,  results  in  increased  speed  of
embryonic  transport  and  development  [110,  111].

6.2.11. Immunisation Against Inhibin

Although  the  number  of  ovarian  follicles  recruited  in  a  cohort  wave  is  similar
between buffalo and cattle [4, 37, 54], the number of recovered embryos in the
former  is  very  low.  The  developing  dominant  follicle  produces  inhibin,  a
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substance that inhibit both pituitary FSH secretion and follicular development of
subordinates.  The  immunoneutralisation  against  inhibin  in  cattle  stimulates
follicle  development  [112],  embryo  yield  [113]  and  embryo  quality  [114],
reducing the phenomenon of follicular atresia. The immunisation against inhibin
improves  superovulatory  response  also  in  water  buffaloes  [115],  in  terms  of
improving  superovulation  rates  and  number  and  percentage  of  transferable
embryos,  as  well  as  elevating  plasma  E2  concentrations  during  estrus  and  P4

concentrations  during  diestrus.  In  particular,  the  utilization  of  primary
immunisation with 2 mg inhibin fusion protein is able to increase the ovulation
rate (6.5 vs  4.8, in treated and not treated animals, respectively), the number of
recovered ova (4.5 vs. 2.8, in treated and not treated animals, respectively) and the
number of transferable embryos (3.3 vs.  1.6, in treated and not treated animals,
respectively). On the other hand, as described above, the utilization of antibodies
anti-eCG reduces peripheral inhibin concentration and the number of anovulatory
follicles [68], slightly improving the superovulatory response.

7. THE APPLICATION OF MOET IN THE BUFFALO SPECIES

As  reported  in  the  introduction  of  this  chapter,  several  attempts  have  been
performed  to  optimize  the  MOET technology  in  the  buffalo  species.  However,
although  embryo  recovery  improved  in  the  last  thirty  years,  from  less  than  1
viable embryo to 2.5-3/donor, MOET in buffaloes typically results in a relatively
low recovery of both embryos and unfertilized ova [17, 18, 33, 34, 43, 49, 51, 68,
72,  73,  94,  116,  117]  when  compared  to  cattle  [4,  5]  throughout  the  world.  In
particular,  while  in  cattle  88%  of  animals  produce  at  least  1  embryo  after
superstimulation, the ratio of responsive buffaloes is between 30 and 50% [17].

Several  hypotheses  have  been  formulated  to  explain  the  low  embryo  recovery
recorded in the buffalo species after SO. It is known that oogenesis in cattle and
buffalo gonads starts during the fetal life, resulting in the formation of a pool of
primordial follicles, which represents the source of gametes throughout the life of
the female. The number of primordial follicles represents the first great difference
between  cattle  and  buffalo.  In  fact,  while  in  cattle  the  number  of  primordial
follicles from the birth to about 4th year of life is 133,000 [118, 119], only 26,600
[120] or 40,000 [121, 122] primordial follicles have been recorded, in swamp and



Multiple Ovulation and Embryo The Buffalo (Bubalus bubalis) - Production and Research   363

riverine buffaloes, respectively. Therefore, if buffaloes have about 20-30% of the
total  pool  of  primordial  follicles  compared  to  cattle,  it  would  be  reasonable  to
conclude that the response to SO treatment in terms of embryo yield in the former
is about 1/5 compared to the latter. However, this hypothesis leaves some doubts,
since  the  response  of  the  buffalo  in  terms  of  follicles  >  1cm  at  the  end  of  the
MOET treatment is quite satisfactory. Some studies [49, 54, 73] demonstrated that
MOET  programs  usually  result  in  the  growth  of  a  high  number  of  ovulatory
follicles,  together  with  a  relatively  high  ovulation  rate  (50-70%),  although
embryo/ova  recovery  rate  is  very  low  (13-35%).

Therefore,  it  has  been  supposed  that  follicular  growth  and  ovulation  cannot  be
considered the causes for low embryo recovery in buffaloes. It is more likely that
the  recruitment  of  the  oocytes  by the  fimbriae  and/or  their  transport  within  the
oviduct is compromised [73]. Plasma 17-β-estradiol (estradiol) levels recorded in
buffaloes  are  lower  than  those  reported  in  cattle  during  normal  estrous  cycles
[123].  On  the  contrary,  estradiol  plasma  concentrations  are  particularly  high
during  SO  [58],  resulting  in  an  altered  estradiol:progesterone  ratio,  that  may
influence  oocyte  recruitment  by  the  fimbriae  [24].  This  would  be  further
confirmed by the negative correlation observed between the presence of a high
number of large (>8 mm) follicles on the day of embryo recovery and the number
of recovered embryos [24, 54]. Furthermore, it is worth noting that the quality of
the oocyte and especially the cumulus cell layers surrounding it are factors that
may affect  oocyte capture by the fimbriae [124].  Grade I  and II  oocytes (those
surrounded by several granulosa cell layers) represent only about 50-60% [93] of
the total oocytes retrieved in buffaloes, whereas about 80% of the same categories
is retrieved in cattle.

In conclusion, the application of MOET in buffalo still needs to be improved, by
increasing both the number of animals that are able to produce at least one embryo
and, possibly, a higher number of recovered embryos.
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Abstract:  In  consideration  of  the  typically  low  efficiency  of  MOET  programs  in
buffaloes,  in  the  past  two  decades  there  has  been  a  mushrooming  interest  in  the
exploitation of in vitro  embryo production procedures (IVEP), employed for a more
rapid  and  targeted  improvement  and  propagation  of  superior  genetics  from  elite
animals.  Procedures  that  had been used in  cattle  successfully,  were also used in  the
very first attempts in buffaloes, although a significant improvement in the efficiency of
the  entire  process  in  the  buffalo  species  has  been  achieved  in  the  course  of  the
intervening  years  through  novel  information  on  oocyte  and  embryo  culture
requirements. This review aims at describing the state of the art of IVEP in the buffalo
species,  the  results  and  improvements  obtained  together  with  the  difficulties  and
limitations  still  to  be  overcome.

Keywords: Buffalo, Cryopreservation, In vitro produced embryos, Sperm sexing.

1. INTRODUCTION

Buffaloes  have  been  playing  over  time  an  important  role  in  countries
characterized  by  a  number  of  disadvantages,  both  in  terms  of  climate  and
agricultural production systems. Interest in this species has then, for these main
reasons, grown up steadily in recent years. The river buffalo can be considered a
dairy  producer that  has no match  in developing  countries, characterized also  by
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particular environmental conditions typical of the tropics north of the equator. In
those climate conditions, the buffalo is used to compensate for the lack of cattle
milk in the course of the rainy season (winter to spring), enabling thus people to
make  use  of  animal  proteins  at  competitive  costs.  This  can  happen  thanks
especially to the special  interaction occurring between reproductive seasonality
typical of this species, together with availability of forage throughout the year and
external  environmental  conditions.  A  striking  evidence  underlining  the
importance of this species is given by the mushrooming increase in the total world
buffalo population in the course of the last 40 years, adding up to 86% especially
when  compared  to  the  cattle  counterpart,  with  only  a  34%.  In  Italy  the
Mediterranean  Italian  buffalo  is  the  only  livestock  species  that  has  shown  a
growing  trend  over  the  years;  it  is  an  important  economic  resource,  due  to  the
high market demand for mozzarella cheese, and its genetics is highly requested
around  the  world  due  to  its  high  milk  production.  The  increasing  demand  for
buffalo  milk  and  the  need  to  cut  production  costs  make  genetic  improvement
critical  for  successful  buffalo  breeding.  In  this  scenario,  programs  aimed  at
selecting the best animals through the adoption of newly developed reproductive
technologies,  can  be  completed  in  shorter  times  than  usually  expected  under
ordinary reproductive management. In addition, developing countries require the
availability  of  high  genetic  animals  as  quickly  as  possible,  and  in  this  context,
reproductive biotechnologies may offer a sharp help for example in replacing the
working  efficiency  of  local  swamp buffaloes  with  a  much  higher  efficiency  in
terms of milk produced from river buffaloes. This is a possible way to enhance the
availability of animal proteins for human need and consumption. In the past, one
of  the  most  applied  reproductive  technology  in  cattle,  was  also  employed  in
buffaloes,  in  order  to  increase  and  speed  up  the  genetic  gain  via  the  maternal
lineage.  In  fact,  attempts  were  made  to  induce  multiple  ovulations  for  in  vivo
embryo production in  buffalo  (MOET programs),  although the  obtained results
have always been inconsistent and embryo production was always significantly
reduced  when  compared  to  the  cattle  counterpart  [1  -  3].  For  this  reason,  and
thanks to the encouraging results reported in cattle, interest has been shifting to
the possibility to produce embryo following use of in vitro procedures (IVEP).

The first IVEP experiences were carried out on abattoir-derived oocytes mainly
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for research purposes and for the genetic rescue of highly valuable animals with
terminal  illness  or  characterized  by  reproductive  inefficiency,  or  else  for  mass
production of embryos. Very little impact on the genetic enhancement of animals
is  exerted  by  the  use  of  IVEP  procedures  for  embryo  mass  production,  using
oocytes derived from ovaries of slaughtered animals.

A boost in the spreading of IVEP procedure for the improvement of genetically
important traits in production animals, has been seen thanks to the development of
techniques for recovering immature oocytes from antral follicles in live animals,
termed Ovum Pick Up (OPU). Indeed, the in vivo collection of immature oocytes
by transvaginal ultrasound guided follicular aspiration, provided the lacking link
between IVEP technologies and animal breeding. The genetic progress through
the maternal lineage can be more efficiently and more quickly achieved through
the  combined  use  of  IVEP  procedure  and  OPU  technique,  thanks  also  to  the
repeatability of the procedure and its non invasive approach, leading to a higher
number of embryos produced on a long term basis. In addition to the poor embryo
output of MOET [1 - 3], and in comparison to MOET programs, characterized in
buffaloes by a low efficiency in terms of embryos produced and recovered [1 - 3],
the  synergistic  coupling  of  IVEP  and  OPU  allows  a  consistent  and  wider
production of embryos from animals that would have been otherwise discarded,
such as in the case of acyclic females, reproductive failures due to salpingitis or
infections  of  the  genital  tract,  unresponsiveness  to  hormonal  administration for
superovulation. In addition, even pregnant animals within their first trimester can
be used for embryo production through OPU.

The  introduction  of  OPU  in  cattle  dates  back  to  the  late  1980s,  and  became
operational in the early 1990s. OPU was first adopted in 1994, in buffaloes found
in deep anestrus characterized by hypotrophic ovaries [4, 5], and since then it has
spread in many other countries other than Italy [6 - 13], like Brazil [14, 15], China
([16,  17],  Argentina [18]  and India  [19,  20].  Therefore,  in  light  of  some of  the
above mentioned aspects, the coupling of IVEP and OPU techniques is the most
productive  and  efficient  approach  for  elite  embryo  production  (transferable
embryos) on an animal-donor basis and over long period of times. In addition, and
especially in the buffalo species, this is a very competitive combined technology
in terms of embryo yield when compared to MOET programs, due to the fact that
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these animals may be less responsive to hormonal stimulation for superovulation,
less amenable to the procedure due to seasonal anestrus, and overall produce less
embryos. Additionally, the procedure can be made even more efficient if, prior to
its implementation, animals can be monitored and selected on the basis of their
follicular dynamics and follicle count on the ovaries, bypassing thus the intrinsic
variability  among  animals  in  follicular  recruitment  per  each  wave,  consequent
retrieval of immature oocytes and final embryo production (1 to 25 blastocysts per
donor  in  3.5  months)  [13].  Interestingly,  it  was  recently  demonstrated  that  the
initial number of follicles and cumulus-oocyte-complexes (COCs) might predict
the  blastocyst  yields  in  a  long-term  period.  This  means  that  a  preliminary
screening,  performed  through  a  simple  ultrasonic  examination  of  the  animals,
allows the selection of the best oocyte donors and embryo producers [13].

Despite all the success in the exploitation of this procedure in buffaloes in recent
decades, as witnessed by the ever increasing blastocyst yield [21] and production
of offspring [10, 14, 16, 22], the viability of the same technology is still far from
reaching  a  commercial  consistency.  An  intrinsic  and  insuperable  limitation  in
buffaloes, is given by the reduced amount of recruitable follicles per wave, when
compared to cattle, together with a poorer viability of buffalo embryos possibly
caused  by  inadequate  culture  conditions,  and  a  higher  susceptibility  to
cryopreservation when buffalo embryos are produced in vitro, due mostly to their
greater lipid content [23]. All the above concurs to a poor pregnancy rates when
cryopreserved  IVP  embryos  are  transferred  into  synchronized  recipients.
Embryonic mortality following natural mating is a major cause for low birth rate
in  buffaloes  in  Italy  in  the  course  of  the  long  day  length  seasons  (spring  to
summer). Such embryo loss is further increased when reproductive technologies,
from  AI  to  transfer  of  IVP  embryos,  are  used  in  this  species  [24,  25].  This
phenomenon is due to the concourse of several factors such as the poor quality of
the  retrieved  oocytes  [12,  26]  and  the  poor  quality  of  the  developing  CL
characterized  by  lower  and  insufficient  progesterone  production  [24,  25].  In
addition,  the  buffalo  embryo  shows  a  marked  reduced  viability  when  its
production derives from the implementation of in vitro procedures, and a possible
major  cause  for  such  sub-optimal  viability  can  be  attributed  to  the  use  of  sub-
optimal  culture  conditions,  that  are  known  to  negatively  affect  all  the  events
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related  to  post-implantation  [27].

As an additional remark on the delay reported in this species with regard to the
scientific improvement through the use of the above mentioned newly developed
reproductive technologies, it is the lack or insufficient availability of experimental
material  and  animals  needed.  This  is  in  part  related  to  the  small  number  of
buffaloes and to the low culling rate compared to cattle. In Italy, for instance, the
estimated population of buffaloes is slightly less than 400,000 versus 7.2 million
cattle, and the culling rate is < 15% vs. > 35% for cattle. This scarcity is also due
to  differences  in  breeding  systems,  such  as  small  farms  scattered  over  large
territories in the majority of  the countries  with high buffalo population (China,
India).  One  of  the  reasons  for  the  low  availability  of  viable  buffaloes  is  to  be
found  in  their  long  reproductive  lifespan  (approximately  12  years  in  Italy,  and
even  longer  in  other  countries  like  China  and  South  East  Asia,  where  swamp
buffaloes are typically raised). Such animals are slaughtered only when old, at the
end  of  their  career,  due  to  compromised  health  or  impaired  reproductive
efficiency. Under such conditions, the rate of viable competent oocytes is quite
low  when  recovered  from  the  ovaries  of  slaughtered  animals.  Other  factors
impacting on the velocity of scientific gain over the past years are given by: i) the
relative recent appreciation of buffalo as an animal species of particular economic
importance,  delaying  thus  the  application  of  specific  studies  and  consequent
application of advanced reproductive techniques, which have started only in the
late 90s; ii) the highest availability of buffalo heads in countries characterized by
competent scientists dealing though with low funding for scientific enquiries and
lack of facilities. These aspects, together with the attitude to consider buffaloes as
ruminants very similar to cattle, has brought scientists to adopt the same strategies
and  procedures  to  produce  embryos  in  vitro,  with  the  inevitable  result  of  an
overall low efficiency. Differently, when laboratory procedures have focused on
species-specific differences, improvements have been reported over the last years
with  a  significant  increase  in  the  rate  of  late  stage  preimplantation  embryo
development  [21].

In  this  chapter  the  latest  advancements  of  the  last  decades  in  procedures  and
technologies related to in vitro embryo production and OPU will be given, while a
second part will be devoted to additional technologies evolving around oocyte and
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embryo cryopreservation, together with embryo and sperm sexing.

2. OOCYTE SOURCE AND QUALITY

A major limitation in the exploitation of the OPU / IVEP technology in buffaloes
is  given  by  their  intrinsic  physiological  reduced  follicular  population  when
compared to cattle, which corresponds to a lower number of retrieved immature
oocytes from live animals, with a reported average of 0.7 and 4.3 per animal [5,
28  -  30].  In  addition,  another  physiological  limitation  is  linked  to  the  higher
incidence of follicular atresia, resulting in a consequent reduced recovery of good
quality oocytes, which, according to several authors is 0.4 [28, 30], 0.9 [29], 1.76
[31],  and  2.4  [32].  When  considering  our  laboratory  setting  and  our  working
conditions,  ovaries  of  slaughtered  buffaloes  give  us  a  mean  of  4.3  oocytes
recovered of which 2.4 of good quality, per ovary [32]. Breeds may account for a
reported difference in these parameters in addition to age of the animals, health
conditions and nutritional status [33], known to affect follicular dynamics and its
hormonal inner working [34].

Several  factors  affect  oocyte  recovery,  such  as  the  ovarian  status  [35],  the
postpartum period [6 - 8], season [20, 36], etc.  There is a significant difference
between cattle and buffaloes with regard to the average number of good quality
oocytes obtained per ovary (approximately 10 per ovary in cattle) [37], which is
similar to the average number recovered per donor animal when OPU is applied to
the two species (approximately 4.5 in buffaloes vs. 10 in cattle) [38].

What  has  been  anticipated  so  far  in  this  review,  finds  its  reason  in  some
physiological features typical of the buffalo species, like: i) the approximately 10-
fold  lower  number  of  primordial  follicles  when  compared  to  cattle  (10,000  to
19,000 [39, 40] vs. 150,000 [41], respectively), ii) corresponding lower number of
available antral follicles throughout the estrous cycle [42], iii) higher incidence
compared  to  cattle  of  follicular  atresia  [43,  44]  as  observed  in  slaughterhouse
ovaries  and,  iiii)  not  surprisingly  smaller  size  of  ovaries  in  comparison  to  the
cattle  counterparts  [45].  Such  intrinsic  species-specific  features  represent
somehow a sort of obstacle to the diffusion of the OPU technology in conjunction
to the IVEP procedures in buffaloes. Of course these are limitations that cannot be
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bypassed,  other  than  maybe,  selecting  the  future  oocyte  donors  on  the  basis  of
their follicular population to start with, by ultrasound monitoring of their ovaries
[13].  With  the  same  goal  of  overcoming  the  physiological  limitations,  earlier
attempts have shown that in deep anestrus buffaloes a slight improvement in the
number of punctured follicles, recovered oocytes and oocyte quality by priming
OPU donors with FSH-P [4], can be achieved. It has also been reported that rBST
pretreatment  of  buffalo  donors  [14,  15]  has  a  significant  effect  in  promoting
follicular growth (12.2 vs. 8.7 total follicles punctured; 9.1 vs. 6.5 small follicles)
with the consequent increase in the number of recovered oocytes per session (5.2
vs.. 4.1; p=0.07). Despite the increase in those parameters, and similarly to what
already reported in cattle [46, 47], the rate of late stage development embryos was
not  increased in  buffaloes  on an OPU session basis.  This  result  was  confirmed
also when buffaloes were treated with rbST and subjected to once a week OPU
session [48]. All of this amply demonstrates the need for additional studies and
trials  in  the  same topic,  although  it  is  worth  mentioning  that  one  of  the  strong
asset of the OPU technology, is just the possibility to avoid hormonal stimulation
to the donors and all the consequences linked to this practice.

Finally, for completeness of the topic, Baruselli et al. [48], have recently reported
that, by increasing the interval between OPU session to once a week or even every
two weeks, the total number of recovered oocytes can be significantly increased
(one week interval: 8.5 and 6.1 total and viable oocytes, respectively; two week
interval: 10 and 7.2 total and viable oocytes, respectively).

The  same  authors  demonstrated  that  the  aspiration  at  1,  3  and  5  days  after  the
follicular emergency in heifers gave the same results [48] but also in this case the
average number of follicles, total oocytes recovered and viable oocytes was much
higher than in any other report. It is likely that such differences may be attributed
to  many  concurring  factors,  other  than  the  length  of  interval  between  OPU
sessions, such as the genetic potential of the animals part of the trial, together with
breed and the surrounding environment. It has to be underlined though that, other
than the higher number of available antral follicles and related recovered oocytes,
a longer interval between OPU sessions is accountable for a reduced rate of late
stage embryo development. This is due to a much higher heterogeneity of follicle
population  within  ovaries,  as  dominance  over  other  follicles  of  the  same  wave
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occurs,  and  consequent  follicular  atresia  leading  to  reduced  quality  of  the
recovered oocytes. Furthermore, in the buffalo species the quality of the recovered
oocyte  can  be  considered  a  major  factor  affecting  the  overall  efficiency  of  the
OPU/IVEP procedure.

The morphology of the oocytes is used to build a classification of quality that is
employed worldwide. Such classification in turn, to some extent, can be predictive
of oocyte viability and its future developmental potential. Therefore, according to
this  classification,  a  decrease  in  the  efficiency  of  embryo  production  can  be
foreseen when, from the highest grades of oocyte quality (grade A and B which
are suitable for IVEP), it goes down to grades C and D [9] (Fig. 1).

Ideally, only the best grade oocytes should be used in order to reliably count on
the highest possible embryo production. In reality, due to the very limited number
of  retrieved  oocytes,  they  are  almost  all  used,  in  order  to  optimize  the  efforts
practiced in the field. Embryo production can also be optimized by selecting the
most competently available oocytes following their recovery from slaughterhouse
ovaries, by using the non invasive brilliant cresyl blue (BCB) staining [49].

The rate of good quality oocytes (grades A and B) in buffaloes is usually lower
when compared to cattle and anyway not exceeding 50% of the total number of
retrieved oocytes. In fact, in a retrospective analysis of data generated in our lab
following 3 years of laboratory activity, over a total of 116 replicates consisting of
oocytes recovered from slaughterhouse ovaries, 46.3% belonged to grade A and
B, while of the remaining oocytes, grade C represented 6.4% of the total number
of  oocytes  and  collectively  47.3%  of  them  were  judged  unsuitable  for  in  vitro
processing [26].

In another trial an even lower proportion of good quality oocytes (33.7% of Grade
A+B),  together with a higher incidence (37.9%) of Grade C was reported [50].
When BCB staining was used for oocyte selection, the percentage of good quality
oocytes was slightly higher (57%), on equal blastocyst yields.

A  number  of  variables  are  responsible  for  determining  the  final  quality  of  the
retrieved oocytes, like the pressure needed to aspirate the oocytes by mechanical
vacuum, the time needed to move oocytes from the OPU site to the lab and their
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processing,  environmental  temperature  and  temperature  of  the  collection  vials
during transport of the oocytes, season of the year, etc. The source of the oocytes
is another variable of importance, as we have seen in our experience, that OPU-
derived oocytes appear to show a worse overall quality (i.e.  reduced number of
granulosa  cells  surrounding  the  oocyte)  when  compared  to  oocytes  from
slaughterhouse  ovaries.

Fig. (1). (A) Oocytes with more than three layers of cumulus cells and homogenous cytoplasm; (B) Oocytes
with at least 2 layers of cumulus cells and homogenous cytoplasm; (C) Oocytes partially denuded, but still
showing homogenous cytoplasm; (D1) Degenerated oocytes (oocytes with irregular shrunken cytoplasm);
(D2)/E  Naked  (totally  denuded  oocytes),  and  abnormally  expanded  oocytes  with  particularly  clustered
cumulus cells.

In  cattle  too,  a  higher  prevalence  of  good  quality  oocytes  was  reported  when
retrieved from slaughterhouse ovaries, compared to OPU derived oocytes [51]. It
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seems then that this difference in oocyte source is not species-specific and not due
to OPU techniques or media employed to stock oocytes. It  has been speculated
that  a  post-mortem  effect  may  be  accountable  for  a  better  quality  of  retrieved
COCs,  as  they  are  less  tightly  anchored  to  the  inner  follicle  wall  and  finally
recovered  with  a  better  preserved  morphology.  This  explanation  may be  found
even  more  applicable  to  the  buffalo  species,  as  in  these  animals  a  reduced
adhesion of cumulus cells to the follicle wall has been described [52]. This aspect
allows  us  to  speculate,  additionally,  that  under  mechanical  retrieval  of  oocytes
from  antral  follicles  in  buffaloes,  and  according  to  other  variables  such  as  the
length of the needle and suction line attached to the vacuum pump, a greater loss
of granulosa cells may occur, leading to an underestimation of their quality score.
This latter aspect may give an explanation of a higher developmental potential of
OPU derived oocytes in buffaloes as opposed to cattle [51], as indicated by both
increased  blastocyst  yields  [9,  19]  and  improved  blastocyst  cryotolerance
compared  to  abattoir-derived  buffalo  oocytes  [19].

Embryo  yield  is  higher  when  oocytes  are  recovered  by  OPU  performed  at  an
interval of twice a week. This can be explained by the mechanical interfering with
wave follicular dynamics, and the resetting of the beginning of a new follicular
wave when OPU is performed. When the new OPU session is repeated, usually 3
days later, follicular dominance has not occurred yet the effect of follicular atresia
over the remaining follicular population, and therefore a homogeneity of follicular
population is witnessed, accounting for a higher oocyte developmental potential
and  consequent  embryo  yield.  Differently,  when  using  ovaries  of  slaughtered
animals, a heterogeneous follicular population is encountered and consequently, a
more  heterogeneous  oocyte  quality  is  recorded,  accounting  for  a  lower
developmental potential and reduced embryo yield. The oocyte competence is in
fact dependent on the morpho-functional state of the ovaries, and this is so true
that  an  improved  embryo  yield  is  witnessed  when  oocytes  are  recovered  from
ovaries  characterized  by  absence  of  a  dominant  follicle  and  having  either  a
functional  CL  or  a  corpus  hemorragicum  [53].  The  lower  embryo  yield  in
buffaloes from abattoir ovaries-derived oocytes, has also to contend with the fact
that  animals  are  brought  to  the  slaughterhouse  usually  at  the  end  of  their
productive  career  or  due  to  some  reproductive  failures.  A  further  element  of
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consideration  in  the  arena  of  embryo  yield  in  ruminants,  is  the  higher  embryo
production  in  cattle  when  using  oocytes  from  slaughterhouse  ovaries  when
compared  to  OPU derived  oocytes.  This  difference  may be  related  to  the  early
atresia occurring during post-mortem, which has been shown to positively affect
developmental  competence  [54],  differently  from  what  has  been  reported  in
buffaloes,  highlighting  thus  the  need  for  further  in-depth  studies  aimed  at
elucidating the timing of atresia in buffaloes and its consequential effect on the
oocyte.  Differently,  a  shorter  exposure  to  environmental  stressing  factors  may
account for a higher developmental competence of OPU derived oocytes, when
compared  to  oocytes  derived  from slaughterhouse  ovaries.  In  the  latter  case  in
fact,  usually  the  time  needed  from  ovaries  to  reach  any  laboratory  from
slaughtering of the animal, excision from the peritoneal cavity and their transport,
may  be  so  prolonged  that  autolytic  processes  occur,  leading  to  cell  damage
affecting very likely the oocytes residing still in the excised ovaries. Therefore,
another element to be considered within the overall efficiency process in in vitro
embryo production, is the time interval needed from excision of the ovaries at the
slaughterhouse  and  the  beginning  of  oocyte  processing  in  the  lab  following
follicle aspiration. In our experience and within our experimental setting, the time
needed for receiving the ovaries in the lab from the slaughterhouse is from 3 to 6
hours. We ran a retrospective analysis of data generated in the last four years of
work with slaughterhouse ovaries and in vitro embryo production, and although
the quality of retrieved oocytes, as judged by a higher incidence of grade A and B
COCs, was superior when the time needed for the ovaries to reach the lab was not
higher  than  3  hours,  the  final  rate  of  late  stage  embryo  development  was  not
significantly  different  when  confronted  to  4.5  to  6  hours  [55].  In  addition,  to
reduce the risk of lowering the efficiency of the IVEP session, whenever OPU is
carried distantly from the lab, an improvement in embryo yield can be achieved
when they are  immediately  placed,  following follicle  puncture  and retrieval,  in
hepes-buffered in vitro  maturation medium in a portable incubator. This allows
oocytes to start the maturation process very close in time with their removal from
the antral milieu, and optimize thus their developmental potential [56].

Another factor to be considered that is part of the many variables affecting in vitro
embryo  production,  is  the  holding  temperature  for  oocytes  recovered  either  by
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OPU or for ovaries to be taken to the lab after their excision from the slaughtered
animal. Usually, oocytes from OPU sessions are held in tubes within warm boxes
or mechanical devices maintaining the wanted temperature. Differently, excised
ovaries are usually held in physiological saline at 30 to 35°C until they reach the
lab, although it has been recently reported that lowering such temperature during
transportation  to  the  lab  from  25  to  29.5°C,  positively  influences  the  final
outcome  in  terms  of  cleavage  and  blastocyst  development  after  IVF  [55].

Again,  buffaloes  are  animals  affected  in  their  reproductive  performances  by
season  and  exposure  to  either  short  or  long  period  of  light,  and  therefore  also
applied  reproductive  technologies  such  as  MOET  and  AI  can  be  consequently
affected by the season, when such practices are being implemented [24, 25]. At
our latitudes, season significantly affects oocyte competence, without influencing
the follicular population and oocyte yield. In fact, both a retrospective study on
abattoir ovaries and an OPU trial demonstrated that both the number of retrieved
COCs and their quality were not affected by performing OPU during the season
characterized by long days, but oocyte developmental competence was influenced
when oocytes were collected in the course of the short-day season, as judged by a
higher rate of cleavage and blastocyst development [12, 26].

From these results it is then suggested to focus on OPU and IVEP session during
the  short-day  seasons  of  the  year  at  our  latitudes,  in  order  to  capitalize  on
resources  and  favor  the  benefit/costs  ratio.

This is in line with the well known seasonality of buffaloes at our latitudes, where
they  exhibit  the  highest  reproductive  efficiency  during  the  season  of  the  year
characterized by short days (autumn/winter).

On  the  other  hand,  Indian  [20]  authors  reported  a  seasonal  effect  on  IVEP
efficiency from OPU-derived oocytes that was, though, mainly due to decreased
follicular  population.  In  fact,  blastocyst  rate  was  not  affected,  although  the
number  of  follicles,  COCs  and  blastocysts  per  animal  per  session  decreased
during the unfavorable season. It was previously reported [57] that hot ambient
temperature  (>  40°C)  on  day  of  slaughter  negatively  affects  both  cleavage  and
blastocyst  development  following  IVF,  confirming  previous  observations  in
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buffalo [58]. It is likely that reproductive efficiency at different latitudes may be
affected  by  other  variables,  other  than  photoperiod  and  climate,  like  feed
availability. In addition, it has to be emphasized that in our country nutrition plans
in  buffaloes  are  well  established  and  followed,  and  that  these  animals  are  kept
under continuous nutrition regimen throughout the year.

3. IN VITRO MATURATION (IVM)

A  correct  maturation  of  the  oocytes  at  the  time  they  encounter  the  sperm  is
unquestionably  a  critical  prerequisite  for  effective  fertilization.  The  maturation
process,  that  encompasses  both  the  nuclear  and  cytoplasmic  compartments,  is
fundamental  for  the  oocyte  to  attain  the  developmental  competence.  Buffalo
oocytes are matured in vitro in complex media, such as the worldwide used Tissue
Culture Medium 199 and Ham’s F- 10,  supplemented with different  sources of
serum [31,  59  -  61],  hormones  and  other  additives.  Different  sources  of  serum
have  been  utilized  as  supplements  of  IVM medium [31,  59  -  61].  Although  in
vitro  maturation  occurs  even  in  the  absence  of  hormones  [30],  increased
maturation and fertilization rates are recorded when oocytes are matured in the
presence of gonadotrophins and 17β -estradiol [28, 60]. It is known that hormones
receptors are sited on the somatic cells, and that signals transduction to the oocyte
occurs  through  gap  junctions  or  extracellular  mechanisms.  It  follows  that  the
presence  of  cumulus  cells  is  fundamental  for  the  oocyte  to  acquire  the
developmental competence during IVM, as indicated by the decreased cleavage
and post-IVF embryo development of denuded vs. cumulus-enclosed oocytes [62,
63].  This  is  very  important  in  buffalo  due  to  the  high  percentage  of  totally  or
partially denuded oocytes generally recruited in this species. A possible approach
to save poor quality oocytes is to carry out IVM on a cumulus cells monolayer
[64]. It has also been reported that expensive hormones and serum additives can
be replaced with buffalo follicular fluid, a waste product of oocyte collection, with
similar  maturation,  fertilization,  and  blastocyst  rates  [65].  It  is  known  that
ovarian-derived growth factors, such as IGF-l, IGF-2 and insulin improve oocyte
maturation,  fertilization  and  blastocyst  development  [66].  Furthermore,  the
inclusion  of  EGF  in  the  IVM  medium  has  beneficial  effects  on  cumulus
expansion,  nuclear  maturation,  and  cleavage  rate  of  cumulus-enclosed  buffalo
oocytes, without influencing the post-fertilization embryonic development [67]. In
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another  study  blastocyst  yields  increased  when  IVM  was  enriched  with  EGF
either alone or in combination with fibroblast growth factor (FGF) and vasoactive
intestinal peptide (VIP), and the cleaved embryos were cultured in a complex co-
culture system [68].

A significant improvement of IVM in buffalo has been achieved by enriching the
medium  with  thiol  compounds,  known  to  act  as  antioxidants  factors  by
stimulating glutathione (GSH) synthesis. This is likely due to the fact that buffalo
oocytes and embryos, characterized by high lipid content [23], are highly sensitive
to  oxidative  damages.  It  is  well  known  that  GSH  plays  a  pivotal  role  in  the
protection  of  mammalian  cells  from  oxidative  stress,  that  is  a  major  element
affecting  in  vitro  mammalian  embryo  development.  Indeed,  the  oocyte  GSH
reservoir  created  during  IVM  is  the  only  source  of  antioxidant  power  for  the
embryos  until  genomic  activation  [69,  70].  In  an  earlier  trial  the  addition  of
cysteamine during IVM improved blastocyst rates in buffalo [32], by increasing
intracytoplasmic  GSH  content  [71],  without  nevertheless  influencing  cleavage
rate. However, when the IVM medium was supplemented with both cystine and
cysteamine  [21]  the  GSH reservoir  of  the  oocytes  further  increased,  leading  to
improved penetration (81%), cleavage rate (78%) and blastocyst yield (30%). A
beneficial effect of other antioxidants, such as taurine and melatonin, during IVM
was also demonstrated [72].

Another approach [73] to improve maturation of buffalo oocytes is given by the
inclusion  in  the  IVM  medium  of  mitogenic  lectin,  shown  to  enhance  cumulus
expansion and cleavage rate following IVF and upregulate the expression of genes
involved  in  important  physiological  activities,  like  gap  junction  and  cell
communication protein (Cx43), cumulus-expansion enabling factor and cell cycle
protein  (GDF-9),  basic  growth  factor  (FGF-4)  and  cell  membrane  protein
(fibronectin).

IVM and its temporal acquisition, has a fundamental role, among other variables,
exerting  an  effect  on  in  vitro  development  of  mammalian  embryos.  In  fact,  an
inadequate maturation time may lead to abnormal chromatin configuration [74],
oocyte aging [75] and reduced development [76]. In addition, early development
following penetration of  partially  matured oocytes  [77],  is  usually  reduced and
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therefore as a consequence it can be stated that the highest rate of early embryo
development  follows  from  the  in  vitro  fertilization  (IVF)  of  oocytes  that  have
fully completed meiosis, which typically occurs at different times according to the
species,  such  as  18-24  hours  in  cattle  [78,  79]  and  36-48  hours  in  pig  [80].  In
buffaloes,  a  different  maturation  time  has  been  reported  by  several  authors,
although the highest rate of completed meiosis has been reported between 16 and
24  hours  [79,  81,  82],  and  consequently  most  authors  tend  to  fertilize  in  vitro
buffalo oocytes at the end of 24 hours of IVM. Very likely it is the quality of the
oocytes  that  accounts  for  the  variability  reported  in  the  timing  of  IVM.  The
quality itself can be affected by many variables such as environmental conditions
and the season, being the buffalo a seasonal species. Based on these well known
elements of knowledge, our lab has been involved in a number of studies on the
kinetics  of  oocyte  maturation  and  IVM  timing  and  their  effect  on  embryo
development. We have ascertained that MII stage is reached around 18-19 hours
of IVM and that a full cytoplasmic and nuclear maturation is usually completed
between  20  to  24  hours.  In  addition,  we  have  proven  that  the  developmental
competence of oocytes, fertilization ability and early stage embryos potential are
affected  by  the  duration  in  time  of  in  vitro  maturation,  being  progressively
decreased as  the  time of  IVM is  increased from 18 to  30 hours  [82].  From the
above  it  can  be  stated  that  the  best  time  for  IVF falls  at  18  hours  of  IVM and
definitely not later than 24 h. This is also substantiated by the poor appearance of
oocytes  that  had  been  kept  in  maturation  medium  over  24  hours,  resulting  in
reduced  rate  of  fertilization  following  IVF.  The  possibility  of  dealing  with  an
intrinsic  species-specific  characteristic,  related  to  the  attainment  of  oocyte
developmental  competence  at  an  earlier  time,  was  taken  into  consideration  by
evaluating the increased incidence of  degenerated oocytes following increasing
times  for  IVM  [79].  A  confirmation  of  the  importance  of  timing  in  IVM  for
oocyte developmental competence and further developmental ability, is given by
the  evidence  of  deterioration  of  parthenogenetic  embryos  in  correspondence  to
increased in vitro maturation time [79]. All the above proves to be of paramount
importance when we are dealing with oocytes recovered from several animals in
the course of OPU sessions. In fact, when a good number of animals are part of
the OPU session, inevitably recovered oocytes from each individual donor animal
are put into maturation medium at  different  times,  adding up to a difference of
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few hours from the first  batch of oocytes to the last one. Therefore, in order to
catch with the optimal time for IVM, usually the following day IVF is performed
so that the range in maturation time between the last batch of oocytes recovered
and the first one is 19 to 20 and 23 to 24 hours, respectively.

4. IN VITRO FERTILIZATION (IVF)

The low cleavage rates widely reported in the buffalo species in the past [9, 38,
83,  84]  suggested  that  fertilization  was  the  most  critical  step  of  the  IVEP
technology.  In  our  former  studies,  although  maturation  rates  were  similar  in
buffalo and cattle (87% vs. 94%), cleavage rates significantly decreased in buffalo
(65% vs.  84%) [9].  The overall  poorer  IVEP efficiency in buffalo compared to
cattle (26 vs. 34%, respectively) was mainly due to the low proportion of oocytes
cleaving; indeed, the proportion of cleaved embryos developing into blastocysts
was similar in the two species (about 40%). The in vitro  fertilization efficiency
depends  on  several  factors,  such  as  the  appropriate  environment  for  gametes
survival, the sperm viability and fertilizing ability, the optimal insemination time,
the length of sperm-oocyte co-incubation, the presence of cumulus cells and the
attainment  of  oocyte  developmental  competence  during  the  delicate  process  of
cytoplasmic  maturation.  In  fact,  although  fertilization  failure  may  be  due  to
inadequacies  of  the  IVF  system,  the  appropriate  maturation  of  the  egg  is
compulsory.

The most common IVF media used are Tyrode’s modified medium (TALP) and
Brackett Oliphant (BO) medium, enriched with heparin as capacitating agent and
sperm motility inducing factors, such as combined hypotaurine-penicillamine or
caffeine.  The  results  of  a  comparison  trial  indicated  the  superiority  of  TALP
medium, supplemented with heparin, hypotaurine and penicillamine, in terms of
both  cleavage  and  blastocysts  yields  [84].  When  frozen-thawed  sperm  are
employed it is important to preliminarily select the motile spermatozoa either by
the swim-up method or by Percoll density gradient. Although the proportion of
motile sperm is higher with Percoll separation, swim-up separated sperm display a
higher motility,  membrane integrity and cleavage rate [85].  However,  a  greater
bull  effect  is  observed  on  cleavage  rate  and  cleavage  index  with  swim-up
separated  sperm.  In  our  laboratory  both  separation  methods  have  been  widely
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utilized  over  the  years,  with  comparable  embryo  yields.  However,  we  also
observed a strong bull effect with swim-up, with several bulls failing to separate
well, providing low concentrated sperm and hence requiring more straws/IVF. It
results that the choice of the method may also depend on the bull chosen for the
IVF program. In former times the quality of cryopreserved semen was thought to
be a major factor impairing IVF, because of the proven cryopreservation-induced
sperm damages [86], together with the dramatic decrease of cleavage rate reported
with frozen vs. fresh semen [28]. Currently, the quality of cryopreserved semen
has greatly improved, as shown by similar fertility parameters, recorded for fresh
compared to frozen semen [87], suggesting that other factors negatively influence
fertilization. However, despite the improved quality of frozen sperm, an important
limiting  factor  persists,  i.e.  the  so-called  bull  effect,  consisting  in  the  high
individual  variability  recorded  among  buffalo  bulls  in  the  in  vitro  fertilizing
ability [60]. As a consequence, as only few bulls have good fertilizing capability
in  vitro  (around  10%),  a  preliminary  screening  of  sperm  of  several  bulls  is
necessary to identify a suitable semen for IVF programs. Although several fertility
tests have been developed, the most accurate assessment still goes through IVF
trials,  with different bulls tested on the same batch of eggs, and because of the
poor  number  of  oocytes  recovered,  such  tests  are  very  time-consuming.
Interestingly, the easy and quick Trypan-blue/Giemsa staining technique [88] can
be used to predict the fertilizing capability in vitro of buffalo bulls, as indicated by
the correlation existent between the percentages of acrosome-intact viable sperm
cells at thawing and the blastocyst rates [89].

It  is  well  known that  sperm attain  the  fertilizing  ability  through  the  process  of
capacitation, that in vivo occurs within the female genital tract. Although several
agents  may induce  sperm capacitation  in  vitro,  heparin  is  still  the  most  widely
used capacitating agent in most domestic species. In order to evaluate whether in
vitro  capacitation  is  improved  by  agents  different  than  heparin,  buffalo  sperm
cells  have  been  incubated  under  different  conditions  and  capacitation  has  been
indirectly  assessed  by  estimating  the  capacity  of  sperm  to  acrosome  react
following  incubation  with  lysophosphatidilcholine,  a  fusogenic  lipid,  known to
induce acrosome reaction in capacitated sperm without affecting motility.

Doing such a test, it was demonstrated that progesterone, sodium nitroprusside, a
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well known generator of nitric oxide in vitro and melatonin, trigger in vitro sperm
capacitation and may be used as alternative capacitating agents for buffalo IVF
[90 - 92]. As buffalo is a short-day breeder, it would be worth investigating the
influence of melatonin also in relation to the season of semen collection.

The most  promising results,  however,  came from a study in which sperm were
incubated  with  biological  fluids,  such  as  follicular  fluid  (FF)  recovered  from a
pool  of  dominant  follicles  and  buffalo  estrus  serum  (BES)  [93].  Indeed,  the
proportion  of  capacitated  sperm  significantly  increased  for  sperm  treated  with
both FF and BES compared to heparin (94.5, 84.3, vs. 50.1%, respectively). This
beneficial effect may be accounted for by the presence in the oviduct at the time
of fertilization of factors deriving from BES and FF, that play a key role during in
vivo capacitation. A possible strategy to improve IVF efficiency is to mimic the
oviduct environment. This was achieved by incubating buffalo sperm on a 6-day
bovine  oviduct  epithelial  cells  monolayer,  as  indicated  by  improved  sperm
capacitation [94] and oocyte penetration rate after heterologous IVF [95]. A more
practical  approach  to  mimic  the  oviduct  environment  is  the  enrichment  of  IVF
medium  with  oviduct-derived  factors,  known  to  play  a  pivotal  role  during
fertilization. A potential  candidate is osteopontin (OPN), an acidic single-chain
phosphorylated glycoprotein, identified in both the oviductal fluid and epithelium
in cattle, known to increase IVEP efficiency and promote sperm capacitation [96].
Osteopontin is also a marker of male fertility in cattle, as its expression in semen
is  correlated  with  bull  fertility  [97].  Osteopontin  was  also  identified  in  buffalo
semen,  at  higher  concentration  in  seminal  plasma  than  in  spermatozoa  [98],
suggesting that ampullae and seminal vesicles are the major sources, like in cattle
[97]. Following standard cryopreservation, the concentration of OPN in buffalo
semen  decreases  by  around  50%  [98].  It  was  subsequently  reported  that  OPN
enhances the in vitro capacitation efficiency and that its incorporation in the IVF
medium significantly  improves  synchronous  pronuclei  formation,  cleavage rate
and blastocyst yields [99].

Proteolytic  enzymes  are  also  known  to  exert  a  fundamental  role  during  the
subsequent events of fertilization. An increased proportion of acrosome-reacted
sperm and enhanced motility were observed when plasmin, the active enzyme of
the  plasminogen  activation  system,  was  added  to  heparin-capacitated  buffalo
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sperm  [100].  However,  the  effect  of  plasmin  supplementation  during  IVF  on
IVEP  efficiency  in  buffalo  has  still  not  been  evaluated.

Like in cattle [101], the presence of cumulus cells at the time of IVF is critical in
buffalo as shown by the decreased cleavage and blastocyst yields recorded with
denuded  compared  to  cumulus-enclosed  oocytes  [63].  However,  the  fertilizing
ability and embryo development of denuded oocytes can be restored by co-culture
with  bovine  intact  COCs  in  a  1:1  ratio  [102].  This  strategy  can  be  utilized  for
manipulations requiring cumulus removal, such as oocyte cryopreservation.

The  length  of  sperm-oocyte  co-incubation  is  another  factor  that  may  influence
embryo development. As high sperm concentrations in small volumes are used in
vitro,  long  co-incubation  times  should  be  avoided,  to  limit  the  production  of
hydrolytic  enzymes  [103]  and  free  radicals  [104]  that  damage  the  eggs.  In  a
former  study,  the  optimal  gametes  co-incubation  time  for  optimizing  the
blastocyst  output  in  buffalo  was  16  hours  [82].  Shortening  the  gamete  co-
incubation length to 8 hours reduced cleavage rate, as previously reported in cattle
[105, 106]. However, oocytes that cleaved developed into viable embryos at the
same rate as in the 16 hours group. In contrast, prolonging co-incubation time to
20 hours negatively affected blastocyst production, despite similar cleavage rates.
Furthermore,  at  this  time  a  higher  incidence  of  polyspermy  was  observed,
confirming previous findings [107]. It is worth underlining, however, that in this
study semen from a single bull previously tested for IVF was used. Afterwards,
marked differences in the kinetics of sperm penetration among buffalo bulls were
recorded [108]. It was also observed that kinetics of penetration is correlated to
the blastocyst yield [109], suggesting that this parameter is a reliable marker to
predict  the  in  vitro  fertility  of  buffalo  bulls.  It  follows  the  importance  of
evaluating the sperm kinetics  before  enrollment  of  bulls  in  IVF programs.  It  is
worth  pointing  out  that  among  6  buffaloes  tested  the  bull  with  the  fastest
penetration rate (64% penetration at 3 hours pi with the peak 72-77% –between 6
and  9  hours  pi)  gave  a  marked  increase  in  polyspermy  at  longer  insemination
intervals.  Therefore,  it  is  strongly  suggested  to  choose  the  most  appropriate
sperm-oocyte  co-incubation  length  for  each  bull.

Finally, the poor cleavage rate may also result from the failure in the acquisition
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of  oocyte  developmental  competence,  that  is  attained  during  maturation.
Parthenogenetic  activation  is  a  valid  tool  to  evaluate  oocyte  competence.
Therefore, to better comprehend the reasons behind the lower IVF efficiency in
buffalo,  in  a  former  trial  oocytes  were  either  in  vitro  fertilized  or  chemically
activated with both ethanol and ionomycin, followed by 4 h-exposure to 6-DMAP
[83]. The improved cleavage (71% vs. 56%, respectively) and blastocyst rate (33
vs. 23%, respectively) recorded with ethanol-induced activation vs. IVF, suggest
that  oocyte  developmental  competence  was  acquired  during  IVM.  However,
ionomycin  gave  intermediate  cleavage  and  blastocyst  rates  (59  and  26%,
respectively).  Subsequently,  activation  with  different  methods  was  reported  to
increase  cleavage  and  blastocyst  rates  compared  to  IVF,  indicating  a  paternal
rather than a maternal origin [50]. However, the marked difference observed by
these authors may have been related to the poor sperm quality, suggested by very
low cleavage (< 37%) and blastocyst rates (< 16%) recorded following IVF.

However, it is worth emphasizing that, after several ineffective attempts carried
out over the years, the fertilization efficiency has finally improved (around 80%
of  cleavage  rate),  by  supplementing  the  IVM  medium  with  cystine  and
cysteamine.  The  beneficial  effect  of  thiols  was  demonstrated  to  be  due  to
increased  intracytoplasmic  GSH  concentration  [21].  This  suggests  that  an
inappropriate  maturation  of  the  female  gamete  was  the  main  cause  of  the  low
cleavage  rate  so  far  recorded  of  this  species.  It  is  well  known,  in  fact,  that  the
GSH reservoir is fundamental for attainment of oocyte developmental competence
[110] and that the GSH concentration at the end of IVM is a recognized marker of
cytoplasmic maturation [111].

5. IN VITRO CULTURE (IVC)

The in vitro culture system in buffalo has been developed like in other ruminant
species.  In the very early attempts,  embryos were cultured in the oviduct  of  an
intermediate host (in vivo), generally the sheep [112], until the blastocyst stage.
However,  although  embryo  quality  and  cryotolerance  is  improved  when
development occurs in the oviduct, this system is not suitable for large scale in
vitro embryo production. The first approach to culture buffalo embryos entirely in
vitro  was  co-culture  with  cumulus  and  oviductal  cells  [28,  30,  59]  or  with
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established  cell  lines  such  as  BRL [113].  Subsequently,  the  co-culture  systems
were  replaced  by  serum and  cells–free  defined  media,  to  better  understand  the
specific  needs  of  buffalo  embryos,  fundamental  to  develop an  optimal  species-
specific  culture  system.  In  1999 buffalo  embryos  were  successfully  cultured in
Synthetic  Oviduct  Fluid  (SOF)  medium  [113],  a  well  known  defined  medium
created by Tervit in 1972 [114]. Lately, similar blastocysts yields were obtained
by  culturing  buffalo  embryos  in  SOF  and  in  Potassium  Simplex  Optimized
Medium (KSOM), another defined cell-free medium [115]. The high increase in
blastocysts  rates  recorded  over  the  years  (35-40%)  is  mainly  related  to  the
improvement  of  the  IVM  and  in  part  of  the  IVF  systems  rather  than  to
optimization of the IVC system. Indeed, more than 40 years passed and currently
the  most  appropriate  medium for  embryo  culture  in  buffalo  is  still  the  original
SOF [114]. It is likely that the low percentage of pregnancy to term after transfer
of  frozen buffalo  embryos is  due to  poor  viability  of  IVP embryos,  originating
from  suboptimal  culture  conditions.  At  present,  in  spite  of  many  attempts  to
optimize  the  embryo  culture  system  in  several  species,  the  oviduct  is  still
inimitable for embryo development. It follows that the analysis of oviduct fluid
(ODF) composition at different estrous cycle phases is critical to satisfy the needs
of  buffalo  embryos  in  vitro  [116].  Species-specific  differences  in  ODF
composition may justify adjustments of the media used for buffalo IVEP. As an
example, the protein concentration and the total amount of proteins secreted in 24
hours were 5 and 3.5 times lower respectively in buffalo ODF than in cattle [117].
Remarkably, the protein concentration in buffalo ODF was also 4.4 times lower
than the BSA concentration (8 mg/ml BSA) commonly used in both IVF and IVC
media. This suggests to evaluate the effect of reducing protein concentration in
media destined to buffalo IVEP. It has been previously reported that one of the
major  factors  affecting  viability  of  IVP embryos,  likely  to  be  associated  to  the
large offspring syndrome, is the ammonium derived from protein metabolism [27,
118,  119].  It  has  been  suggested  to  change  medium more  often  during  IVC in
order to limit the increase of free radicals, ammonium and other catabolites that
are  toxic  to  the  embryos.  This  approach,  successful  in  other  species,  did  not
improve embryo development in buffalo, with a tendency to higher yields when
medium is changed less frequently, suggesting not to disturb the embryos during
IVC [120]. This is likely due to the fact that buffalo embryos are very sensitive to
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fluctuations of temperature and/or pH that may take place during a culture change.

Although toxic effects of glucose have been reported, most of the embryo culture
media  contain  this  sugar  as  energy  source  [121  -  123].  In  cattle  blastulation  is
facilitated when embryo are cultured without glucose up to the morula stage [124]
and blastocyst production is impaired when embryos are cultured in the presence
of high concentration of glucose (5-6 mmol) [122, 124, 125]. In buffalo, relatively
high concentrations of glucose (1.5 mM, i.e.  the standard concentration in SOF
medium) are required, particularly during the early embryonic development, i.e.
up to Day 4 [126]. In fact, the absence of glucose throughout culture or limitedly
to early culture dramatically decreased blastocyst rates. In contrast, when glucose
was absent during late culture, blastocyst yields were similar to the control (SOF).
After  this  earlier  trial,  we  modified  the  experimental  design  to  evaluate  the
influence  of  reducing  glucose  concentrations  during  IVC  on  buffalo  embryos,
because  a  certain  amount  of  glucose  is  fundamental  for  ribose  and  NADH
production  through  the  pentose-phosphate  pathway.  Decreasing  the  sugar
concentration by 1/3, i.e. to 0.5 mM was uninfluential, whereas further decreasing
it  to  0.15  mM(1/10),  i.e.  the  concentration  utilized  in  most  dynamic  media  for
bovine  embryos,  throughout  culture  and  only  during  early  culture,  negatively
affected  development.  In  contrast,  embryo  development  was  not  affected  by
decreased  glucose  concentration  during  late  culture.  These  results  highlight
important  differences  in  energy  requirements  of  buffalo  embryos  during  IVC
compared to those of other ruminants, known to exhibit a substantial increase in
glucose consumption during late culture, i.e.  just around compaction [125, 127,
128].  According to  a  more recent  study,  an even much higher  concentration of
glucose  (5.6  mM) is  constantly  required  throughout  the  IVM and IVC steps  to
maximize blastocyst rates in buffalo [129, 130]. Interestingly, this concentration is
deleterious for bovine embryos, with a selective embryo-toxicity towards females
[131]. Furthermore, the expression of metabolism-related genes indicates that the
major  pathway  of  glucose  metabolism  during  early  embryonic  stages  is
glycolysis, which shifts towards oxidative phosphorylation during post-embryonic
genome activation (EGA) stages in buffalo embryo [130]. In contrast, in bovine
and sheep embryos a  change to an enhanced contribution of  glycolysis  to  ATP
production  is  observed  during  compaction  and  blastulation  [125,  132,  133],
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leading to increased glucose consumption. These relevant differences may provide
useful  hints  to  formulate  a  more  suitable  in  vitro  culture  system  for  buffalo
embryos.

It  was  proven  that  oxidative  stress-induced  DNA  damage  occurs  in  buffalo
oocytes and embryos during IVC, that increases with time as development goes
on [134]. It was also reported that enriching culture medium with cysteamine in
part overcomes the injure [134], as indicated by decreased DNA damage in 8-16
cell embryos. This embryonic stage is particularly critical, corresponding to the
developmental  block  [135].  It  was  also  reported  that  the  beneficial  effect  on
embryo development of both lowering O2 concentration and adding cysteamine is
due to reduced apoptosis, as suggested by the higher expression of anti-apoptotic
genes  and  lower  expression  of  pro-apoptotic  genes  in  the  embryos  [136].  The
enrichment  of  the  buffalo  culture  medium with  either  taurine  or  melatonin  has
been shown to improve blastocyst yield [72]. A beneficial effect of vitamins A, E
and C on blastocyst production has also been recorded in the presence of high O2

concentration [137, 138].

It  is  known  that  embryonic  genome  activation  (EGA)  takes  place  at  species-
specific  developmental  stages.  It  was  recently  reported  that  the  major  EGA  in
buffalo embryos occurs between the 4 and 8-cell stages, with a minor activation
between  the  2  and  4-cell  stages  [139].  This  is  considerably  different  from  the
EGA event in cattle and explains why the blastocyst development in this species
occurs earlier than in cattle, both in superovulated animals [140 - 142] and under
in vitro conditions [38, 143]. Buffalo embryos in vitro develop faster than bovine
counterparts, reaching the blastocyst stage about 12-24 hours earlier [38, 143]. In
our setting, the majority of the embryos develop into blastocysts on Day 7 (Day 0
= IVF), although advanced stage embryos, including hatched blastocysts can be
seen  since  Day 6  (Fig.  2).  A small  percentage  of  embryos  reach  the  blastocyst
stage on Day 8 but the delayed development indicates poorer quality, reflected in
lower cryotolerance [143]. It was demonstrated that early cleaving embryos give
higher  blastocyst  yields,  develop  faster  and  have  higher  cell  number  [144].  In
contrast, slower-developing buffalo embryos have decreased total cell number and
abnormal  expression of  development-related  genes  such  as  HSP-70.1  and
GLUT-1  [145].  This  confirms  that  blastocyst  production  may  be  enhanced,
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extending the incubation time, but at the cost of embryo viability. Hatching is also
a good marker of embryo viability. It is possible to increase hatching rate of Day 7
late morulae/early blastocysts by supplementing the IVC medium with FBS, BSA
and insulin the [146].

Fig. (2). Buffalo early blastocyst (a), blastocyst (b), hatched blastocyst (c) and expanded blastocyst (d).

It is known that blastocyst quality more than blastocyst production has an impact
on pregnancy outcome. A recent study reported that the inclusion of leukaemia
inhibitory factor to the IVC medium improves blastocyst development and quality
[147]. An improvement of embryo quality, indicated by faster development and
increased cryotolerance, was obtained by high concentration of hyaluronic acid
during  late  culture  [148].  Finally,  we  recently  observed  that  the  addition  of  L-
carnitine  during  IVC also  improves  the  cryotolerance  of  IVP buffalo  embryos,
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likely facilitating the proper consumption of endogenous lipid reserves [149].

6. EMBRYO CRYOPRESERVATION AND PREGNANCY TO TERM

Embryo cryopreservation is the best tool to overcome the major factor limiting the
commercial  use  of  embryo  transfer  (ET),  that  is  the  low  number  of  available
recipients. This is particularly true in buffalo, due to both the poorer response to
hormonal  stimulation  and  hence  to  synchronization  programs  and  to  the
seasonality, that suggests to restrict the period of ET in the breeding season. As
previously mentioned, the cryotolerance of IVP embryos is reduced compared to
the in vivo embryos, due to the poorer viability, determined by suboptimal culture
conditions.  In  addition,  the  high  intracytoplasmic  lipid  concentration  makes
buffalo IVP embryos even more sensitive to cryopreservation [23].  It  is  known
that  in  vivo  culture  in  the  sheep  oviduct  increases  cryotolerance  of  buffalo
embryos  [112].  However,  although  in  vivo  culture  of  in  vitro  matured  and
fertilized oocytes allows the production of high quality embryos, this system has
several constraints, such as the need to possess adequate facilities, higher costs, as
well as ethical issues. Buffalo IVP embryos have been effectively cryopreserved
by vitrification, as indicated by their survival after post-warming in vitro culture
[143]  and  by  the  production  of  offspring  following  ET  [10,  14,  22]  (Fig.  3).
However, even if pregnancies to term have been recorded, it is still necessary to
optimize the efficiency for the diffusion of OPU-IVEP technologies in the field.
Among other factors, the culture conditions are known to significantly affect the
efficiency;  in  fact,  improved  survival  rates  following  cryopreservation  are
observed  for  embryos  cultured  in  serum-free  defined  media  compared  to  co-
culture  systems  [68],  like  in  other  species.  This  is  likely  due  to  the  increased
intracytoplasmic lipid concentration of embryos cultured in the presence of cells
and serum, reflected in their darker color. The source of oocytes also influences
the  cryopreservation  efficiency,  with  OPU-derived  oocytes  giving  more
cryotolerant  blastocysts  than  abattoir-derived  oocytes  [19].

In an earlier study, buffalo IVP blastocysts were cryopreserved by vitrification in
French  straws,  with  a  method  formerly  employed  in  the  sheep  [150].  Briefly,
blastocysts  were first  incubated for  5 min into 1.4 M glycerol,  then into 1.4 M
glycerol and 3.6 EG for further 5 min before being transferred for 25 sec into the
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final vitrification solution (3.4 M glycerol and 4.6 EG) and loaded into the straws.
For warming,  the embryos were expelled from the straws into a  0.5 M sucrose
solution  and  then  exposed  for  5  min  to  0.25  sucrose.  After  warming,  embryos
were  cultured  and  viability  was  evaluated  at  24  and  48  hours  on  the  basis  of
blastocoele re-expansion, resumption of morphology, and hatching. Survival rates
after  24  and  48  hours  post-warming  culture  were  respectively  64%  and  52%
[143].  However,  increased  survival  rates  were  recorded  for  faster  developing
embryos (Day 6), confirming that delayed embryos, i.e. those developing later to
the blastocyst stage, are less viable. Lately, eight IVP vitrified embryos derived
from  OPU-derived  oocytes  were  transferred  into  recipients  [10],  giving  three
pregnancies (pregnancy rate of 37.5%), one of which was interrupted at 180 days,
while the other two reached full term (25% development to term).

Fig. (3). Buffalo calves born following OPU/IVEP/vitrification procedures.



400   The Buffalo (Bubalus bubalis) - Production and Research Bianca Gasparrini

Hufana-Duran  et  al.  [22]  reported  pregnancy  to  term  following  ET  of  IVP
embryos that were vitrified in EFS40 vitrification solution (40% EG; 18% ficoll
and 0.3 M sucrose) using pointed-shape open straws. The hatching rate after 72 h
post-warming culture on a cumulus cell monolayer was 83% with no differences
among developmental stages. To assess the in vivo developmental competence 95
embryos were transferred into 55 recipients (1-3 embryos per cow) after natural
and synchronized estrus. Pregnancy and calving rates were on average 16.4% and
10.9%.  No  differences  were  observed  in  relation  to  the  number  of  embryos
transferred per animal but this was likely due to the limited number of transfers
per group. In fact,  it  is worth noting that out of the 2 recipients that received 3
embryos one gave birth to a viable calf,  hence with 50% pregnancy to term. In
this work, five out of six calves were born when ET was carried out after natural
estrus whereas only one calf was born from a synchronized recipient (16 vs. 4%
pregnancy  to  term).  It  was  hypothesized  that  the  lower  pregnancy  rate  in
synchronized animals may be related to higher incidence of a short luteal phase,
caused by earlier corpus luteum regression [150, 152], as well as to an improper
timing  of  ET.  The  latter  may  be  the  result  of  the  difficulty  to  detect  estrus  in
synchronized buffaloes,  because  estrus  signs  are  even weaker.  It  is  known that
embryo-recipient  synchrony  is  a  critical  factor  for  embryo  survival  after  ET.
Kasiraj et al. [153] reported that an asynchrony of 12 h is the maximum that in
vivo  buffalo  embryos  cryopreserved  by  slow  freezing  can  tolerate.  It  is  worth
pointing out that embryos developed in a co-culture system, and this in part may
account  for  the  lower  development  to  term  despite  the  higher  hatching  rates.
Similar  pregnancy  to  term  (2/25;  8%)  was  reported  after  ET  of  buffalo  IVP
embryos cultured in  a  medium supplemented with  serum and vitrified with  the
same  method  we  previously  utilized  [14].  However,  it  is  worth  noting  that
pregnancy  to  term  was  also  low  after  transfer  of  fresh  embryos  (1/7;  14.3%).

In  another  study  the  effects  of  different  vitrification  solutions  (40%  EG;  25%
glycerol + 25% EG, and 25% EG + 25% DMSO) and exposure times (2, 4 and 6
min in the equilibration solution) on embryo survival were evaluated [154]. The
higher expansion (72%) and hatching rates (46%) after 72 h culture were observed
for blastocysts vitrified in 25% EG + 25% DMSO with an exposure time of 4 min.
Furthermore, an effect of the stage of embryonic development was observed, as
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shown by the lower hatching rate of morulae (maximum hatching rate of 22%). In
a more recent trial that compared different cryoprotectants and cryopreservation
methods,  using  vitrification  in  pointed-shape  open  straws,  the  most  favorable
solution for cryopreservation of buffalo IVP embryos was 20% EG, 20% DMSO
and 0.5 M sucrose [155].

It  is  known  that  cryoprotectants  (CPs)  damage  the  cytoskeleton,  that  is
fundamental for appropriate cytokinesis and karyokinesis. The disruption of the
cytoskeletal  components  interferes  with  the  mitotic  cell  cycles,  junctional
complexes  and  solute  transport  systems.  Therefore,  it  is  very  important  to
preserve the cyto-architecture integrity of the embryos during cryopreservation. In
swine an improved development was recorded when embryos were treated with
cytochalasin-B  before  cryopreservation  [156].  In  contrast,  cytoskeleton
stabilization with cytochalasin-B did not affect the post-culture development of
buffalo  embryos  that  were  cryopreserved  by  a  two-step  vitrification  method  in
25% EG and 25% DMSO and 0.3 M sucrose [157]. However, the expansion and
hatching rates of cytochalasin-B-treated vitrified-warmed morulae were similar to
those recorded for their non-vitrified counterparts.

Finally, minimum volume vitrification methods, such as Open Pulled Straw [158]
and  Cryotop  [159,  160]  significantly  increased  the  survival  of  buffalo  IVP
embryos. Similar embryo survival rates (70% vs. 62% respectively) were recorded
after  24  h  post-warming  culture  of  buffalo  embryos  vitrified  in  OPS  with  the
vitrification/warming  solutions  formerly  used  for  buffalo  embryos  in  French
straws [143], and with those utilized for OPS vitrification of cattle embryos [161].
Subsequently, very promising results were obtained when IVP buffalo embryos
were  cryopreserved  by  Cryotop  (Fig.  4)  vitrification  [159].  The  embryos  were
equilibrated for 3 min in 7.5% GE and DMSO and then transferred into the final
vitrification  solution  (16.5%  EG,  16.5%  DMSO  and  0.5  M).  After  25  sec  the
embryos were picked up in a minimum volume (less than 0.1 µl), put on the top of
a Cryotop and immediately plunged into liquid nitrogen. Warming was carried out
in decreasing sucrose solutions (0.25 M for 1 min and 0.15 M for 5 min). Also in
this  trial  the  developmental  stage  affected  freezability  of  IVP  embryos,  with
enhanced survival for advanced embryos [158, 159, 162], such as expanded and
hatched blastocysts (around 75%), known to be higher quality embryos as they
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develop  faster  in  vitro.  Interestingly,  OPU-derived  blastocysts  vitrified  by  this
method  gave  higher  pregnancy  rate  at  25  days  than  in  all  former  studies:
pregnancy  rate  was  50%,  to  increase  up  to  75%  after  ET  of  fast  developing
embryos  [162].  In  addition,  pregnancies  established  by  fast  embryos  were
maintained  high  (62.5%)  also  at  45  days.  Nevertheless,  calving  rate  was  only
5.3%, to increase to 12.5% in case of faster developing embryos.

Fig. (4). Cryotop vitrification.

Finally,  unprecedented  results  came  from  an  OPU  trial  carried  out  in  Brazil,
where 70 embryos vitrified by CTV were transferred into recipients by fixed time
embryo transfer (FTET), using eCG in estradiol/progestin-based protocol [163].
With  regard  to  the  embryo-recipient  synchrony,  day  5  and  6-embryos  were
transferred into recipients on day 6 and 7 after ovulation, respectively. Pregnancy
rates  were 37.1% on day 30 and 31.4% on day 60,  with  15.4% late  embryonic
mortality. Development to term was higher than ever reported in literature, with
12 female and 10 male healthy calves born. These results completely changed the
scenario, opening opportunities for the application in the field of OPU-IVEP. It is
known  that  the  final  pregnancy  outcome  is  in  part  due  to  the  embryo  vitality,
affected  by  culture  conditions,  and  in  part  to  the  recipient  status  and  to  the
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appropriate embryo-recipient synchrony. Therefore, encouraged by the excellent
results, we planned an OPU trial and subsequent ET, to start with a better status of
both donors and recipients, and we used FTET, with eCG in GnRH based protocol
(as oestradiol is not allowed in our country) [164]. We transferred 46 blastocysts
(25 fresh and 21 vitrified). The ET of fresh blastocysts resulted in 32% and 24%
pregnancy  rates  on  day  25  and  45,  respectively.  However,  faster  developing
embryos,  i.e.  expanded  and  hatched,  gave  higher  pregnancy  rates  than  slower
developing embryos, i.e. early blastocysts and blastocysts (40 vs. 26.7% on day 25
and  30  vs.  20% on  day  45,  respectively).  Pregnancy  rates  after  ET  of  vitrified
embryos  were  23.8%  on  day  25  and  19.0%  to  term.  However,  the  difference
related  to  the  chronology  of  development  was  greater  for  vitrified  embryos:  in
fact,  faster  embryos  gave  45.5% pregnancy rate  on  day  25  and  36.4% to  term,
whereas no pregnancy was obtained from slower embryos.  In contrast  with the
other  trial  (involving  higher  numbers),  in  this  study  the  sex  ratio  was  skewed
towards males (66%). The overall improvement of pregnancy rate and the higher
efficiency  of  faster  embryos  suggest  that  both  the  embryo  viability  and  the
recipient  management  play  an  important  role.

In conclusion, there are no clear proofs indicating the supremacy of a particular
cryopreservation method for buffalo embryos. In this regard, it is worth reminding
that  it  is  not  possible  to  compare  results  because  different  laboratories  employ
different tools, and combinations of CPs/exposure times etc. In addition, the use
of  different  culture  systems,  proven  to  influence  embryo  viability  further
complicates the scenario. The choice of a specific tool also depends on the future
destination of the cryopreserved embryos. In fact, methods based on direct contact
of embryos with LN2  are not permitted for embryo movement across countries,
due to potential sanitary risks. Nevertheless, if the superiority of these methods is
proven also in terms of births after ET, strategies may be developed to eliminate
these risks, such as the use of sterile filtered LN2 and a safe sealing system before
storage.  Furthermore,  it  is  well  known  that  the  major  factor  influencing  the
cryopreservation  efficiency  is  undoubtedly  the  embryo  quality.  In  buffalo,  a
severe  selection  of  superior  quality  embryos  for  cryopreservation,  currently
practiced  in  cattle,  would  further  limit  the  number  of  embryos,  affecting  the
benefit  cost  ratio.  Therefore,  as  embryo  quality  depends  in  part  on  the  oocyte
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quality but mainly on the culture environment, the optimization of culture system
is still required.

7. OOCYTE CRYOPRESERVATION

Cryopreservation  of  mammalian  oocytes  represents  a  fundamental  technology,
because  of  its  potential  implications  for  a  faster  development  of  biomedical
research.  In  fact,  the  possibility  of  cryopreserving  oocytes  may  increase  the
availability of female gametes for a wide range of reproductive biotechnologies,
including  IVEP,  nuclear  transfer  and  gene  banking  for  the  preservation  of
endangered  species.  Although  embryo  cryopreservation  has  been  successful  in
several  species,  the  high  sensitivity  of  oocytes  to  cooling  injuries  still  makes
oocyte cryopreservation an open challenge in most mammals. Nevertheless, live
offspring have been obtained after ET of embryos produced from cryopreserved
mouse  [165],  rabbit  [166],  cattle  [167,  168],  equine  [169],  and  human  oocytes
[170]. The interest in oocyte cryopreservation in buffalo has increased over the
years because this technology, by enhancing the availability of gametes, may in
part overcome the major limitation of IVEP in this species, i.e. the poor number of
oocytes  that  can  be  recruited  [52].  The  possibility  to  store  large  number  of
competent oocytes may allow to plan IVF trials at the most convenient time and,
hence to reduce strongly the lab costs: indeed, the cost for processing 10 vs. 100-
200  oocytes  is  basically  the  same.  Nevertheless,  oocyte  cryopreservation  in
buffalo  is  an  open  challenge  as  buffalo  oocytes  are  highly  sensitive  to  chilling
injuries, due to their high intracytoplasmic lipid concentration [23]. Although the
superiority  of  vitrification  for  oocyte  cryopreservation  has  been  clearly
demonstrated in several species [171, 172], slow freezing of immature [173] and
in vitro-matured buffalo oocytes [174] has been only recently reported. It was first
demonstrated that slow freezing is not effective for immature buffalo oocytes, as
indicated by impaired maturation and development to morulae [175]. Then it was
proven that vitrification is more efficient than slow freezing for cryopreserving in
vitro-matured  buffalo  oocytes  [176].  The  former  studies  on  oocyte
cryopreservation  in  buffalo  were  performed  on  immature  oocytes  that  were
vitrified  in  traditional  French  straws,  using  a  variety  of  CPs  at  different
concentrations  and  different  exposure  times,  resulting  in  poor  maturation  rates
despite  the  high  post-warming  survival  [175,  176].  Among  the  cell  damages
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described, oocytes cracking of the zona pellucida was the abnormality observed
most frequently [175], followed by leakage of cellular contents, change of shape
and  splitting  into  two  halves.  Subsequently,  the  influence  of  different  CPs  at
different  concentrations  on  survival,  in  vitro  maturation  [177]  as  well  as  on
cleavage  and  blastocyst  production  [178]  of  vitrified-thawed  immature  buffalo
oocytes  was  evaluated.  For  all  CPs  used,  higher  maturation  and  cleavage  rates
were recorded at higher concentrations: 7M of DMSO, EG, PROH and glycerol.
Furthermore, blastocysts were produced for the first time from immature vitrified
oocytes  although  the  efficiency  was  low  and  not  affected  by  treatments  [178].
Then it was demonstrated that it is preferable to combine two permeable CPs and
that the best combination is EG and DMS in a 2-step vitrification (equilibration in
half the concentration of the final vitrification solution) both in French straws and
OPS [179]. More recently, it was demonstrated the superiority of CTV compared
to SSV for immature buffalo oocytes in terms of post-warming survival rates and
that  a  pre-treatment  with  cytochalasin  B  does  not  improve  the  efficiency  that
remained very low in terms of maturation, cleavage and blastocyst rates [180]. All
these  studies,  however,  confirmed  the  extremely  high  sensitivity  of  buffalo
immature  oocytes  to  cryopreservation.

In order to evaluate the effect  of meiotic stage,  buffalo immature oocytes were
vitrified at different maturation times (0, 6, 12, 18 and 24 h) in 40% propanediol
and 0.25 mol/L trehalose, and then matured for an additional time to reach 24 h of
IVM [181].  Improved post-thaw survival  and maturation  rate  were  observed at
higher  interval  of  maturation.  It  has  been  suggested  that  the  low  permeability
[182] and low stability [183] of plasma membrane may be responsible for higher
susceptibility  to  osmotic  damage  [184  -  186]  and,  hence  poor  cryotolerance  of
immature oocytes. The poorer maturation rate of oocytes that did not accomplish
maturation may be related to several factors, such as loss of association between
oocyte and cumulus cells [187, 188], loss of cell structure integrity, increasing the
ooplasm porosity [189], higher vulnerability of the cytoskeleton and cytoplasmic
damages [190, 191].

Recently, studies on buffalo oocyte cryopreservation have intensified, shifting to
in  vitro  matured  oocytes  and,  parallel  to  the  advancements  in  vitrification
technology achieved in other species, to the use of innovative methods. It is well
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documented  that  fast  cooling  and  warming  rates  decrease  the  CPs  toxicity  and
allow to bypass the exposure of oocytes to temperatures toward which they are
particularly sensitive [184, 192]. Therefore, several methods have been proposed
to enhance cooling and warming rates, based on the use of minimal volumes and
direct contact with LN2 [193]. Electron microscopy grids [194], glass capillaries
[195],  open-pulled  straws  [196],  cryoloops  [197]  and  cryotop  [198]  have,  as
common  denominator,  the  use  of  small  volumes.  Another  recently  developed
method is the solid surface vitrification (SSV), that combines the advantages of
the  containerless  microdrop-vitrification  and  of  a  precooled  metal  surface  that
increases heat exchange [199]. Minimum volumes vitrification methods such SSV
and Cryoloop vitrification (CLV) have been used to effectively cryopreserve in
vitro-matured buffalo oocytes, as shown by their capacity to cleave and develop
into blastocysts following IVF [63]. For SSV, oocytes were vitrified in 35% EG,
5%  PVP  and  0.4%  trehalose  and  warmed  in  a  0.3  M  trehalose.  For  CLV,
vitrification solution consisted of 16.5% EG and 16.5% DMSO and warming was
carried out in decreasing sucrose concentrations. Survival rates of denuded and
cumulus  enclosed  oocytes  were  high  with  both  methods.  However,  CLV
significantly  improved  cleavage  rate  compared  to  SSV  with  denuded  oocytes
(45%  vs.  26%,  respectively),  but  similar  values  were  recorded  with  cumulus-
enclosed  oocytes  (14%  vs.  15%,  respectively).  Although  blastocyst  production
from in vitro matured vitrified-warmed buffalo oocytes was described for the first
time, the efficiency was very low.

Blastocyst development was also achieved following parthenogenetic activation
of  in  vitro-matured  Swamp  buffalo  oocytes  vitrified  by  SSV  and  in-straw
vitrification  (ISV).  Both  methods  caused  ultrastructural  damages  to  microvilli,
mitochondria, oolemma and cortical granules, resulting in decreased competence.
However,  the  SSV  damaged  mitochondria  to  a  lesser  extent,  and  increased
blastocyst  rate  [200].  It  was  then  demonstrated  that  OPS  is  a  more  efficient
cryodevice than French mini straws and that EG +DMSO is better than propylene
glycol + DMSO to cryopreserve matured buffalo oocytes, as suggested by reduced
morphological  changes  and  DNA  damage  and  improved  developmental
competence [201]. Nevertheless, cleavage rates were still low and blastocyst rates
very poor.
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Cryotop  vitrification  (CTV)  is  certainly  one  of  the  most  efficient  ultrarapid
vitrification techniques, as suggested by the excellent survival and developmental
rates reported for human and bovine MII phase oocytes [198]. Lately, this method
was  effectively  employed  to  cryopreserve  horse  [202],  ovine  [203]  and  pig
oocytes [204]. It was demonstrated that in vitro matured Swamp buffalo oocytes
vitrified by CTV are able to cleave and reach the blastocyst stage after activation
and  nuclear  transfer  [205].  Thereafter,  the  capacity  of  in  vitro  matured  River
buffalo oocytes vitrified by CTV to cleave and to develop into blastocysts after
IVF was proven [206].  In particular,  higher efficiency was obtained by using a
two-step  equilibration  in  20%  DMSO,  20%  EG,  and  0.5  M  sucrose  during
vitrification and a multistep decreasing sucrose concentrations starting from 1.25
M  for  warming.  However,  in  spite  of  high  survival  (93%)  and  cleavage  rates
(55%), the percentage of blastocysts (8%) still need to be enhanced.

Another study reported that in a 2-step vitrification in microdrops, with 1 min in
the first  solution (10% DMSO and EG) an improved efficiency after  activation
and ICSI was obtained when oocytes were placed in the final vitrification solution
(20% DMSO and  EG +0.5  M sucrose)  for  30  s  compared  to  45  or  60  s  [207].
Furthermore,  it  was reported that  microdrops and CTV in a mixture of EG and
Me2SO are equally effective on survival and embryo development [208], although
the embryo development was very poor.

Another important aspect to consider is the critical role played by cumulus cells
during both oocyte maturation and fertilization. In fact, the presence of cumulus
investments may interfere with the diffusion of CPs within the oocyte, resulting in
insufficient cell protection [209]. Accordingly, buffalo oocytes should be freed of
cumulus cells before cryopreservation to increase the efficiency [63]. However, it
is well known that the removal of cumulus cells affects fertilization and embryo
development [62]. In our previous experience, non vitrified denuded oocytes gave
cleavage  and  blastocyst  rates  as  low  as  those  obtained  from  vitrified-warmed
oocytes  [63].  Impaired  fertilization  of  denuded  oocytes  is  due  to  the  lack  of
cumulus  cells,  known  to  attract  and  select  sperm  [210,  211],  promote  sperm
capacitation,  acrosome  reaction  and  penetration  [211,  212]  and  prevent  earlier
hardening of the zona pellucida [213]. Indeed, zona pellucida hardening occurs
following cryopreservation, decreasing fertilization rate [214, 215]. This problem
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may be in part overcome by partial removal of cumulus cells prior vitrification in
other  species  but  the  scarce  adhesion  of  somatic  cells  to  the  buffalo  egg  [52]
makes this procedure hard to perform.

Based  on  these  observations,  we  evaluated  whether  providing  cumulus  cells
support  during  IVF  of  vitrified-warmed  denuded  oocytes  would  improve  the
efficiency. The most efficient somatic support that totally restored the fertilizing
ability of buffalo denuded vitrified oocytes was demonstrated to be the co-culture
with bovine intact COCs (1:1 ratio) during IVF. In fact, this method significantly
improved cleavage rate up to values similar to those of fresh oocytes (61 vs. 68%),
without though improving blastocyst development [102]. The beneficial effect of
this co-culture approach on the fertilizing capability of denuded oocytes is likely
due to the fact that within the COCs physiological interaction between the oocytes
and  cumulus  cells  is  maintained.  On  the  other  hand,  post-fertilization  embryo
development  is  impaired  because  of  many  cryopreservation-induced  damages,
such as spindle disruption, chromatin fragmentation, spontaneous activation [216]
alterations of  microvilli,  mitochondria,  oolemma and cortical  granules [200].  It
results  that  although  the  replacement  of  cumulus  cells  during  IVF  of  vitrified
denuded  oocytes  is  efficient  to  restore  their  capability  to  be  fertilized  in  vitro,
other  strategies  still  need  to  be  developed  to  improve  the  developmental
competence  of  buffalo  oocytes  undergoing  vitrification.

8. SEX PREDETERMINATION: EMBRYO AND SPERM SEXING

The  predetermination  of  the  sex  of  offspring  has  immense  potentials  in  the
livestock  industry.  In  the  past,  manipulation  of  the  sex  ratio  went  through
selective abortion of the fetus of the undesired gender. With the improvement of
the IVEP system and the possibility to sex pre-implantation stage embryos, the
manipulation of the sex ratio has become a reality. For the buffalo species, sexing
embryos has been, likewise cattle, a landmark for the embryo transfer industry as
well  as  for  the  enhancement  of  the  genetic  merit.  A  number  of  techniques
developed  in  order  to  select  embryos  according  to  their  gender,  such  as
blastomere cytogenetic analysis [217 - 219], male-specific antigens [220, 221], X-
linked  enzyme  activities  [222]  and  hybridisation  by  specific  Y-linked  probes
[223], have been found to be of no practical value or not reliable in a commercial
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setting. With the advent and development of the polymerase chain reaction (PCR)
[224], a new scenario has opened within the embryo sexing technology, allowing
the possibility to amplify Y-chromosome-specific DNA sequences and therefore
differentiating male from female cells. The efficiency and potential of this new
technique  has  been  shown  in  several  species  [225],  such  as  in  human  [226],
bovine [227 - 231], equine [232], ovine [227, 233] and porcine embryos [234].

A  novel  methodology for  buffalo embryo  sexing was developed  by Appa  Rao
et  al.  [235],  by  amplification  of  the  Y-chromosome-specific  sequence.  DNA
amplification  is  an  ideal  and  sensitive  technique  based  on  repetitive  sequences
found on the Y chromosome, for the development of sexing protocols [228, 236,
237].  A  particular  repetitive  sequence  found  on  the  Y  chromosome  (BRY)  is
evolutively conserved in a number of species such as sheep, goat and deer [238,
239]. In buffaloes a sequence (BuRY.I), homologue of the BRY.1 sequence, has
been reported by Appa Rao and Totey [240], and consequently a PCR procedure
for  embryo  sexing  in  buffaloes  has  been  developed  using  specific  BuRY.I
primers. In doing so, a nested and multiplex PCR was developed as an efficient
and sensitive procedure to sex buffalo embryos, by using a single blastomere. In a
subsequent  study  [241]  primers  derived  from  bovine  Y-chromosome-specific
sequences  (BRY4.a  and BRY.1)  were  used on 359 IVP buffalo  embryos  along
with the available PCR assay. A comparison on two different methods for DNA
extraction  was  performed:  i)  a  standard  procedure  (ST)  where  an  ordinary
extraction was used by mean of  phenolchloroform, isoamyl alcohol  and a  final
precipitation  in  absolute  ethanol;  and  a  ii)  direct  procedure  (DT),  where  a
commercial  kit  (Qiaquik-qiagen  mini  blood)  was  used.  Sufficient  amounts  of
target  DNA  was  recovered  using  both  procedures  at  all  stages  of  embryo
development, although the commercial kits required much less time needed for its
execution when compared to the standard procedure: 5 h vs. 24 h, respectively.

Hirayama  et  al.  reported  a  loop  mediated  isothermal  amplification  (LAMP)  in
order  to  sex  buffalo  embryos  [242],  which  is  a  novel  approach  enabling  the
amplification  of  a  specific  target  sequence  under  isothermal  conditions.  These
authors have established an efficient protocol for sexing buffalo embryos with the
LAMP  approach,  by  identifying  Y  chromosome-specific  sequences  in  this
species.  It  only  takes  1  hour  for  the  procedure  of  DNA extraction  and  embryo
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sexing to be performed, with LAMP reaction requiring approximately 45 min. It
can conclusively be stated that the protocol established, with unneeded procedure
for thermal cycling and electrophoresis, is feasible and reliable and can therefore
be conducted in buffalo embryos.

The  SRY  gene  can  be  considered  the  dominant  functional  region  of  the  Y-
chromosome. Therefore, to be able to correctly conduct sex determination, it  is
logical to consider that male specific SRY (Sry) fragments have to be amplified.
Within  this  framework,  embryo  sexing  was  reported  by  Utsumi  and  Iritani,  by
employing PCR and a male-specific (SRY) primer [243]. Finally, it was recently
demonstrated  that  the  so-called  multiplex-nested  PCR procedure  is  also  highly
reliable  for  sexing  swamp  buffalo  embryos,  by  adjusting  MG2+  and  dNTPs
concentrations,  primers  ratio  and  number  of  cycles  [244].  Therefore,  efficient
methods for embryo sexing in buffalo are available but data are still lacking on
pregnancy rates after ET of sexed embryos.

To be able to determine gender prior to conception, is the most efficient mean to
reach the desired result in terms of wanted offspring. In this line, at present, the
only  correct  and  reliable  method  to  a  very  large  extent  for  sex  preselection,  is
based on the possibility to separate X- and Y-chromosome-bearing sperm cells by
flow cytometry. Preselected sperm cells can be then used in the realm of modern
reproductive technologies, ranging from AI to IVF, followed by ET. Sperm sexing
combined  with  IVF  or  ICSI,  can  be  accounted  for  a  more  efficient  and  higher
number of produced embryos of the desired gender when compared to traditional
and older technology for embryo sexing. The latter nowadays is only marginally
performed, due to its limited usefulness if we consider the number of discarded
embryos  of  unwanted  gender,  which  makes  the  procedure  in  its  whole  highly
inefficient. In 2003 [245], X- and Y-bearing spermatozoa were detected in water
buffalo  spermatozoa  by  fluorescence  in  situ  hybridization,  using  an  X-  and  Y-
specific probe set derived from yak chromosomes, and a cattle Y- chromosome
repeat sequence (BC1.2).

In a following study it was shown that X- and Y- painting probes can be used for
sexing procedures and analysis of spermatozoa belonging to different species of
the Bovidae family including buffalo [246]. In 2005 [247] pregnancies following
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AI with sexed semen were reported for the first time in buffaloes synchronized by
Ovsynch. In particular, low doses of sexed frozen spermatozoa, previously sorted
by  flow  cytometry,  were  deposited  near  the  utero-tubal  junction,  reaching
conception rates not significantly different from those reported ordinarily with the
use of a full dose of unsorted semen following conventional AI (42.8 vs. 43.3%,
respectively).

Following fetal  sexing and final  confirmation at  birth,  eight  of  the nine fetuses
corresponded  to  the  predicted  sex.  Further  investigations  on  the  validity  and
reliability  of  the  procedure  of  sexing  sperm  cells  and  follow-up  production  of
buffalo calves of the wanted gender, were carried out [248]. In an additional trial,
sorted buffalo X-sperm cells was used for AI in buffaloes following spontaneous
estrus,  resulting  in  a  69.7%  conception  rate  and  82.8%  sexing  accuracy.
Individual  bulls  were  found  to  be  a  determining  factor  for  conception  rate,
although similar results were obtained when considered both sorted and unsorted
semen  as  well  as  heifers  vs.  pluriparous  buffalo  cows.  Similar  pregnancy  rates
with sexed and conventional semen were also recorded after AI in Mediterranean
buffalo heifers synchronized by Presynch; in this trial pregnancy rates were higher
when sexed semen was deposited into the body of the uterus rather than the horn
[249]. Recently, similar pregnancies after AI with sexed and conventional semen
were  also  reported  in  pluriparous  Mediterranean  buffaloes  during  different
seasons  [250].

Finally,  sexed  sperm  were  used  for  IVF  of  OPU-derived  buffalo  oocytes  to
produce  sex-preselected  embryos  [17].  No  differences  in  cleavage  (50.5  vs..
50.9%)  and  blastocyst  (15.3  vs..  19.1%)  development  were  recorded  between
frozen-thawed  sexed  and  unsexed  semen.  More  importantly,  pregnancies  were
established after ET of sex preselected embryos at the same rate of the unsexed
embryos  (26.5  vs.  26.9%,  respectively  with  fresh  embryos;  11.6  vs.  15.4%,
respectively  with  frozen-thawed  embryos).

The results here reported indicate the feasibility of the application of the sexing
technology to accelerate the genetic improvement in buffalo both via maternal and
paternal lineage. However, data are still limited and more extensive studies should
be carried out  to allow optimization of the procedure before it  is  commercially
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applied.

CONCLUSION

An incredible improvement in the efficiency of a number of embryo related and
reproductive technologies, such as IVEP in the buffalo species has been achieved.
The  recent  results  in  terms  of  pregnancy  rates  after  ET  of  cryopreserved  IVP
buffalo embryos are unprecedented in science and open alternative reproductive
strategies  and  new  possibilities  for  the  commercial  use  of  OPU  and  IVEP  in
buffalo.  Nevertheless  there  is  still  a  need  to  continue  to  improve  and  optimize
culture  conditions  in  order  to  increase  the  viability  and  cryotolerance  of  IVP
embryos,  so  that  this  newly  developed  reproductive  technologies  will  become
more attractive and diffuse in the buffalo breeding industry.

The major current limitation is the low number of oocytes recovered that depends
on  the  scarce  follicular  reservoir  of  the  species.  It  follows  that  the  human
intervention is strongly limited to overcome the innate limitation of the species to
yield  competent  oocytes,  although  some  expedients  may  increase  the  recovery
rate  to  a  certain  extent.  In  future  perspective,  the  optimization  of  the  oocyte
cryopreservation efficiency may lead to increased oocyte availability for IVEP,
allowing  to  better  plan  IVF  trials  and  save  resources.  Furthermore,  the  use  of
sexed semen for IVF may further optimize the competitiveness of this technology.
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Abstract: Somatic cell nuclear transfer (SCNT) is a relatively new technique applied to
the buffalo species. The current oocyte maturation, enucleation and nuclear transfer,
and in vitro embryo culture systems for buffalo reconstructed embryos, are comparable
with  bovine SCNT. However,  there  are  very few reports  on delivery of  normal  live
cloned buffalo calves. The inducible pluripotent stem cells (iPS), which made a major
breakthrough  in  the  remodeling  of  somatic  cell  nucleus  by  inducing  different
transcription  factors,  have  not  been  applied  in  the  buffalo  cloning.  Moreover,  the
application  of  SCNT  in  transgenesis  of  buffalo  is  limited  to  the  development  of
transgenic  blastocysts.  In  this  chapter,  we  described  recent  advances  and  novel
approaches  in  SCNT  and  transgenic  buffalo  productions  in  connection  with  the
concurrent  advances  in  other  relevant  mammalian  species.

Keywords: Buffalo, Cloning, Induced pluripotent stem cells, Somatic cell nuclear
transfer, Transgenesis.

1. INTRODUCTION

Buffaloes  (Bubalus  bubalis) are characterized  by a series of physiological fea-
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tures  such  as  late  onset  of  puberty,  silent  estrus,  seasonal  anestrus,  long  post
partum anestrus and long calving interval [1]. Moreover, the ovaries of buffaloes
present lower numbers of follicles, leading to few oocytes available for in vitro
embryo  manipulation.  Consequently,  progress  in  the  application  of  assisted
reproductive  technologies  has  been  slow  in  this  species  [2].  The  first  cloned
buffalo calves were born in 2007 [3], approximately 16 years after the first buffalo
calf  born  from  in  vitro  fertilization  [4];  however,  there  is  no  report  of  a  live
transgenic  buffalo  clone  to  date.

When  any  organism is  genetically  identical  to  another,  it  is  considered  to  be  a
biological clone. Cloning is a complex process leading the to the production of an
identical genetic organism through the procedure of somatic cell nuclear transfer
(SCNT), as defined by the American Medical Association. Often though, the term
cloning is also used, in a broader definition, to include the production of tissues
and  organs  from  cells  or  tissue  cultures  adopting  stem  cells.  The  first  cloning
experiment  in  farm  animals  was  conducted  in  the  late  1980s  to  produce
monozygotic  twins  by  cutting  an  embryo  into  two  halves  and  each  half  then
transferred in an empty zona pellucida in sheep [5] and cows [6]. A tremendous
advance in farm animal cloning was reached with the birth of Dolly the sheep in
1996, by using the SCNT procedure [7]. Dolly was produced by transferring an
adult somatic cell nucleus into an enucleated oocyte. Since then, clones have been
born in  different  farm animal  species  using various somatic  cell  nuclei  derived
from  fetuses  to  adult  animals.  The  birth  of  Polly  was  considered  the  second
landmark in biology and farm animal cloning, as this animals was a genetically
modified  clone,  which  opened  a  new  horizon  in  farm  animal  cloning  [8].
Transgenic  farm  animals,  which  are  a  group  of  animals  which  have  been
genetically modified, are characterized by having inserted in their genome, one or
more genes derived from another organism, and following the birth of Polly, more
farm animals have been cloned by SCNT such as goat [9], pig [10 - 12] and cattle
[13 - 15].

Recently,  the  reprogramming  of  somatic  cells  in  animals  has  been  achieved
through the forced induction of several transcription factors. The reprogrammed
cells  present  the  properties  of  embryonic  stem cells  and  are  known as  induced
pluripotent  stem  cells  (iPS)  [16].  IPS  cells  are  able  to  produce  live  mouse
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chimeras  [17  -  19].  Why  such  excitement  in  a  successful  cloning?  In  breeding
programs, in order to quicken the disseminations of genes from superior genetic
animals  to  less  valuable  genetic  animals  within  commercial  populations  for
generating transgenic animals, cloning is instrumental due to its intrinsic features
of increasing the accuracy of selection and the genetic progress. Unfortunately,
the main limitation of this novel strategy, is  the low success rate of the overall
process and consequently the high cost per single transgenic animal produced to
be ready for reproduction [20].  In this  chapter,  the authors describe the current
state of cloning and transgenesis in the buffalo species.

2. SOMATIC CELL NUCLEAR TRANSFER

By SCNT is meant a laboratory procedure performed in order to de-differentiate a
somatic  cell,  like  a  fibroblast  or  any  other  adult  somatic  cell,  so  that  a  nuclear
reprogramming can occur when subsequently,  the same somatic cell  is  inserted
into an enucleated recipient oocyte [21]. By employing such technical procedure,
a number of genetically identical animals can be obtained. Nuclear transfer is a
powerful tool for studying genomic imprinting, nuclear-cytoplasmic interaction,
totipotency, and the contribution of paternal and maternal genomes to developing
embryos. However, it is an inefficient method for cloning farm animals, achieving
0 to 4% live births [22]. Parameters affecting the success rate include the age of
donor  cells,  cell  cycle  stage,  ploidy  and  developmental  stage  of  recipient  cells
[23], and activation schedule following fusion [22]. The SCNT procedure includes
several steps as described below (Fig. 1).

2.1. Oocyte Recovery

Three  methods  are  widely  used  for  retrieving  immature  oocytes  from  abattoir
ovaries  in  buffalos  (Table  1):  1)  slicing,  2)  follicle  puncture,  and  3)  follicle
aspiration. The follicular aspiration method is commonly used for the retrieval of
COCs  for  SCNT  and  transgenic  operations  in  buffalos.  The  mean  recovery  of
good quality oocytes per abattoir ovary is between 0.4 to 2.4 [24 - 28], which is
lower than cattle (8–12 good quality oocytes/abattoir-derived ovary). Ultrasound-
guided  ovum  pick  (OPU)  from  live  animals  slightly  increases  the  number  of
oocytes retrieved [29 - 31]. The buffalo ovary is smaller in size [32] and contains
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fewer follicles than cattle, resulting in fewer follicles recruited in each cycle [33].
The low number of good quality oocytes available per ovary is further decreased
in  the  presence  of  corpus  luteum  [29].  The  cumulus  cell  attachment  and
cytoplasmic  structure  of  immature  oocytes  correlate  with  its  developmental
competence. According to Chauhan et al. [34], the developmental competence of
oocytes declines from Grade 1 to Grade 3. Grade 1 and 2 oocytes are generally
used for in vitro maturation (Table 2).

Fig.  (1).  Somatic  Cell  Nuclear  Transfer  (SCNT)  and  the  steps  needed  for  multiple  identical  offspring
production. Cited from Campbell  et al. [45], Theriogenology 2007, 68S: S214–S231.
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Table 1. Methods of oocyte retrieval from slaughterhouse buffalo ovaries.

Parameter Slicing Follicle puncture Follicle aspiration

Definition Ovaries are sliced into small
pieces using a surgical blade in
a Petridish containing normal
saline solution. The sliced
stromal tissues are discarded
and the oocytes are selected
under a stereomicroscope

Follicles are punctured
with an 18 or 20 gauge
needle. Oocytes with
follicular fluids are
allowed to escape into the
normal saline solution of
Petri dish by applying
gentle pressure on the
adjacent stroma of
punctured follicle

Follicular fluids are aspirated
through a sterile 18 to 20
gauge needle attached to a
syringe or vacuum pump.
Finally, the oocyte is
collected from the aspirated
content under a
stereomicroscope

Follicle source Follicles in the ovarian surface
as well as in the deeper cortical
stroma

Follicles in the ovarian
surface

Follicles in the ovarian
surface

Time required
for oocyte
collection (min)

High (2.8 ± 0.09) Low (1.5 ± 0.06) Low (1.6 ± 0.07)

Efficiency Higher number of oocyte/
ovary (6.25/ovary)

Low number of oocytes/
ovary (3.10/ovary)

Low number of oocytes/
ovary (2.35/ovary)

Oocyte
morphology

Higher chance of poor quality
oocytes

Lower chance of poor
quality oocytes

Lower chance of poor quality
oocytes

Follicle size Slice all follicles, irrespective
of size

Puncture follicles of the
desired size

Aspirate follicles of the
desired size

Summarized from Kumar et al. [29] and Das et al. [26].

Table 2. Classification of immature buffalo oocytes.

Grade 1 Grade 2 Grade 3

Cumulus cell Compact cumulus cell
attachment
More than five layers of
cumulus cells

Compact cumulus cell
attachment
Less than five layers of
cumulus cells

Oocyte without a cumulus
cell or with an expanded
cumulus cell, or that is
partially denuded

Cytoplasm Homogenous cytoplasm Homogenous cytoplasm Uneven cytoplasm
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Grade 1 Grade 2 Grade 3

Photo courtesy of
Dr. Bianca
Gasparrini

Summarized from Chauhan et al. [34]

2.2. Effect of Donor Cell Types on Efficiency of Embryo Development

Different cell types are used as nuclear donors to generate farm animal clones by
SCNT.  The  cell  cycle  phase  of  the  donor  cells  at  the  time  of  nuclear  transfer
affects  the  efficiency  of  SCNT.  Donor  cells  in  G0/G1  provide  greater  cloning
efficiency than cells in other phases [35]. Variation in cloning efficiency was also
observed between different sub-populations of the same cell line [36] and between
different  clonal  lines  of  transgenic  fibroblasts  originating  from  the  same  fetus
[37]. Moreover, the genetic origin of the donor cells affects the success of SCNT
in mouse and sheep [38]. The donor cells used for SCNT in different species can
be divided into three groups according to their origin:

2.2.1. Embryo-Derived Donor Cells

The  first  cloned  mammal  offspring  was  derived  by  transferring  embryonic
blastomeres  to  recipient  oocytes  [39].  Nuclei  from  8-  to  16-cell  stage  sheep
embryos produced live lambs following transfer  into recipient  sheep.  Nuclei  of
embryonic  blastomeres  are  more  efficient  than  somatic  cell  nuclei  and  achieve
higher embryo production rates, higher pregnancy rates and lower incidences of
death and developmental abnormalities. However, the low number of clones has
limited its use in farm animal cloning. No buffalo calf was born from transfer of
embryonic nuclei to date.

2.2.2. Somatic Cells

A  variety  of  differentiated  somatic  cell  types  have  been  successfully
reprogrammed into recipient enucleated oocytes (Table 3). Thanks to their rapid
growth in culture, fibroblast have been chosen and used extensively in the course
of SCNT. In cattle, skin fibroblasts >12 passages tend to lose their chromosomal
structure, resulting in the developmental failure of the clone offspring [40], and
usually decapitated and eviscerated fetuses at around 40 to 60 days of gestation,

(Table 2) contd.....
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are the source of these cells to be used in SCNT. In 1999, Parnpai et al. [41] first
reported  of  producing  cloned  swamp  buffalo  blastocysts  from  fetal  fibroblasts
which had been used up to passage 8.

Table 3. In vitro culture of buffalo reconstructed embryos.

Reference In vitro culture condition Donor cells %
blastocyst

Comment

1 Twenty couplets per 100 µL
mSOFaa medium for 2 days
Ten 8-cell embryo/ 100-µL
droplet of mSOFaa, cell free
system or co-cultured with cattle
or buffalo oviductal epithelial cells
for additional 5 days

Buffalo FF Cell free: 20
Cattle OEC:
30.9
Buffalo
OEC: 30.9

% blastocyst from
cultured 8-cell stage

2 Twenty couplets per 100 µL
mSOFaa medium for 2 days.
Ten 8-cell embryo/ 100-µL
droplet of mSOFaa + cattle
oviductal epithelial cells for
additional 5 days

Buffalo FF 21.8 CC nuclei
reprogrammed more
efficientlyEF 26.8

GC 24.5

CC 27.9a

3 a. Hepes-modified TCM199 +
10% FBS

Buffalo ovarian
granulose cells

22.3a Compared to IVC
media
100 µL droplet for 7
days

b. Hepes-modified TCM199 +
0.1% PVA

13.0

c. CR1aa + 0.3% BSA 19.2a

4 30 µL mSOFaa medium for 2 days
Ten 8-cell embryo droplets of
TCM199 + 3% ECS + GC
monolayer
50% medium was replaced with
fresh medium every 24 h until Day
8

Buffalo FF/Buffalo
GC

Conf: 8.7/9.8 Donor cells were
subjected to confluent
(Conf), serum
starvation (SS) and
aphidicolin + serum
starvation (ASS)

SS: 10.6/10.3

ASS:
21.3/22.2

5 Embryos were cultured in 100 µl
droplets of mSOF for 2 days
8-cell embryos were transferred
into 100 µl droplets of mSOF with
bovine oviductal epithelial cells
for 5 days.

Buffalo ear skin 35.0 Evaluated epigenetic
characteristics of
SCNT and IVF
embryos
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Reference In vitro culture condition Donor cells %
blastocyst

Comment

6 Embryos were cocultured with
BRL cells in 50 µL droplets of
TCM199 + 10% FCS for 2 days
8-cell embryos were transferred in
50 µL droplets of TCM199 + 10%
FCS + buffalo oviductal epithelial
cells for 5 days

Buffalo FF BO: 39.0 Evaluated SCNT
efficiency of buffalo
FF on buffalo oocyte
(BO) and cow oocyte
(CO)CO: 33.0

7 10–15 re-constructed embryos/400
µL K-RVCL-50 + 1.0% fatty acid
free BSA in a 4 well dish covered
with mineral oil for 7 days

Fetal skin (60 days) 24.0 Different donor cells
were compared
according to SCNT
efficiency.
Cumulus cell was
more efficient

Newborn skin 33.0

Adult skin 21.0

Cumulus cells 49.6

8 20 embryos/ 100 µL droplets of
mSOFaa + 0.3% fatty acid-free
BSA for 2 days. 8-cell embryos
were cocultured with bovine
oviductal epithelial cells (BOEC)
for 5 days. Half of the medium
was changed with fresh medium
every day

Adult ear skin 23.0 Evaluated vitrification
effect of oocyte on
SCNT efficiency.
Fresh control
development rate was
presented in this table

9 30 µL droplets of TCM199 + 10%
FBS+ buffalo granulose cell
monolayer
50% medium was changed every
two days until day 8 of embryonic
development

EG-like cells 13.3a EG-like cells showed a
similar efficiency to
that of the nuclear
donors, at least until 8
passages

EGFP EG-like cells 11.0a

Buffalo FF 7.1a

EGFP Buffalo FF 0b

10 30 µL droplets of TCM199 + 10%
FBS+ buffalo granulose cell
monolayer
50% medium was changed every
two days until day 8 of embryonic
development.

Freshly-thawed ear
fibroblasts

9.5

Serum-starved ear
fibroblast

16.2a

Cumulus cells 17.9a

G1 ear fibroblasts 16.2a

11           a. TCM199 + 10% FBS +
buffalo oviductal epithelial cells

Media was changed
every 2 days

a38% Cumulus cell nuclei
were used in cloning

          b. TCM199 + 10% FBS +
buffalo cumulus cells

a35%

          c. TCM199 + 10% FBS +
Vero cell

a35%

          d. Ligated buffalo oviduct
culture

a35%

          e. TCM199 + 10% FBS 17%

(Table 3) contd.....
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Reference In vitro culture condition Donor cells %
blastocyst

Comment

12 a. TCM199 + 20% FBS + 10
ng/mL EGF + 100 µM cysteamine
+ 50–100 cylinder of buffalo
oviductal epithelial cells

Media was changed
every 2 days

0% Nuclei of FF were
used in cloning

b. SOFaa + 4 mg/mL FAF BSA +
10 ng/mL EGF+ 100 µM
cysteamine

0%

c. G1/G2 + 0.5% FAF BSA 3%
1: Parnpai et al. [41]; 2: Srirattana et al. [93]; 3: Pandey et al. [94]; 4: Shi et al. [3]; 5: Suteevun et al. [95]; 6:
Kitiyanant et al. [96]; 7: Shah et al. [61]; 8: Muenthaisong et al. [97]; 9: Huang et al. [87]; 10: Yang et al.
[98]; 11: Wadhwa et al. [83]; 12: Simon et al. [52]. FF: Follicular fluid; EF:; GC: granulose cell CC: cumulus
cell; OEC: oviductal epithelial cells.

2.2.3. Stem Cells

Nuclear  reprogramming  in  SCNT has  been  playing  a  pivotal  role,  since  it  was
observed  that  more  differentiated  (adult)  somatic  cells  are  more  difficulty
reprogrammed than less differentiated cells.  The finding that less differentiated
cells can be more easily reprogrammed than more differentiated cells supports the
critical  role  of  nuclear  reprogramming  in  SCNT  [42,  43].  SCNT  embryos  and
their development are easily affected by the state of differentiation and the type of
donor cell, and this is due to the nature of the donor cell itself and its epigenetic
state at the time of embryo reconstruction [44]. All the above are supportive of the
idea  that  the  oocyte  milieu  following  SCNT  can  more  easily  reprogram  less
differentiated  cells,  such  as  stem  cells.

2.3. Preparation of Recipient Oocytes

Metaphase II (MII) oocytes are generally used as recipient cytoplasts for SCNT.
Fertilized  zygotes  and  2-cell  embryos  are  also  able  to  reprogram differentiated
somatic  cells  [45];  however,  the  efficiency  of  reprogramming  is  very  low
compared to MII oocytes. In buffalo, MII oocytes are commonly used for cloning
and transgenic animal production. Buffalo oocytes with more than three to five
compact  cumulus  layers  and  an  even  cytoplasm  recovered  from  2  to  8  mm
follicles are mostly cultured in groups (5 to 20 oocytes) for 21–24 h in 50 to 100
µL  droplets  of  commercially  available  complex  medium such  as  tissue  culture

(Table 3) contd.....
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medium  199  (TCM  199),  Ham’s  F-10  medium,  G1/G2,  or  minimum  essential
medium (MEM). These media were originally designed for cell  culture and are
not capable of supporting high levels of oocyte maturation. Therefore, these basic
media  are  often  supplemented  with  sera  (fetal  calf  serum,  fetal  bovine  serum,
estrus  buffalo  serum,  estrus  cow  serum,  human  serum,  steer  serum  or  super
ovulated buffalo serum),  a  hormone such as FSH alone or in combination with
LH, or  a  combination of  FSH, LH or  estradiol.  Feeder  cells  and in  some cases
follicular fluids can also supplement basic medium. TCM199 with supplements is
commonly  used  for  IVM  of  buffalo  oocytes  in  cloned  and  transgenic  animal
production protocols (Table 4). Immature buffalo oocytes need to be cultured in
vitro for 18 to 24 h for proper maturation [46]. After IVM, the cumulus cells are
removed either mechanically by repeated pipetting in 0.2% hyaluronidase using a
fine-tip pipette or by vortexing in a 1.5 mL microcentrifuge tube containing 500
µL of medium supplemented with hyaluronidase (0.5 mg/mL). The oocytes are
then  sequentially  washed  five  times  in  TCM199  medium.  For  enucleation,
matured oocytes with first polar bodies are placed into culture medium containing
5 µg of cytochalasin B/mL for 5–15 min.

Table  4.  In  vitro  maturation  media  used  for  in  vitro  maturation  of  buffalo  oocyte  for  cloning  and
transgenesis.

Composition Formulation

1 2 3 4 5 6 7 8 9 10 11 12

Base medium TCM199 TCM199 TCM199 TCM
199

TCM
199

TCM199 TCM199 TCM199 TCM 199 TCM199 TCM199 NaHCO3

buffered
TCM199

Hepes - - - 5 mM - - - - 5 mM - - -

NaHCO3 25 mM 25 mM - 26.2
mM

25 mM - - 25 mM 26.2 mM - - -

Sera 10% FBS 10%
FBS

10%
FBS

5%
ECS

10%
FBS

10%
FBS

10% FBS 10%
FBS

5% ECS 10%
FBS

10% FCS 10%
FBS

FSH 0.02 AU/mL 0.02
AU/mL

500
IU/mL

0.1
lg/mL

0.02
AU/mL

5
mg/mL

5 mg/mL 0.02
AU/mL

0.1 µg ⁄mL 5 ug/mL 1 µg ⁄mL 1 µg ⁄mL

LH 50 iu/mL
hCG

50
iu/mL
hCG

500
IU/mL

- 50
iu/mL
hCG

5
mg/mL

50
iu/mL
hCG

- 10
ug/mL

5 µg ⁄mL 0.02 IU
⁄mL

Estradiol 17β 1 µg/mL 1 µg/mL 1000
IU/mL

- 1
µg/mL

1
mg/mL

1 mg/mL 1 μg/mL - 1 μg/mL 0.5 µg
⁄mL

1 µg ⁄mL

Sodium
pyruvate

0.2 mM 0.2 mM - - 0.2
mM

0.2 mM 0.8 mM 0.2 mM - 0.2mM 27.5 µg
⁄mL

Follicular
fluid (FF)

- - - 2%
bovine
FF

- - 5%
Buffalo FF

- 2% bovine
FF

- -

Cysteine - - - - - - - - - 50 mM - 100 µM
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Composition Formulation

1 2 3 4 5 6 7 8 9 10 11 12

Growth
factor

- - - - - - - - - 25
ng/mL
EGF

10 ng/mL
EGF

10
ng/mL
EGF

Antibiotic 50 µg/mL
penicillin
G+100
µg/mL
streptomycin
sulphate

- - - - - 50 mg/mL
gentamicin

- 60 µg⁄mL
penicillin
G+100
µg⁄mL
streptomycin
sulphate

- - -

Others - - - - - - - - - - 10% post
maturation
medium

-

Follicle size 2-8 mm 2–8 mm 2–8 mm 2–6
mm

2–8 mm 2–6 mm - -

Culture
period

19 h 22 h 24 h 20–22
h

22 h 24 h 21 h 21 h 22 h 22-24 h 18-22 h

Reference 1 2 3 4 5 6 7 8 9 10 11 12

Post maturation medium: supernatant medium previously collected from the cultures of mature oocytes; BFF:
buffalo follicular fluid.
1: Parnpai et al. [41]; 2: Srirattana et al. [93]; 3: Pandey et al. [94]; 4: Shi et al. [3]; 5: Suteevun et al. [95]; 6:
Kitiyanant et al. [96]; 7: Shah et al. [61]; 8: Muenthaisong et al. [97]; 9: Huang et al. [87]; 10: Yang et al.
[98]; 11: Wadhwa et al. [83]; 12: Simon et al. [52].

2.4. Enucleation of Oocytes

Enucleation  of  oocytes  can  be  conducted  using  either  zona-intact  or  zona-free
oocytes. The use of zona-intact oocytes is known as traditional cloning and that of
zona-free oocytes is known as handmade cloning (HMC).

2.4.1. Zona-Intact Oocytes

The metaphase II spindle of an in vitro-matured oocyte is removed by maintaining
the oocyte in the appropriate position by applying to it a minimal vacuum force
through the polished end of holding pipette. Then, the chromatin within the oocyte
is  aspirated  by  mean  of  a  sharp  enucleation  pipette  going  through  the  zona
pellucida. Different techniques have been developed to optimize the enucleation
process  in  different  species  including:  1)  enucleation  of  oocyte  at  MII,  2)
enucleation  of  activated  oocyte  at  telophase  of  the  second  meiotic  division,  3)
enucleation at  anaphase/telophase of the first  meiotic division,  and 4) chemical
enucleation  using  etoposide,  a  combination  of  etoposide  and  cycloheximide  or
ethanol and demecolcine. Recently, techniques have been developed to visualize
the MII spindle during enucleation (Fig. 2).

(Table 4) contd.....
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Fig. (2). Enucleation of buffalo oocytes under the Spindle View System. (A) Spindle (SP) of a buffalo oocyte
prior  to  enucleation.  Original  magnification  3200.  (B)  Spindle  inside  the  25  µm  beveled  glass  pipette
diameter,  following  enucleation.  Original  magnification  3200.  Cited  from  Shi  et  al.  [3],  Biology  of
Reproduction  2007,  77,  285–291.

For example, the exposure of oocytes to 3% sucrose allows the visualization of
the  meiotic  spindle  with  a  light  microscope.  A POL-scope  and  XY clone  laser
system can also be used (detail reviewed in Campbell et al. [45]). Most published
studies of buffalo cloning and transgenesis report the enucleation of oocytes at the
MII stage using a glass pipette. The oocytes are placed in 30–50 µL droplets of
enucleation medium containing 5 to 7.5 µg cytochalasin B (CB) per milliliter of
medium for 5–15 min before micromanipulation. An inverted miscroscope set up
on a micromanipulator is used to remove both first polar body and metaphase II
plate  thanks to  a  sharp beveled pipette  with  an inner  diameter  of  20 to  25 µm.
Alternatively,  enucleation  can  be  performed  by  squeezing  out  a  small  volume
(~10%) of cytoplasm where the first polar body is visualized, following a small
dissection of the zona pellucida and a glass needle used to exert a slight pressure
above the opening that has been created (Fig. 3). The successful enucleation of
each oocyte is confirmed by staining by fluorescence the squeezed out cytoplasm
with Hoechst 33342 [41, 47].

2.4.2. Zona-Free Oocytes

Two methods are used to enucleate zona-free oocytes:



446   The Buffalo (Bubalus bubalis) - Production and Research Kumar Deb et al.

2.4.2.1. Enucleation by Bisecting

To  our  knowledge,  three  different  enucleation  methods  have  been  reported  for
manually bisecting denuded oocytes:

Fig. (3). Enucleation of buffalo oocytes by squeeze out technique (A) Matured swamp buffalo oocytes (B-C)
dissection  of  the  zona  pellucida  by  using  a  glass  needle,  close  to  first  polar  body  (D)  squeezing  out  of
cytoplasm (~10% of volume) following mechanical opening of the zona pellucida in correspondence to the
first polar body. Courtesy of Parnpai, R (unpublished data).

2.4.2.1.1. Blind Bisection

In this process, the in vitro-matured oocytes are denuded and oocytes with first
polar bodies are selected for bisection prior to zona removal and enucleation. The
selected oocytes are bi-sectioned manually and the chromosome complements are
removed  under  UV  light.  Finally,  a  single  somatic  cell  and  two  cytoplasts  are
fused to develop a cloned embryo. Inevitably, some errors in the selection process
of the enucleated cytoplasm have to be contemplated when this approach is used.
In  fact,  it  is  mandatory  to  quickly  identify  the  nucleated  halves  through  UV
exposure  by  reducing  as  much  as  possible  the  time  needed,  in  addition  to  the
possible misidentification of the human eye of the cytoplast to be disposed of.
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2.4.2.1.2. Combined Blind Bisection and Hoechst 33342 Staining

This  is  a  modification  of  the  blind  bisectioning  method.  In  this  process,
enucleation  is  conducted  after  visualizing  genetic  material  by  staining  with
Hoechst 33342 under UV light. Following enucleation, a single somatic cell and
two  cytoplasts  are  fused  to  develop  a  cloned  embryo.  Enucleation  following
Hoechst  staining  has  improved  the  accuracy  of  the  technique.

2.4.2.1.3. Protrusion Cone-Guided Bisection

In  this  method,  denuded  matured  oocytes  are  directly  subjected  to  pronase
digestion without  polar  body selection.  An oocyte with a  polar  body exhibits  a
prominent surface protrusion when the zona is digested. The cumulative effect of
pronase and subsequent incubation in culture medium facilitates protrusion on the
surface  of  the  oocyte.  Oocytes  exhibiting  a  surface  protrusion  cone  are  then
selected  for  manual  bisection.  In  this  method,  the  oocytes  are  not  subjected  to
Hoechst  33342  and  UV  light.  The  labeling  and  enucleation  of  oocytes  with
Hoechst  33342  have  no  adverse  effect  on  SCNT  success  rate,  but  a  loss  of
membrane integrity can be caused by direct exposure to UV light, together with a
decreased  methionine  incorporation  and  altered  protein  synthesis  in  bovine
oocytes  [48].

2.4.2.2. Enucleation with Simple Blunt Micropipette

In this method (Fig. 4), the metaphase II plate is directly aspirated from the zona
removed oocyte under a UV light system with very little cytoplasm. This method
is similar to classical method of enucleating zona-enclosed oocytes. However, it is
less complicated and much faster than enucleating a zona-enclosed oocyte [49].

2.5. Donor Cell Transfer

The cultured donor cells are usually serum-starved (in DMEM + 0.5% FCS for
24-72 h) to arrest them at G0/G1 stage. Following serum starvation, the cells are
digested with an enzymatic solution (0.25% trypsin and 0.05% EDTA) for 5 to 7
min. A micropipette is used to insert a fibroblast cell into the perivitelline space of
the  enucleated  oocyte,  through  the  opening  made  in  the  zona  pellucida  in  the
course of enucleation (Fig. 5).
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Fig. (4). Zona-free enucleation. Removal of the metaphase plate by adoption of a blunt enucleation pipette
and a separation needle (a-c-e-h). (a) Both the enucleation pipette and the metaphase plate are adjusted in
order to be on the same focal plane. (c) The metaphase plate is aspirated inside the glass pipette together with
a small  amount of  cytoplasm. (e,g)  In one single and smooth movement,  the separation needle is  pushed
upward  (f)  and  rightward  (g)  to  completely  detach  the  karyoplast  (h).  Removal  of  the  metaphase  plate
(arrows) is confirmed by Hoechst 33342 staining (b,d). Bar 5 40 mm. Cited from Oback et al. [56], Cloning
and Stem Cells 2003, 5: 3-12.

2.6. Fusion

In  buffalo,  the  fusion  of  donor  nucleus  and  recipient  cytoplasm  is  generally
achieved with an alternative pulse followed by one or two DC electric pulses or a
DC  pulse  alone.  Zimmermann  fusion  medium  or  0.28–0.3  M  mannitol
supplemented  with  CaCl2,  MgSO4  with  or  without  Hepes,  and  BSA are  mostly
used for the fusion of reconstructed oocytes. Parnpai et al. [41] reported of using a
pair of fusion electrode instead of fusion chamber led to achieve the high fusion
rate (Table 5).
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Fig. (5). Injecting donor cell into enucleatated swamp buffalo oocyte and fusion (A-C). A single donor cell is
inserted into the perivitelline space of enucleated oocyte through the opening in the zona pellucida created at
enucleation (D). The coupled donor cell-enucleated oocyte is placed and fused between the fusion electrode
in a Zimmermann medium, by using a 2 direct current pulses of 26 V for 17 µsec. Courtesy of Parnpai, R
(unpublish data).

Table 5. Protocol for fusion of reconstructed buffalo couplets.

Reference Fusion protocol Fusion medium

1 Two DC pulses of 30 V for 15 µsec Zimmermann fusion medium (Zimmermann &
Vienken, 1982)

2 Two DC pulses of 26 V for 17 µsec Zimmermann fusion medium (Zimmermann &
Vienken, 1982)

3 2 DC pulses of 1.8–2 KV/cm2 for 15 µsec
each, 15 sec apart

0.3 M mannitol + 0.05 mM CaCl2 + 0.1 mM
MgSO4

4 An AC pulse of 2 V for 1 sec + 3 DC
pulses of 1 kV/cm for 15 µsec

0.28 M mannitol + 0.1 mM CaCl2 + 0.1 mM
MgSO4 + 5 mM Hepes + 0.1% BSA

5 Two DC pulses of 26 V for 17 µsec Zimmermann fusion medium (Zimmermann &
Vienken, 1982)

6 Two DC pulses of 2.1 kV/cm for 20 µsec
(1 sec apart)

0.3 M mannitol + 0.05 mM CaCl2 + 0.1 mM
MgSO4, 7 H2O + 0.5 mM Hepes + 0.05% fatty acid
free BSA
2 h cocultured with buffalo rat liver cells in
TCM199 + 10% FCS

7 An AC pulse of 4 V followed by a single
DC pulse of 3.36 kV/cm for 4 µsec

0.3 M D-mannitol + 0.05 mM CaCl2 + 0.1 mM
MgCl2 + 1 mg/mL polyvinyl alcohol Cultured in
Hepes-modified TCM199 + 20% FBS for 4 h



450   The Buffalo (Bubalus bubalis) - Production and Research Kumar Deb et al.

Reference Fusion protocol Fusion medium

8 Two DC pulses of 26 V for 17 µsec
donor-cytoplast couplets were checked for
successful fusion after 1 h of electric pulse

Zimmermann fusion medium

9 An AC pulse of 2 V for 1 sec + 3 DC
pulses of 1 kV/cm for 15 µsec

0.28 M mannitol + 0.1 mM CaCl2 + 0.1 mM
MgSO4 + 5 mM Hepes + 0.1% BSA

10 5 min equilibration in fusion medium
Two DC pulses of 1 kV/cm for 10 µsec
Fusion check after 1 h

250 mM sorbitol + 0.1 mM calcium acetate + 0.5
mM magnesium acetate + 0.5 mM Hepes + 0.1%
BBSA

11 One AC pulse of 3.3 V, 600 kHz for 15
sec
One DC pulse of 0.6 kV/cm for 30 μsec
followed by second DC pulse of 1.2
kV/cm for 30 μsec, 1 h after first pulse

0.3 M mannose, 0.1 mM MgSO4, and 1% (v/v)
serum

12 Two DC pulses of 1.4–1.6 kV/cm for 35
µsec

0.3 M mannitol + 0.05 mM CaCl2, 2 H2O + 0.1 mM
Mg Cl2 + 0.5 mM Hepes + 4 mg/mL fatty acid free
BSA

CD: cytochalasin D; CLH: cycloheximide; CB: cytochalasin B; 6-DMAP: 6-dimethylaminopurine; mSOFaacis:
modified synthetic oviductal fluid containing essential and nonessential amino acids, myoinositol, sodium
citrate, and 5% (v/v) cattle serum; mSOFaa: modified oviduct synthetic fluid with amino acids medium;K-
RVCL-50: Research Vitro Cleave medium (Cook® Australia, Queensland, Australia).
1: Parnpai et al. [41]; 2: Srirattana et al. [93]; 3: Pandey et al. [94]; 4: Shi et al. [3]; 5: Suteevun et al. [95]; 6:
Kitiyanant et al. [96]; 7: Shah et al. [61]; 8: Muenthaisong et al. [97]; 9: Huang et al. [87]; 10: Yang et al.
[98]; 11: Wadhwa et al. [83]; 12: Simon et al. [52].

2.7. Activation

Several artificial activation protocols have been developed in different laboratory
and farm animals to activate reconstructed oocytes with the aim of maximizing
developmental competence [45]. Activation protocols can be grouped into three
categories: 1) chemical treatment, 2) electrical stimulation, and 3) sperm-mediated
activation [45,  50,  51].  Ionomycin in  combination with  6-dimethylaminopurine
(6-DMAP) is routinely used in buffalo with few exceptions. Ethanol followed by
a combination of cytochalasin B or D and cycloheximide is also successfully used
in buffalo.

The  different  activation  protocols  for  buffalo  reconstructed  embryos  are
summarized  in  Table  6.  A  recent  study  found  that  embryo  developmental
competence was increased upon delayed activation after 3-4 h of fusion compared
to immediate activation following fusion [52].

(Table 5) contd.....
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Table 6. Protocol for activation of buffalo reconstructed oocytes.

Ref. Acceleration of intra cellular Ca++ Inhibition of MFP protein
Comment

Treatment Period Medium Treatment Period Medium

1 7% ethanol 5 min Hepes-modified
TCM199

1.25  µg/mL
CD  +  10
µg/mL  CYH

5 h mSOFaa

2 7% ethanol 5 min Hepes-modified
TCM199

1.25  µg/mL
CD  +  10
µg/mL  CYH

5 h mSOFaa

3 5 µM
ionomycin

10 min TCM199  +  10%
FBS

2.5  mM  6-
DMAP  +  10
ug/ml CYH +
7.5  µg/mL
CB

3.30 h TCM199  +  10%
FBS

4 5 µM
ionomycin

5 min TCM199  +  3%
ECS+60  ug/mL
penicillin  G  +  100
ug/mL streptomycin
sulphate

2  mM  6-
DMAP

3 h TCM199  +  3%
ECS  +  60  ug/mL
penicillin  G  +  100
µg/mL
streptomycin
sulphate

Activation
was done 3
h after
fusion

5 7% ethanol 5 min Hepes-modified
TCM199

1.25 µg/mL
CD + 10
µg/mL CYC

5 h mSOFaa + 3
mg/mL BSA

6 5 µM
ionomycin

5 min 2 mM 6-
DMAP

5 h

7 5 µM
calcimycin
A23187

5 min Hepes-modified
TCM199 + 20%
FBS

2 mM 6-
DMAP

4 h Hepes-modified
TCM199 + 20%
FBS

8 7% ethanol 5 min Emcare holding
medium

1.25 µg/mL
CD + 10
µg/mL CYC

5 h mSOFaa + 10%
FBS

9 5µM
ionomycin

5 min TCM199  +  3%
ECS+60  ug/mL
penicillin  G  +  100
ug/mL streptomycin
sulphate

2  mM  6-
DMAP

3 h TCM199  +  3%
ECS+60  ug/mL
penicillin  G  +  100
ug/mL
streptomycin
sulphate

Activation
was done 3
h after
fusion

10 5 µM
ionomycin

5 min TCM199 + 10%
FBS

2 mM 6-
DMAP

3–4 h TCM199 + 10%
FBS
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Ref. Acceleration of intra cellular Ca++ Inhibition of MFP protein
Comment

Treatment Period Medium Treatment Period Medium

11 10 µM
calcium
ionophore
A23187

1.5–5
min

Hepes-modified
TCM199  +  30
mg/mL Penicillin G
+  50  mg/mL
streptomycin  +  40
mg/mL  gentamycin

2 mM 6-
DMAP + 5
µg/mLCB

4 h Hepes-modified
TCM199  +  30
mg/mL  Penicillin
G  +  50  mg/mL
streptomycin  +  40
mg/mL gentamycin

Activation
was done 2
h after
fusion

12 5 µM
ionomycin

4 min SOFaa  +  1  mg/mL
fatty  acid  free
(FAF)  BSA  or
TCM199 + 2% FBS
or  G1+  1  mg/mL
FAF  BSA

2 mM 6-
DMAP

4 h SOFaa  +  30
mg/mL  FAF  BSA
or  G1+  30  mg/mL
FAF BSA

1: Parnpai et al. [41]; 2: Srirattana et al. [93]; 3: Pandey et al. [94]; 4: Shi et al. [3]; 5: Suteevun et al. [95]; 6:
Kitiyanant et al. [96]; 7: Shah et al. [61]; 8: Muenthaisong et al. [97]; 9: Huang et al. [87]; 10: Yang et al.
[98]; 11: Wadhwa et al. [83]; 12: Simon et al. [52].

2.8. In Vitro Culture

A number  of  base  culture  media  can  support  the  development  of  reconstructed
buffalo embryos in vitro. Base media commonly used for buffalo embryo culture
include TCM199, mSOF, CR1aa, KRVCL50 and G1/G2 (Table 6). These culture
media  generally  require  supplementation  to  support  high  embryo  development.
Serum (FCS, ECS), which is a complex undefined mixture of hormones, growth
factors, vitamins and numerous other identified or non-identified factors [45], and
BSA  are  routinely  added  to  the  IVC  medium.  Co-culture  of  reconstructed
embryos  with  buffalo  oviductal  epithelial  cells  improves  the  in  vitro  culture
system.  Parnpai  et  al.  [41]  showed  that  reconstructed  swamp  buffalo  embryos
cultured in mSOF alone (cell free system) gave lower blastocyst rates than those
co-cultured with bovine or buffalo oviductal epithelial cells. Furthermore, Simon
et  al.  [45]  showed  that  G1/G2,  a  commercially  available  sequential  medium,
increased  the  cleavage  of  cloned  embryos  compared  to  TCM-199 with  oviduct
epithelial cell co-culture and synthetic oviduct fluid. A representative photograph
of cloned hatched buffalo blastocyst is given in Fig. (6), followed by born cloned
buffalo calves (Fig. 7).

(Table 6) contd.....
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Fig. (6). Cloned swamp buffalo blastocyst. Photos from Parnpai, R (published data).

2.9. Hand-Made Cloning

The hand made cloning (HMC) technique is a simplified nuclear transfer process
that does not require micromanipulators. The HMC technique fuses an enucleated
matured  oocyte,  with  a  zona  removed  manually,  and  a  single  donor  nucleus  to
develop a  cloned embryo.  The method was developed following the  successful
activation/in vitro fertilization of zona-free oocytes and in vitro culture of zona-
removed embryos in different species (for review [53]). Tatham et al.  [54] first
produced cloned embryos by fusing zona-free enucleated oocytes and embryonic
cell  nuclei.  They  first  positioned  the  metaphase  II  spindle  for  enucleation  by
centrifugation. Subsequently, a Percoll density gradient-centrifugation of oocytes
deprived  of  the  zona  pellucida  was  performed.  This  produced  the  result  of
stretching the oocytes so that a cytoplast and metaphase II spindles were formed.
Finally, the enucleated cytoplasts were aggregated with blastomere to produced
cloned embryos. However, this method was unreliable and no calves were born
after the transfer of cloned embryos.
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Fig. (7). Cloned buffalo calves derived from fetal fibroblasts and granulosa cells. (A) Premature twin cloned
buffalo calves derived from fibroblasts of a fetus aborted on Day 300 of gestation. (B) Cloned buffalo calf
(CB1) derived from fetal  fibroblasts,  delivered by cesarean section on Day 343 of  gestation.  (C)  Cloned
buffalo calf (CB2) derived from granulosa cells, delivered on Day 349 of gestation. (D) Cloned calf CB2
showing rough hairs  on Day 14 after  birth.  (E)  Cloned buffalo calf  (CB3) derived from fetal  fibroblasts,
delivered on Day 338 of gestation. (F)  Cloned calf  CB3, still  alive.  Cited from Shi et al.  [3],  Biology of
Reproduction 2007, 77: 285–291.

An efficient and reliable reconstruction process was established by Peura et al.
[55],  consisting  in  the  fusion  of  two  enucleated  oocytes  to  one  blastomere.
Phytohaemagglutinin  is  used  to  glue  the  polar  body  to  the  oolemma,  and
thereafter  a  metal  blade  is  employed  to  manually  cut  in  half  the  zona-freed
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oocytes,  in  order  to  have  the  part  linked  to  the  polar  body  with  approximately
25% of the total volume of the oocyte. This fragment is meant to be discarded, so
that  the  remaining  cytoplast  presumptively  free  from the  chromatin  is  used  for
fusion with an embryonic blastomere. More recently, Oback et al. [56] produced a
live  calf  from  HMC  embryos  where  the  enucleation  of  zona-free  oocytes  was
performed with a simple blunt micropipette without bisectioning. The process of
bovine  HMC  with  chemically-assisted  enucleation  are  shown  in  Fig.  (8)  and
photographs  of  HMC  buffalo  embryos  are  given  in  Fig.  (9).

2.10. Benefits and Drawbacks of Handmade Cloning

HMC  is  a  more  efficient  and  economical  technique  than  the  traditional
micromanipulator-based  approach.  Live  cloned  offspring  was  delivered  by  this
technique in cattle [57], pig [58], horse [49], sheep [59] and goat [60]. Recently,
Shah  et  al.  reported  the  successful  pregnancy  establishment  of  cloned  buffalo
embryos  constructed  by  HMC  in  recipient  uterus  [61].  Vajta  et  al.  [53]
summarized  the  potential  advantages  and  limitations  of  HMC.

2.10.1. Advantages

Equipment: less expensive than micromanipulation-based cloning.1.
Procedure: simple, rapid, easy to learn and perform.2.
Efficiency: reduced time and workforce required, and lower investment needed3.
when  confronted  to  traditional  cloning.  Rates  of  transferable  embryos  per
oocyte are roughly similar, but in order to reconstruct one embryo, two oocytes
are required.
Embryo  cryopreservation:  both  in  cattle  and  pigs  healthy  offspring  has  been4.
produced.
Pregnancy and calving and/or farrowing rates: based on evidence and available5.
data,  such  rates  are  similar  to  those  produced  using  traditional  cloning
procedure  (micromanipulation).
Special  benefits:  automation  of  the  process  is  likely  to  be  achieved  in  the6.
future, in connection to the microchannel–microfluidics technology.
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Fig.  (8).  The  process  of  bovine  HMC  with  chemically-assisted  enucleation.  Ovaries  are  collected  from
slaughtered animals (i) and transported to the laboratory, and oocytes are aspirated from the visible 2–7 mm
diameter  follicles  (ii).  After  22  h  of  maturation,  cumulus  cells  are  removed  by  vortexing  (iii),  denuded
oocytes are incubated for a further 1 to 2 h in demecolcine (iv),  and the zonae pellucidae are digested by
pronase (v). Through the joint effect of demecolcine and pronase, an extrusion cone occurs on the surface,
which  serves  as  an  orientation  point  for  enucleation  by  hand  with  a  disposable  blade  (vi).  Karyoplasts
containing the chromatin are discarded, whereas cytoplasts are used as recipients (vii). Somatic cells, derived
from  another  cattle,  calf  or  fetus,  are  cultured  on  monolayers  (viii).  After  trypsinization,  these  cells  are
individually attached to cytoplasts that have been briefly submerged into phytohemagglutinin to make their
surface sticky, and then the pairs of cells are transferred to between the electrodes of a fusion chamber (ix).
After electrofusion, reconstructed embryos (x) are subjected to chemical activation (xi) and then cultured in
vitro  (xii)  for  one  week.  Emerging  blastocysts  (xiii)  are  transferred  into  recipients  to  produce  animals
(almost) identical to the somatic cell donor. (Cow cartoons drawn by Poul Maddox-Hyttel). Cited from Vajta
[53], Trends in Biotechnology 2007, 25, 250–253.

2.10.2. Limitations

Possibility  of  attachment  to  each  other  of  zona-free  oocytes,  cytoplasts  and1.
reconstructed  embryos,  and  consequent  loss  of  time  or,  occasionally,  of
products  in  the  course  of  the  mechanical  separation  process.
The  lack  of  zona  pellucida  in  the  HMC  embryos  may  allow  disease2.
transmission.
Some concerns may be generated by the resulting heteroplasmy, following use3.
of three different sources of mitochondria, although up to date, no drawbacks or
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misadvantages  with  regard  to  the  above  mentioned  heteroplasmy,  have  been
reported.
The need for two oocytes to produce a single cloned embryo may limit the use4.
of this technique in species where a limited number of oocytes are available for
manipulation.

Fig. (9). HMC buffalo embryos at different stages of development: (A) four-cell, (B) 16-cell, (C) compact
morula,  (D)  day  7  blastocyst,  (E)  group  of  blastocysts  showing  prominent  ICM  (arrow),  and  (F)  single
blastocyst after differential staining. ICM: inner cell mass and TE: trophectoderm cited from Shah et al. [99],
Cloning and Stem Cells 2008, 10: 435-442.
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3. INDUCED PLURIPOTENT STEM CELLS

The  induced  pluripotent  stem  cell  (iPS)  is  a  relatively  new  process  of
reprogramming adult somatic cells into pluripotent stem cells. IPS are the result of
genetic  reprogramming  of  adult  cells  into  an  embryonic  stem  cell-like  state,
characterized by the expression of genes and resulting factors needed to maintain
the properties that define any embryonic stem cells. Yamanaka and his team [16]
first reported the reprogramming of mouse embryonic and adult fibroblasts into
iPS  in  2006.  They  induced  the  expression  of  four  key  genes  (OCT3/4,  SOX2,
KLF4  and  c-MYC)  using  a  retroviral  system.  The  following  year,  they  also
reprogrammed  adult  human  dermal  fibroblasts  into  iPS  using  the  same  four
factors [62]. IPS cells are functionally equivalent to embryonic stem cells in terms
of their morphology, expression of pluripotent marker genes, telomerase activity
and ability to form teratomas [16,  62].  Moreover,  iPS cells  are able to develop
chimeras  in  mice  through  tetraploid  complementation  [17  -  19].  The  work  of
Yamanaka  and  his  team  was  confirmed  by  Thomson  and  colleagues  at  the
University of Wisconsin [63], who expressed OCT4, SOX2, NANOG and LIN28
using  a  lentiviral  system.  The  risks  of  retroviral  and  lentiviral  transfection
systems, which may trigger the expression of cancer-causing genes or oncogenes,
limit the use of iPS cells in humans [62, 64]. To avoid such risks, adult cells can
be  reprogrammed  using  adenovirus  [64]  or  plasmid  [65].  Adenovirus  does  not
recombine  any  of  its  own  genes  with  those  of  the  host.  The  efficiency  of
reprogramming  is low when  reprogramming is  accomplished via plasmid.  Page
et  al.  [66]  successfully  reprogrammed  adult  human  fibroblasts  into  stem  cells
without any genetic alteration of the adult cell. They showed that pluripotency can
be  induced  by  treating  repeatedly  the  cells  with  some  proteins  that  have  been
channeled into them via poly-arginine anchors. Protein-induced iPS in mouse was
also  reported  by  the  Sheng  Ding  group.  To  date,  there  are  no  reports  of  adult
buffalo  cell  reprogramming  into  iPS.  Once  established,  buffalo  somatic  cell-
derived iPS could be used as donor cells to clone buffalo or transgenic buffalo.

4. TRANSGENESIS

Transgenesis  is  the  alteration  of  animal  characteristics  through  the  direct
manipulation  of  the  genetic  makeup  of  an  individual.  A  transgenic  animal  is
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characterized  by  containing  within  its  genome  some  DNA  of  another  different
organism, introduced by means of laboratory manipulations [67]. The exogenous
gene  introduced  into  the  genome  of  the  transgenic  animal  is  known  as  the
transgene.  The  transgene  is  transmitted  to  offspring.  The  universality  of  the
genetic code allows the transgene to function in the transgenic animal, meaning
that  the  same  protein  will  be  specified  by  that  specific  DNA  sequence  in  any
organism.  A  number  of  taken  laboratory  actions  can  ease  the  process  of
transgenesis,  such  as  liposomes,  plasmid  vectors,  viral  vectors,  pronuclear
injection,  protoplast  fusion  and  ballistic  DNA  injection.  The  first  transgenic
mouse was produced in the early 1980s. Thereafter, extensive studies were carried
out on mice transgenesis. Three basic methods of inserting transgenes are widely
used in the production of transgenic animals, including pronuclear microinjection
[68],  retrovirus-mediated  gene  transfer  [69]  and  embryonic  stem  cell-mediated
gene transfer  [70].  However,  these methods are less  efficient  for  farm animals.
Since the production of  Polly,  the transgenic  sheep [8],  the SCNT technique is
commonly  used  for  the  production  of  transgenic  farm  animals.  Two  main
procedures  are  involved  in  the  production  of  transgenic  animals  by  SCNT:  i)
introducing DNA into somatic cells and then selecting the ones that have properly
incorporated the transgene, or ii) using transgenic donor cells within the cloning
process  to  produce  transgenic  embryos.  In  this  process,  cultured  cells  are
genetically  modified  in  vitro  by  liposomes  or  electroporation.  Thereafter,  a
modified  cell  is  inserted  into  an  enucleated  oocyte  and  fused  to  the  recipient
cytoplasm.  Transfection in  vitro  of  somatic  cells  (often  fibroblast  cells)  can be
achieved  by  using  different  procedures  such  as  use  of  liposomes  or
electroporation. Thereafter the same presumed transfected cells are screened for
gene targeting and then transferred into enucleated oocytes. Fusion of the couplets
is  then  accomplished  by  use  of  electric  pulses,  following  activation  and
subsequent  progression  of  in  vitro  or  in  vivo  development.  Finally,  developed
preimplantation  embryos  are  then  transferred  into  recipients  until  birth  of
offspring that will carry the mutations from the gene-targeted somatic cells [71].
Nuclear  transfer  technology  has  been  used  to  create  transgenic  animals  in  a
number of different species including sheep [8], goats [9], cows [13, 72], pigs [73]
and mice [74].
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4.1. Methods for Production of Transgenic Animals

4.1.1. Pronuclear Microinjection

In  this  method,  multiple  copies  of  the  gene  construct  (a  single  gene  or  a
combination of  genes)  are  directly  microinjected  into  the  male  pronucleus  of  a
fertilized egg.  The reconstructed eggs  are  cultured in  vitro  up  to  the  blastocyst
stage and then transferred into the uterus of recipient animals for development of
the  embryos.  This  process  allows  random  insertion  of  transgenes  into  the  host
genome. This method has been successfully applied in mouse, rats, rabbit, sheep,
pigs, cattle, birds and fish. However, transgene expression patterns and uncertain
gene transmission through the germ line preclude widespread application of this
technology [75].

4.1.2. Retrovirus-Mediated Gene Transfer

In this method, the transgene is inserted into the host genome using a carrier or
vector.  The most  widely used vectors  are  viruses  or  plasmids.  Retroviruses  are
commonly used in transgenic animal production for transferring target genes into
the host genome. This method produces chimera, which requires outbreeding to
obtain pure transgenic animals. Retrovirus mediated gene transfer were done in
mice and human fibroblast cells [76].

4.1.3. Embryonic Stem Cell-Mediated Gene Transfer

In this method, a stem cell line is established from the inner cell mass (ICM) of
blastocysts. Embryonic stem cells are transfected with the desired gene constructs
by homologous recombination and then inserted into  blastocyst  stage embryos.
The  blastocysts  develop  into  live  transgenic  animals  once  transferred  into  the
recipient  uterus.  The offspring are  chimera  and require  outbreeding to  obtain  a
pure  transgenic  line.  For  example,  transgenic  mice  carrying  neomycin
phosphotransferase gene were generated from embryonic stem cell derived from
blastocyst  injected  with  genetically  modified  cell  for  the  target  gene  [70].  The
main  feature  of  this  method  is  that  genetically  modified  cells  can  be  screened
before reintroducing the embryonic stem cells into the animals.
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4.2. Advantages of Scnt in Transgenic Animal Production

Bosch  et  al.  [77]  summarized  the  potential  advantages  of  SCNT  over  other
methods  of  transgenic  animal  production.

SCNT allows the production of transgenic animals with the desired sex. The1.
sex  of  the  animal  depends  on  the  source  of  the  donor  material  (i.e.,  male  or
female tissue).  The efficiency and effectiveness of  transgenesis  will  increase
dramatically if  we can produce animals with a desired sex.  For example,  the
production of a specific human protein in cow milk requires the production of
transgenic cows rather than bulls.
Many transgenic cells  that  can be later  frozen and stored for long periods of2.
time,  are  produced  starting  from  few  donor  cells.  As  a  result,  many  cloned
transgenic animals can be produced when SCNT is employed in conjunction to
the use of transgenic donor cells.
SCNT  allows  100%  accuracy  in  the  production  of  transgenic  animals.3.
Molecular technology and its various approaches such as PCR, Southern blot
analysis, Western blot analysis and Fluorescent in situ  Hybridization (FISH),
can  be  used  to  test  both  transgene  structure  and  expression,  prior  to  NT
procedure  and  embryo  transfer.
Variations among animals in levels of transgene expression are decreased when4.
SCNT is  employed.  In  addition,  whenever  a  clonal  population  of  transgenic
cells is used, the same transgene insertion site for each clone is guaranteed.
Transgenes can be inserted into animals with specific genetic background, like5.
a good dairy milk producer characterized by a level above average of protein
content,  could  be  used  and  considered  the  genetic  background  on  which  the
transgene is inserted.
SCNT  allows  both  random  and  targeted  insertion  of  DNA  by  homologous6.
recombination. Targeted insertion of DNA enables the modulation of specific
gene expression as well as the creation of gene knockouts.

4.3. Risk of Transgenic Animal Production

Van  Reenen  et  al.  [78]  reviewed  the  risk  factors  related  to  the  welfare  of
transgenic  animals.
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Possibility  to  loose  host  gene  function  (insertional  mutation)  whenever  a1.
transgene is integrated within an endogenous gene.
Inappropriate transgene expression.2.
Actions of foreign biologically active proteins, derived from inserted transgene,3.
to the host organism.
Larger  incidence  of  altered  and  abnormal  aspects  related  to  parturition4.
(difficulty),  embryo  and  fetal  development  (losses  and  abortions),  birth  of
debilitated  offspring  or  carrying  anatomical  defects  (Large  Offspring
Syndrome), when newly developed reproductive technologies are applied and
employed with the aim of producing transgenic farm animals.

4.4. Application of Transgenesis

4.4.1. Medicine

4.4.1.1. Gene Therapy

Success of transgenic animal production has enabled researchers to correct genetic
diseases of human and animals. A defective gene can be replaced by inserting a
normal functional copy of the same gene into the genome carrying the defective
gene.  For  example,  the  A.  I.  Virtanen  Institute  in  Finland  produced  transgenic
cattle having the gene coding for the erythropoietin that promote the growth of red
cells in humans [79].

4.4.1.2. Xenotransplantation

Transgenic technology can be used to develop animals carrying human organs, for
example heart, liver or kidney. Transgenic pigs are considered to be a good source
of transplant organs. However, the problem of donor rejection caused by a protein
needs to be solved.

4.4.1.3. Pharmaceuticals

Animals  can  be  used  as  bioreactors  to  produce  proteins.  Genes  for  desired
proteins are introduced via  transgenesis to target cells.  For example, transgenic
cows and goats produce the recombinant human protein AT III, which prevents
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blood clotting, in their milk.

4.4.2. Agricultural

4.4.2.1. Breeding

The gene for a desired character can be transferred into the genome of an animal
to achieve higher productivity. Transgenesis can allow the rapid improvement of
farm  animals  compared  to  conventional  selective  breeding,  which  has  been
practiced  for  hundreds  of  years.  The  scope  of  transgenesis  in  animal  breeding
includes  the  following:  faster  growth  rate,  high  milk  yield,  improved  food-
conversion rates; increased muscle mass; improved wool quality; and improved
nutritional quality or appeal (reviewed by [80]).

4.4.2.2. Disease Resistance

The  development  of  farm  animals  capable  of  resisting  disease  outbreaks  or
preventing disease spread will increase return rates in animal farming. Every year,
large numbers of farm animals die in disease outbreak or are sacrificed to control
outbreak;  for  example,  in  2010,  thousands of  cattle  and pigs  were  killed in  the
Republic of Korea to prevent foot and mouth disease. Therefore, transgenesis may
be used to produce animals resistant to common diseases, such as mastitis [81].
However, the challenge is that most agriculturally relevant traits are complex and
controlled by more than one gene [82].

4.4.2.3. Quality

Human beings are becoming more concerned about the quality of foods of animal
origin. For example, the demand for low fat milk, lean meat, cholesterol free milk,
and  eggs  with  high  quality  protein  is  increasing.  Transgenesis  can  allow  the
satisfaction  of  consumer  demands  by  genetically  modifying  farm  animals.

4.4.3. Industrial

Transgenesis  may  be  used  for  the  production  of  industrial  products  for  human
wellbeing.  For  example,  Nexia  Biotechnologies  of  Canada  developed  a  high-
strength  based  fiber  material  made  of  the  recombinant  spider  silk-like  protein
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MaSpI  or  MaSpII,  which  was  extracted  from  the  milk  of  transgenic  goats
(biosteel). The technique may provide light weight, strong and versatile materials
for a variety of medical and industrial applications, including bullet proof vests
and in suture silk for stitching wounds.

4.5. Transgenesis in Buffalo

The first transgenic cloned buffalo embryos were produced in 2009 by the transfer
of buffalo oviductal epithelial cell (BOEC) nuclei transfected with enhanced green
fluorescent  protein  (EGFP)  into  enucleated  oocytes  [83].  The  EGFP  transgene
was  inserted  into  the  BOEC genome through  electroporation.  Embryonic  germ
cells  were  derived  from  primordial  germ  cells  isolated  from  fetuses  [84].
Embryonic  stem  (ES)  cell  lines  derived  from  the  inner  cell  mass  (ICM)  of
blastocysts  were  reported  in  buffalo  [85  -  88].  Both  of  these  cell  lines  are
pluripotent  in  nature,  maintain  an  undifferentiated  state  in  culture,  can
differentiate into various types of cells [89, 90], and contribute to different tissues
of healthy chimeric animals born after blastocyst injection or morula aggregation
[91,  92].  Recently,  Huang  et  al.  [87]  showed  that  transgenic  cloned  buffalo
chimera  could  be  produced  by  transferring  embryonic  germ  (EG)-like  cells
expressing  the  green  fluorescent  protein  gene  into  in  vitro-derived  buffalo
blastocysts.  In  this  study,  the  embryonic  germ-like  cell  was  transfected  with
plasmid (pCE-EGFP-IRES-NeodNdB) using LipofectamineTM2000. They injected
ten to fifteen EGFP-positives, EG-like cells into the perivitelline space of embryos
at the 8- to 16-cell stage. The reconstructed embryos were then cultured in vitro
until the blastocyst stage. However, they did not transfer these embryos into any
recipient  animals.  These  developments  suggest  that  transgenesis  may  be
achievable  in  buffalo.

CONCLUSION

The  number  of  usable  immature  oocytes  available  per  ovary  is  limiting  the
application of reproductive biotechnology tools in the buffalo species. Different
oocyte aspiration methods, in vitro oocyte maturation protocols, enucleation and
nuclear  transfer  protocols  and in  vitro  embryo culture  system were adapted for
production  of  buffalo  cloned  offspring.  The  SCNT  are  also  being  used  for
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transgenic  buffalo  production.  However,  the  success  remained up to  transgenic
blastocyst development. Further development in the cloning and transgenesis in
buffalo species is important for exploiting beneficial use of SCNT in the fields of
medicine, agriculture and industry.
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