
I 

Changing Role of the Buffalo 
in the New Millennium in Asia 



Changing Role of the Buffalo in the New Millennium 
in Asia 

Proceedings of the Third Asian Buffalo Congress of the Asian Buffalo 
Association 

Orgarlized by the 
Sri Lanka Veterinary Association 

In collaboration with the 
Ministry of Livestock Development and Estate Infrastructure 
Sri Lanka Association of Animal Production 
Department of Animal Production and Health 
National Science Foundation 
University of Peradeniya 

Printed und Published by 

Nutiolzal Science Foundation, 
4715, Maitland Place, 
Colonlbo 07 
Sri Lanka 

Tel: 01 696771-3 
Fax: 01691691 
E-mail: dir@nsf.ac.lk 
Internet homepage: h t t p : / / / ~ i ~ ) ~ ) .  nsf ac. lk 



Changing Role of the Buffalo in the New 
Millennium in Asia 

Proceedings of the Third Asian Buffalo Congress 

27-31 March, 2000 
Kandy, Sri Lanka 

Edited by 

J.A. de S. Siriwardene 
D.H.P . Subasinghe 
N.U. Horadag~da 

Y. P beygunawardena 

National Science Foundation, 
Colombo, Sri Lanka 



Library of C~ngress Cataloging -in-Publication Data 

Third Asian Bufflalo Congress on the Changing Role of the 
Buffalo in the New Millennium in Asia 
2000, Kandy, Sri Lanka 

1. Buffalo - Asian Congress 2. Research and Development in Buffalo 
3. Buffalo in the New M~llennium I. Siriwardene, J.A de S. 
II. Subasingha, D.H.A. Ill. Horadagoda, N.U. IV. Abeygunawardena, K. 

Proceedings of the Third Asian Buffalo Congress on the Changing Role of the 
Buffalo in the New Millennium in Asia, held 27 - 3 1 March 2000 
Kmdy, SI-i Lanka 

O 2000 NSF Press 
4715 Maitland Place 
Colombo 07 
Sri Lanka 

ISBN 955-8485-00-4 

No part of this book may be reproduced, stored in a retrieval system, or transmitted in any 
form by any mean, electronic, mechanical, photocopying, microfilming, recording, or 
otherwise, without written permission from the ?ublishers. 

Printed in Sri Lanka 



PREFACE 

In the relatively short period of six years that the Asian i3uffalo Association has been in existence, 
it is indeed creditable for the Association to hold its Third Congress in this part of the developing 
world where rewurces for the conduct of international meetings of this nature are scarce. The first 
Congress was held in Thailand in 1994 and the second took place in the Philippines in 1996. It 
was at this meeting that the decision was made to hold the Third Congress in Sri Lanka. The Sri 
Lanka Veterinary Association (SLVA) gladly accspted the invitation by the Asian Buffalo 
Association {ABA) to host and organise the mee4ing on behalf of the ABA. Indeed, the SLVA 
was ably supported in this endeavour 3y meny other organisations and institutions, sucn as the Sri 
Lanka Association for An~mal "roduction, Ministry of Livestock Development and Estate 
Infrastructure, Department of Animal "roduction and Health, National 3cieqce ?oundation and 
.he LJniversity of Peradeniya. 

TLe main object~ves of the Third Congrzss wsre ( 1 )  to review the pressrt '(nowledge on water 
buf'alo production in Asian, South America and the Mediterranean regiors, <2) to examine the 
changing role of the water buffalo in Asian farming systems and prospects for :he future and (3) 
to examine the scope for the more efficiellt utilisation of the buffalc in the cortext of the changing 
needs and socio-econom.c co~dltions 

The Congress was attended by 2 1 foreigr participants representing most cf tr 2 counAries in Asia 
as well as some European countries, ahere buffalo farming is a uopuiar :;vestock enterprise. A 
large proportion of the participants (126) were from Sri Lanlca a ~ d  :ncli?ded animal scientists, 
policy makers, farm managers, administrators and veterinarians. 

The scientific papers included in these Proceedings are arranged under the relevant subject 
headings of the Plenary Sessions and Symposia. Papers presented at the Plenary Sessions deal 
with broad issues related to the buffalo industry, wbile those presented at the Symposia deal with 
specific disciplines/subject areas. F.eynote addresses by eminent researchers preceded the 
scientific presenta'.ions at the symposia, which highlighted the recent advances w:thin the subject 
aree or discipline. The discussions at plenary sessions and symposia are succinctl;/ presented in 
order to provide t'le reader 7 somplete recording of the events of the Congress. 

The rinal sestion of the i'roceedings contains the Conclusions and Recommendations. These 1: 
essence is a distillation of the major issues ihrt participants agreed should be addressed by 
worldlregional organisations and/or respective governments in the formallation of research a116 
development strategies to enhance the efficiencj of utilisation of the national resources to increase 
buffalo production in the Asian region. 

A field excursion and a workshop were i~xluded in the Congress programme to provide an 
opportunity for greater interaction and fellowship Petween participants. Tne overseas guests were 
provided an opportunity to visit buffalo farms, This was followed by a guided tour to the famous 
rock fortress at Sigirya. The local participants attended a workshop eway from the Congress 
venue at Kandalama. The workshop provided a forum for some of the overseas and Sri Lankan 
scientists to focus on topics in buffalo farming which hac direct relevance to the day-to-day work 
of local participants. 

An author index is incl~ded to help readers to have easy access to the material. In conformity with 
the standard fomat  of Congress proceedings, a comple,e list of participants and addresses is also 
provided. 

On behaX of the Organising Committee, we wish to  than^ the ~ s i a n  Buffalo Association, 
Ministry of Livestock Development and Estate Infrastructure, Sri Lanka Association of Animal 
Production, Department of Animal Producti~n and Yealth, National Science aoundation of Sri 



Lanka and the University of Peradeniya, for their support in organising the Congress. We thank 
the invited speakers, both local and foreign, for sharing their experiences and expertise at the 
Congress. A cursory glance through the contents will provide the reader a glimpse of the diversity 
of papers presented at the Congress 

We also thank Agro-Enterprises Limited (AgEnt) for sponsoring the field tour and the workshop 
and Kiriya Milk Industries Ltd for providing media publicity to the Congress. Finally, we wish to 
express our sincere gratitude to Ms. Ayesha Banadara and Janaka Herath for their commitment 
and dedication in attending to the arduous task of typesetting the manuscripts and preparing the 
final document for printing. We thank the National Science Foundation of Sri Lanka for 
undertaking the publication of these Proceedings. 

J. A. de S. Siriwardene 
D. H. A. Subasinghe 
N. U. Horadagoda 
H. Abeygunawardena 

October, 2000 
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Welcome Address by Dr. N.U. Horadagoda 

Chu~rman, Grganrzzng C'ommrttee und Prc,lder?t Srz I,unk~ Veterznury P~soczatlo,. 

Honorable Minister A.  Tliondanian, Dr. P. Ramanujam, Professor Leslie Sunawardana, Dr. 
Kapila Dahanayake, Dr. L. Cruz, distinguished keynote speakers, guests, pa~ticipants, ladies and 
gentlemen. 

On behalf of the Organising Coininittee and the Sri Lanka Veterinary Association. ii is indeed a 
great privilege and pleasure to welcolne you niost cordially to the inauguration of the Third Asian 
Luffalo Congress. Minister Sir, we are indeed happy that you have decided to be here despite a 
vsry busy schedule of activities. Y o ~ r  presencz signifies your commitment to the livestock 
indust~y and its iniprovement. Dr. Rarnanu.jarri, we have in you a person deeply interested il-. 

research and always preparcd to give a hearing to new ideas and innovations that would increase 
livestock production. Your participation is a source of strerigth to the organisers. Your presence 
Profesz~r  Leslie Gunawardana, is an encouragement to many of us who are attached to the 
IJnivel-sity of Peradeniya where the buffalo is a subject of research in several faculties. The 
associ;ition between National Scicnce Foundation and tlie buffalo research programme is indeed a 
very l (v~g  one and your presence Dr. Kapila Dalianayako epitomizes that cordiality and bonding 
we hati over the last several years. Dr. Cruz, ['resident of the Asian Buffalo Association, I warmly 
welcome you to our midst and your presence is indeed a great sorirce of sntisftlction to the 
organisers of the Congress. I welcome all the foreign and local speakers who have spared Ilieir 
time from their busy schedules to share their knowledge and experiences with the participants at 
this Congress. A warm welcome is also extended to all guests who have joined us here at the 
inaugur?!ion of this Congress. 

. consider it relevant to trace tl?? history of buff'alo research in Sri I,anka, at least it-. brief. The 
buffalo was indeed a neglected aomestic ariirnal in the Sri 1,ankan research agenda, despite its 
contri1,ution to the rural econom; atid ability to thrive relatively well under harsh envi-onmental 
conditions. Iiesearchers found it  e.;tr~me:y difficult to find the fur~ds to carry out investigations to 
furtlie~. improve its utilization, but I!-.: situation changed in the late 1970s when several 
international funding agencies shox~ed interest in the research and developmen! activities related 
to the buffalo. Pmong the Inally donors. special mention must be made of the Fnancial support 
provided by the Swedish Agency for Research Cooperation with Developing Countries (SAREC) 
now referrea to as Sida. The funding was extended over three phases over a period 3f 20 years 
and was channelled through the National Science Foundation. The first two phases afforded an 
excellent opportunity for research, par!icularly through a multi-disciplinary approach in research. 
It also provided funding for t'le developmcnt of management packages to suit the needs of the 
changing livsstock practices in the country. The third phase, which concluded last year was aimed 
at +he dissemination of information to tbe farming community, extension workers and to others 
engaged in livestock production and health activities. 

The buffalo research programme was act1 ~ e l y  supported by governmental and non-governmental 
organisations responsibls for livestock production in Sri Lanka. In this context, a pivotal role was 
played by the inst~tutions under the Ministry of Livestock Development and Estate Infrastructure, 
the D':partment of Anima; production and Health (DAPH), the Veterinary Research Institute 
(VRI), the National Livestock Development Board (NLDB) to name a few. The Universities, 
particularly the University of Peradeniya made a significant contribution towards the success of 
the buffalo research programme in Sri Lanka. Indeed the funding from tlie research programme 
helped the development o r  the infrastructure of the organizations collaborating with the project. I 
believe, that it is in recognition of the output by the scientists and the commitment of the 
goverqment to develop ~ u f f a l o  production, that the Asian Buffalo Association afforded the 
opportunity to Sri LanEa t9 host the Third P-sian Buffalo Congress. 



In conclusion, I hope that the Congress will provide an ideal opportunity for exchange of iaeas, 
updating of knowledge as well as for social interaction and fellowship. I also hope the Congress 
will be ab19 to fake stock of the current trends, developments and research in buffalo farming and 
make recommendations that will direct the future planning for the further utilization of the buffalo 
in the Asian region. I wish to thank you all for the patient hearing and wish our guests, especial~y 
those from overseas and those outside this city a very pleasant and memorable stay in Kandy. 



Address by Dr. L. Cruz 

President, Asian Buflalo Association, Manila, Philippines 

I-Ion. Mr. Thondaman, Dr. Ramanujarr., Secretary, Ministry of Livestock Development, Prof. 
Leslie Gunawardena, Vice-chancellor, University of Peradeniya, ?ref. Kapila Dahanayake, 
Chairman, National Science Foundation, 9 r .  l4ei; Horadagoda, Chairman of the Congress 
Organising Committee, Dr. H. Abeygunawardena, 20-Chairman of  the Organising Committee, 
D-. J.A. de S. Siriwardene, Congress Coordinator, Dr. D.H.P. Subasinghe Congress Co- 
coordinator, the rrsny scientists and 12di9s and gentlemen, a very good morning to everyone. 

S n  beha;f of the Asian Buffalo /,ssociation, I would like to express our gratitude to the 
Organ~s i -~g  Committee of the Congress and the important hosts, the Sri 1,anka Veterinary 
/issoclation and the Sri Lanka Association of Animal Production. I feel overwhelmed by the 
preparation that has been made nq the Organising Committee and the effort and time put in by tire 
Organ~sing Committee during thc past year. The decision to hold the Third Asian Buffalo 
Congress in Sri 1,anka was a very good decision. 

The Asian Buffalo Association (ABA) was established in 1994, after the establishment of the 
international Buffalo Federation, which supposedly gathers all scientists from around the world. 
One of the founding fathers of the ABA was Prof. A. Alexiev, who is right here today. In 1994, 
the f,sian group recognizing that 36 percent of the buffaloes are in Asia and that most of the 
genetic matorial f9r the developrrent of the buffalo is to be found in Asia, decided to form the 
Asian Buffalo Association. Th,e first Asian Buffalo Congress was held in Thailand in 1994, 
followed by ine second Songress in  Manila, Philippines in 1996. I t  was on that occasion that it 
was decided to hold the third Congress in Sri 1,anka. 

'The ABA's main objective is to put together a mechanism by wnich the scientists in the Asian 
region can in eract and share information and knowledge among themselves and make a definite 
dec'sion on how to utilize this irr?orta?t animal resource in this region. 

We recognise the differences in t!le buffalo production systems in Ask ,  which is poor fairner 
based, as against the emerging pl.oduction systems in the other parts of the world, such as the 
South America. For this rezsor-, the Asian sci~ntists believe that we must put Logelhe1 our efforts 
and steer the development of the poor farming sector. 

Finally, I want to express again my deep appreciation to the 3rganising Comm:tlee for organiskg 
this very wonderful auffalo Zong~ess.  



Address by Dr. P. Ramanujam 

Secretary, idinistry of Livestock Development and Estate I-2Ji.astructure 

Won. Minister of Livestock Jevelopment, President of the Sri Lanka Veterinary Association, 
President of the Asian Buffalo Association, Vice Chancellor of the University of Peradeniya, 
Chairman of the National Science Foundation, distinguished foreign and local delegates. It gives 
me great pleasure on behalf of the Miinistry of Livestock Development and Estate -nfrastructure to 
be able to co-sponsor the Third Asian Buffalo Congress. As the Chairman of the Orgaqising 
Committee meqtioned, the buffalo has been considered a neglected animal in respect of scientific 
attention. However, recently the ~uffa lo  has been subjected to intense focus by research scientists 
in the Asian region, especially during the last two decades. Thus the situation has changed, both 
in 2ri Lanka as well as in the n~ighbouring countries, with the flurry of research In a nurrber sf 
agencies and countries. In Sri Lanka the IAEA and SAREC have provided funds generously for 
research on the indigenous buffalo. Today's meeting is an important occasion, where scientists 
from sevsral countries and experts both local and foreign have gathered to discuss issues 
pertaining to the degelopment of this animal. The buffalo is an important animal in the tropical 
countries. 

I am informed that of the world population of 130 million, 124 million, almost 95% are four< in 
Asia. Half of this population, about 64 million is found in India. Pakistan also has about 12 
million. In India, which is the World's No. 2 milk producer, about 50% of the milk come from the 
buffalo. The situation is the same in Pakistan and Bangladesh. So the buffalo is an important 
animal is South Asia as well as in South East Asian countries. Pakistan, Bangladesh, Thailand, 
Indonesia, the Philippi~~cs, Burma, Vietnam and Laos, etc. are countries having large populations 
of buffaloes. Sri Lanka comparatively has a very small population of 727,700 buffaloes that is 
spread around most parts of the country, associated with activities connected with paddy 
cultivation. Like in other countries, the buffalo in Sri Lanka is used for draught, milk, meat and 
other purposes, in addition to their value in providing manure, skins etc. The advent of 
mechanisation in agriculture has pushed the buffalo to a comer, as regards its use as a draught 
animal. But the largest interest is in the use of the buffalo for milk. The buffalo is an extremely 
valuable animal to the country. These are owned predominantly by small scale farmers and 
therefore it is important to use the buffalo for income generation by developing the animal for 
weat aqd milk production. The situation I presume is the same in all the countries represented 
here. 

Since India and Pakistan have the largest flopulation of buffaloes, these countries have developed 
as tne leading countries in buffalo breeding and research and development. Due to this, a number 
of daily buffalo breeds such as the Murrah, Surti, Nili Ravi and some other such breeds that I 
have heard of, are available in t'lese countries. Artificial breeding is extensively practised in these 
countries, while in Sri Lanka :t is yet to be realised. The average milk production has been 
increasing annually in these countries. We therefore have much to learn from these countries. 

In this regard, this is an ideal opportunity to learn from each other and exchange information. 1 am 
sure, this opportunity will be utilised to tbe maximum by the delegates and participants. -bough I 
am not a livestock man, I am aware of the regress of the buffalo industry in the world as well as 
in Sri Lanka. I have also met researchers tint scientists who have been working in this field for a 
long time. Today, I presume I will meet .nor? such efperts from all over the world. 

have heard that a regional data bank !?as  bee^ established in Thailand. In Sri Lanka too ; am 
proud to note that a r,onsidprable amount of spientific research has been done with respect +o this 
animal. Yet, the buffalo in Sri Lanka literally has remained a buffalo. What I mean, is that the 
Senefits of research have not gore to the field to make an impact. Sri Lanka has a v e y  small 
population of river type buffaloes. The population of crossbreds too is hardly noticeable, there 



being over 90% of the indigenous swamp type. Of the estimated 342 million litres of milk 
produced in 1998 in Sri Lanka, 85 million, about 24% came from the buffalo. However, the 
amount of buffalo milk reaching the formal market is rather low, indicating that the bulk of the 
buffalo milk goes into the production of milk products, predominantly curd, which is a popular 
local milk product. 

My Ministry will be very much interested in the recommendations of the Congress. While you 
discuss general issues on the development of the buffalo as an economic animal, I hope you will 
make country specific recommendations as well. I am happy to see the buffalo development 
project wirh assistance of the National Science Foundation has joined hands with the SLVA and 
the Minist~y to host this regional Congress in Sri Lanka. I am aware that it is not easy to organise 
an international meeting of this nature. It needs a considerable amount of planning, devotion and 
hard work Therefore I wish to express my sincere appreciation to the relevant officers who have 
rallied together to organise this important event. 

To the foreign guests, resource persons and participants, I wish to extend a warm welcome to Sri 
Lanka. Sri Lanka has a lot to offer, having a reputed traditional rich culture, warm hospitality and 
scenic beauty. 1 trust that the project staff and organisers have made some effort to show you a 
glimpse of the scenic beauty and some of the historic sites. You are now staying in Kandy, the hill 
capital of Sri Lanka. Y.andy is a vely picturesque place and it is worth while having a look around 
during the next 3 days. : am sure that the project will take care of you and give you a taste of Sri 
Lankan hospitality. 1 am sure that all of you, when you go back home will carry back not only the 
knowledge about the buffalo, but also a taste of Sri Lankan beauty, culture and hospitality I wish 
all of you a pleasant stay in !Candy. 



Address by Dr. K. Dahanayake 

Chairman, National Science Foundation, Colombo 

Hon. A .  Thondaman, Mirister of Livestock Development and Estate Infrastruct~re, Prof. Leslie 
Gunawardena, Vice C$ancellor, University of Peradeniya, Dr. P. Ramanujam, Secretary of the 
Ministry of Livestock Development and Estate Infrastructure, Dr. Neil Horadagoda, Chairman, 
Congress Organising Committee, Dr. Cruz, President of the Asian Buffalo Association, invitees, 
foreign delegates, ladies and gentlemen. 

As chairlnan of the National Science foundation, which is the successor of the former Natural 
Resources, Energy and Science Authority of Sri Lanka, I am pleased to be associated with the 
Third Asian Buffalo Congress. This Congress can be considered as the crowning momevt of 
nearly 20 years of research efforts by Sri Lankan scientists on the buffalo, an animal that can 
survive under very harsh environmental conditions and poor feeds. This is an animal that provides 
livelihood to hundreds and thousands of peasants and rural farmers in Sri Lanka and the Asian 
region. 

Ladies and Gentlemen, in the mid-1970's SAREC, the Swedish Agency for Research Cooperation 
with 3eveloping Countries indicated an interest to support a research programme on the buffalo. 
In 198C, a workshop was held, to which SAREC invited interested scientists from various 
institutions in 3ri Lanka. As an outcome of this workshop, a multi-disciplinary research project 
was initiated in 1983, iargely supported by SAREC, with NAKESA functioning as the local 
coordinator and administrator. During the past two decades, leading local veterinarians had been 
at the helm of the acivities of the buffalo research and development project, namely Dr. B.M.A.0 
Perera, Dr. J.A. de S. Siriwardene, Dr. S.S.E. Ranawana and presently Dr. H. Abeygunawardena 
of the Faculty of Veterinary Medicine and Animal Science. 

The National Science Foundation is proud :o note that since the initiation of the p7ojsct in 1983, 
23 publications have resulted from the r e ~ ~ a r c h  work conducted by the project. These provide 
information on the physiology, nutrition, reproduction and management of the buffalo. The 
benefits of these research activities have reached the farmers, the extension workers, Veterinary 
undergraduates and post-graduate scientists. For the farmers, several leaflets have been produced 
and also a training manual for extension workers. In addition, a Handbook for Veterinarians and 
also a four-volume publication was undertaken by the National Science Foundation and already 
+he volume on Heath has been p~blished and is available. I understand that a basket of 
technologies is now available to farmers who are the end-users of the research. These farmers car. 
select new and appropriate technologies that will suit their needs. These relate to all asphnrts of 
feeding, management, reproduction and health. 

On behalf of the National Science Uoundation, 1 congratulate the research scientists for their 
research achievements and technological developments through the research and development 
project over the last two decades. :t is gratifying to note that the end-user has benefited from this 
research and I aw sure that today's Congress will deliberate on these findings and this will 
provide an occasion for the exchange of information among the scientists af the region. The 
deliberations of this Congress will, I am sure help to popularise buffalo rearing and eventually 
lead to the improvement of animal proGuction and health and thereby improve the lot of the rural 
farmer not only in Sri Lanka but also in all parts of the Asian region. I take this opportunity to 
thank the Asian Buffalo Association for selecting Sri Lanka as the vsnue of this Congress. This 
will give an opportunity to highlight the advances in research and generate a useful exchmge of 
ideas. Finally, I thank the orgz-ising Co~rni t tee  for inviting me to address this important 
congress and I wish the congress all success. Thank you. 



Address by Professor R.L.H. Gunawardana 

Vice-Zhancellor, University o/Peradeniya, Peradenij)a. 

Mr. Chairman, Hon. A. Thondaman, Minister of Livestock Development and Estate 
Infrastructure, Dr. Ramanujam, Secretary, Ministry of Livestock Development and Estate 
Infrastructure, Dr. Kapila Dahanayake, Chairman, National Science Foundation, Distinguished 
Guests, Ladies and Gentlemen, I wish you a Very Good Morning ! 

; am extremely thanq:ful to the organizers of this important Congress for inviting me to speak +o 
you at this inaugural ceremony. There are several reasons why I am pleased to be here with you 
today. A revie.$ of the progress that has been made in the South Asian region during the past 
tl-,;ee decades or so would generally yield considerable satisfaction over what has been achieved. 
However, such a review would also reveal that there are certain areas that are yet stagnant, and are 
marked by a striking lack of dynamism. I refer in particular to peasant production and some of the 
significant prob1e.n~ confronting our future plans for development in the rural sector lie there. 
';his is one of the main reasons why this Congress and the res~ ' t s  of research work to be presented 
by th: scientis's who are here will be of immense importance and relevance. 

vour work is related to improvement of productivity, improvement of family incomes and the 
improvement of the living conditions of one of the most vital sections of the population which 
includes within itself a large segment of the poorest of the poor. These are people who do not see 
ve;j nuch hope despite the noteworthy economic development that is taking place. I have always 
jelieved that centres of excellence in research, while striving to reach the highest levels and 
standards of research, shoula also make a deliberate attempt to focus on the probletns of the 
poverty-ridden areas in Asia. I have also said on several occasions that these are not the 
responsibiiities only of the scientists living in those particular countries. The alleviation of 
poverty necessitates and calls for a truly global effort. '-here is a tremendous need to realise that 
research efforts by scientists in 'his regard should be joint efforts that span across geographical, 
political and culti~ral boundaries. Scientists have to necessarily pool their information from 
different territorial units and work together as teams. I think this highlights one of the features of 
this Congress, which I greatly admire. As Dr. Ramanujam pointed out, even though the problem 
of improving the productivity of the buffalo could be thought of as an Asian problem, it is not 
only the Asian scientists who should be working on this important problem. As would be 
ex?ected, scientists in India and Sri Lanka, which are countries where the bufhlo population is 
extremely important to their economies, have been working together with colleagues in Southeast 
Asian lands, such as Thailand, Philippines and Vietnam, which also have significant numbers of 
buffaloes, in order to form linkages and to exchange ideas on this important problem. It is 
particularly gratifying to note that the meeting being inaugurated today also represents a 
combination of research efforts of two countries in Europe, navely Jtaly and Bulgaria. 

As the Vice-Chancellor of the University of Peradeniya, I -wish to bring to your notice that our 
University has been quite interested in the recent past i7 ex te rd i~g  its academic links. I am 
particu'awly happy to note that the University of Peradeniya is z. .-es~arch centre, where quite a few 
scientists are focusing on problems related to the improvement of productivity of the buffalo. 
They are working together with scientists affiliated to diverse organizations within this county, 
while being funced by donor organizations within and outside this country. This Congress gives 
them an opportunity to extend their intellectual links. This is something that I am sure would help 
cross-fertilization in research and contribute to further improve the quality of their work. The 
University of Peradeniya will be happy to continue and foster such collaborativ.: effqrts. 

The third point I hope to emphasize is that the buffalo has been known for a very 10.1g time in the 
history of South and Southeast Asia. In fact, the buffalo figures prominertly in some ancient 
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Address by Hon. A. Thondaman 

Minister of L;~'estock Development and Estate InJi.astruct;.:e 

President, Sri Lanka Veterinary Association, President, Asian Buffalo Associatior, I/ice 
Chancellor, University of ?eradeniya, Chairman, National Science Foundation, foreign and local 
participant, Ladies and gentlemen. 

Let me Srst a: all thank the Organising Committee and the President of the Sri Lanka Veterinary 
Association for inviting me here as Chief Guest to the opening of the 'Third Asian Buffalo 
congress. I am made to understand that most of the countries in the regions are represented here 
by scien ists who have performed valuable research in various aspects of this important animal, 
the water buffalo. In addition, scientists from other countries too have also come to exchange 
information they have generated in the recent past. I trust that this Congress will be a fruitful one 
and will achieve all the goals and objectives planned by the organising committee. 'The water 
buffalo was recognized officially when a Swedish scientist called it Bubalus bbubalis. Since then 
the buffalo has been existing in the world. Asia has 95% of the world buffalo population. I am 
also aware that in countries of the South Asian region, the buffalo is extensively used for milk 
production. Though the buffalo is named as a triple purpose animal, in the Asian countries, the 
animal is actually a multipurpose animal. It is used not only for draught, milk and meat, but also 
for various other activities. Thus the buffalo has become an economically extremely important 
and valuable animal in Sri Lanka. In Sri Lanka, the buffalo has been used extensively for paddy 
cultivation. That is the reason why the highest population is found in places like Kurunegala, 
Ampata, Batticaloa, etc. This is why the animal cannot be seen in the hill country plantation areas 
and in the northern peninsula. Evidence from the earlier period of hydraulic ~ivilization in tke dry 
zone of Sri Lanka indicates the economic and social significance of cattle and buffaloes and their 
by-products. Though the buffalo is still used extensively for the preparation of paddy fields and 
activities related to paddy harvesting., in Sri Lanka, certain pockets of milk production have 
developed in certain parts of Ruhuna, the East and Wayamba. Buffalo milk production is a 
lucrative business. There are also a ,"ew urban dairies that specialize in buffalo milk production. 
The buffalo milk is mostly converted to a local dairy product called curd, which is a delicacy in 
Sri Lanka. Though the buffalo has been an important animal economically as well as socially, 
very little attention has been given to use this animal to its full potential. In Sri Lanka the 
indigenous buffalo accounts for nearly 95% of ths total population, whick is about 0.73 million. 
Breeding programmes are rather limited, while management situations are still primitive. I also 
understand that this has been a long neglected animal not only in Sri Lanka but also in most parts 
of Asia. However, I am glad that recently much research attention has bee11 given to this animal. 
International organizations have been generous in their attempts to develop the water buffalo and 
the local scientists who have made full use of these investments to launch a large rumber of 
scientific investigations on this aqimal. Since this is the third time that scientists have met in an 
international forum, I believe a large amount of information must be available about the buffalo, 
to exchange between the participants. What I would like is to see that this information is used to 
develop the buffalo in Sri Lanka as well as in other countries. The results of these scientitic 
investigations must reach the f a r ~ e r s .  For this, the recommendations must be practical and 
economical. Unless this is not done, this Congress becomes a mere theory. I am personally 
interested to know how we can develop the buffalo in Sri Lanka. My Ministry will give full 
~riori ty to such recommendations of the Congress. Finally, I extend my best wishes for the 
successful deliberations and a pleasant stay in Sri Lanka. 



Vote of Thanks by 

Dr. H. Abeygunawardena 

Co-Chairman, Congress Organizing Committee 

Hon. W~inister, distinguished guests, ladies and gentleman, it is my pleasure to propose a vote of 
thanks on behalf of the organizing committee of the 3'd Asian Buffalo Congress. 

Mr. Arumugam Tho::daman, the Honourable Minister of Livestock Development and Estate 
Infrastructurs, we are most grateful to you Sir, for accepting our invitation and for being with us 
to grace this occasion amidst a very busy schedule. Dr. P.Ramanujam, the Secretary of the 
Ministry of Livestock Developmert and Estate rqfrastructure, we wish to thank you Sir, for being 
receptive to all our requests and also for being with us at the inaugural sessions of the Congress. 
Professor Leslie Gunawardena, the (ice Chancellor of the University of Peradeniya, we are very 
thankful to you Sir, for being with us at thy opening of the Congress and also for extending 
assistance in various ways in organizing this event. Professor Kapila Dahanayake, the Chairman 
of the National Science Foundation, we wlsh to thank you Sir, for the continuation of the 
assistance in cash and kind towards the research and development efforts on the water buffalo and 
also for being with us t o d ~ y  at the opening sessions of the Congress. I thank Dr. Libertado Cruz, 
the .'resident of the Asian Buffalo Association, for his presence here today, despite various 
involvements as the Chairman of the ?hilippine tlat~onal Dairy Authority and the Philippine 
Carabao Centre and also for the generous ~ontribution towards the organization of the 3rd Asian 
Buffalo Congress here in Sri Lanka. I wish to thank all the special guests and invltees who are 
present here, for accepting our invitation and for being with us this morning. Your presence is 
indeed a great source of encouragement and inspiration. 

1 thank all the invited speakers of the plenary sessions and symposia, both foreign and local, for 
accepting our invitati07 to deliver scientific presentations to enrich the deliberations of the 
Congress anc! also for their presence here at this inaugural session. 1 wish to thank all the 
presenters of the scientific papers at the symposia for their enthusiasm to submit their scientific 
communications for consideration as presentations at the Congress and also for- being with us at 
this opeping session. I also wish to express our sincsr.: appreciation of the interest shown 5y the 
local scientists, administrative and planning officers, animal production and health specialists, and 
development and extension workers for their interest and enthusiasm to take part in this Congress 
and also for beirg with us here today. I have no doubt that you will benefit tremendously from the 
deliberations scheduled for this Congress and also  fro^ the workshop that will be held on 
Thursday, the 3oth March at Kandalama. 

I wish to ac!rqowledge the cooperation and the finansial assistance extended towa-ds the 
organization of this Congress by the: 

Ministry of Livestock Development and Estate Infrastructure 
a Department of Animal Production and Health 

National Science roundation 
University of Peradeniya 

a International Atomic Ensrgy Agency, Vienna, Austria 
Agro-Enterprises Development Project and 

a Kiriya Niilk,Industries of Lanka Private Limited. 



Hindu myths. In Sanskrit the buffalo is known by the term mahishu. The popular goddess Durga 
for whom festivals are held all over the Hindu world is referred to as Mahishasura-mardini- 
durga. This title emphasizes her role of "overcoming" or "taming" the buffalo. Ancient sculptures 
portraying Durga performing this role are to be found in many places in India and Sri Lanka cs 
well as in the lands of Southeast Asia. I think that the emphasis in the myth on the neel tc 
"defeat" and to "tame" the buffalo may be perhaps due to the attention that was being paid at the 
time of the origin of the myths to introduce what was formerly a wild animal to agricultural work. 
The taming of the buffalo and the harnessing of animal energy, in addition to human energy that 
was being used up to that time, for agricultural production would have marked an important 
transitional stage in the history of agriculture in South and Southeast Asia. This would not have 
been an easy project, since by nature the buffalo is a sluggish animal, not very heedful to human 
commands. In harnessing buffalo energy humans no doubt faced many problems. Today we know 
that the ob,jectives had been successfully accomplished, perhaps thanks to Durga! 

Locking forward into the 21" century, it is not only the area of the utilization of the buffalo for 
draught energy that we have to primarily think of. [n order to improve the resources of the rural 
hinterland, in particular, the resources of the poor people in the rural sector, emphasis will have to 
be placed very heavily on the productivity of the buffalo in milk and meat production. 1 think 
some of the papers that will be presented today do focus on problems of economy, problems 
involved in  breeding buffaloes and raising their productivity. All this work will be tremendously 
useful to each of the Asian countries represented here in helping to develop the rural sector and 
the poorest segments of the populations of these countries. We look forward with very great 
interest to recomrr~endations arising from the deliberations of the Congress. Your 
recommendations will be helpful in the formulation of policiss at both national and international 
levels, and also in making decisions with regard to future research programmes. 

I wish the Congress all success and I wish the foreign delegates present here a most pleasant stay 
in Sri Lanka. 



BUFFALO PRODUCTION SYSTEMS OF ASIA: AN OVERVIEW 

6. Chantalakhana and P. Skunmun 

Kasetsart University, Bangkok, Thailand 

Abstract: Water buffaloes (Bubalus bubalu) are bei:lg raised as economic animals in more than fitty 
countries in the world, but about 95% of them are to be found in 28 countries in Asia. There are two major 
breed types of buffalo i.e. the river type and the swamp type. The river type consists of several breeds while 
the swamp type has practically only one breed. The wafer buffalo is generally regarded by rural f~rmers as a 
multi-purpose animal. However, commonly the river buffaloes are raised for milk production in most 
countries in South Asia, vihile the swamp buffaloes are used as drafi-and-meat animals in rxixed or 
integrated crop-livestock systems in Southeast Asian countries and South China. Dairy buffaloes are 
generally raised in three common systems; these are ( I )  extensive systen or integrated ~ i t h  crop 
produc~ion, (2) semi-intensive system, and (3) intensive system. In small-farm mixed crop-livestoclc 
systems in rural areas, buffaloes not only provide milk or meat but also draught power, manure, and socio- 
econon~ic values such as savings, recreation, and food security. Buffaloes, as a component of farming 
systems, are an importan: factor contributing to the sustainability of mixed crop-livestock systems. 
Productive and reproductive performances of buffaloes raised in different systems are presented. Future 
trends or evolution of buffalo production in mixed crop-livestock farming systems is discussed. 't is 
expected that buffaloes will be used more and more for specialized milk or meat production in Asia, due to 
population pressure aad the rising beef and milk demand in the coming decades. 

Keywords: Production systems, river buffalo, swamo buffalo, draught power, milk, meat 

Introduction 

Approxilnate!y 95% of the tota' number of buffaloes (Bubalus bubalis) in 'he world are found in 
Asia and Pacifil: :sgion. During the recent decade (1983-1993) the number of water buffaloes in 
the world i~creesed  slightly by 1.3 per cent per year (FAO, 1594). i? 1997, there were 
approximately i 61 milliar. .,vater buffaloes in Asia distributing in 28 coun~ries. 

In generel, there are two breed +ypes of the water buffaloes; the swamp type and the river type. 
The swamp buffaloes are raised mainly in China and Southeast Asia. The river buffalo breeds are 
found mairly in 'ndia and Pakistan. The river buffaloes in Europe and the Middle East are 
commonly referred to as the Mediterranean breeds. Swamp buffaloes are mostly reared by 
farmers in developing countries as  draught animals to provide farm power, manure as  fertilizer, 
and meat. The river buffaloes are raised mainly for milk while some m a l l  farmers may use them 
as draught animals to pull wagons or till farmland. "be Mediterranean buffaloes are raised mainly 
for milk and meat such as those found ir. Italy, Romania and vugoslavia. 

Buffalo raising in Asia has been traditional amocg m a l l  farmers, who grow crops and livestock 
For their subsistence. The river buffaloes are raised for milk production both on small-scale and 
ccmxercial scale, such as those in India and Pakistan. Meat from buffaloes is an important source 
of  pro1,ein foods in Asia. Almost half o f  the beef supply in Thailand is derived from buffaloes. 
Table 1 sEows the distribution of water buffaloes by country; India, China and Pakistan are the 
for, three cou-tries as far as the numbers of buffaloes are concerqed. 

Water buCfaloes are classified into 'wo breed types, the river and swamp, as  mentioned in the 
prsv;ous sections. The river buffaloes account for more than 70% of  the totai buffalo populztion 
in the k,vortd, while the swamp buffaloes account for almost 30%. The number of breeds of river 
b~ffa ioes  are numerous, but the swamp buffaloes belong to only one breed, within which different. 
strains could be identified within a country population. 
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Table 1 .  Tlie distribution of buffalo in hsian countries in 1997 

Continent Country Number Type of buffaloes 
(1,000) 

Asia 
Azerbaijan 
Bangladesh 
Bhutan 
Brunei 
Cambodia 
China 
Georgia 
India 
fndonesia 
1 ran 
l raq 
Kazakhstan 
Laos 
Malaysia 
Myanmar 
Nepal 
Pakistan 
Philippine5 
Sri Lanka 
Syr~a 
Thailand 
'Turkey 
Vietnam 

F = F A 0  estimate, * Unoffic~al datd 

Rf~ostly river 
i\/lostly river 
Mostly river 
Mostly swamp 
Swamp 
Swamplfew river 
River 
River 
Swamplfew ;iver 
River 
River 
River 
Swamp 
Swamp/some river 
Swamplsome river 
Mostly li' ~ver 
River 
Swamplfew river 
Riverisome swamp 
River 
Swamp 
River 
Swamplfew river 

Swamp buffalo 

Most swamp buffaloes aye dark gray in color, but some are white. The freque~cy of white 
buffaloes varies from country to country as well as among locations within each country. The 
frequency of white buffalo in Thailand ranges from 0 to 15 per cent (Nozawa and Na Phuket, 
1974). Black and white buffaloes (piebald) are to be found in South Sulawesi, Sumba and the 
Sumbawa Islands of Indonesia, but they aecur less frequently than gray or white buffaloes 
(Fdarjoshbroto and Astuti, 1980). AS far as colour varkings rre concerned, a white chevron 
(sometimes two) below the neck of gray buffaloes is commonly found. Thai farmers regard 
animals with white stockings on four feet as a good luck sign. Hair whorls are com~nonly found 
on various parts of the body, which usually appear on both sides of the shoulder, hip, face, and 
forebead. In general, the horns are swept-lhch ii-i:~ se-l-circles. but remain on the same plane as 
the for~hend. More details on genetics of s vamp buffaio are given in Chantalakhana (1  991). 

Swamp buffaloes reach a mature weight in about 4-5 years of age. The average mature weights 
vary from 450 to 650 kg in males and from 35C to 450 kg in females. Table 2 shows the mature 
weights as well as %e body measurements of the swamp buffaloes in different countries. 

River buffalo 

In general, the xeeds of river buffaloes,can be classified geographically as follows (Mshadevan, 
1992). 

North Indian and Pakistani breeds: These are Murrah, Nili-Ravi, Kundi and Bhadawari. 
The first three breeds ave large and the last is medium in size. 
Central Indian breeds: These are Jafarabadi, Surti, Meshana, Nagpuri, Pandharpuri, 
hifarathwada and Dhanvar. Only the first breed is large and the rest are medium in size. 
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Table 2. Mature weight and size of swamp buffaloes 

fi ,ountries Weight Height (em) Length (em) Height girth (em) 
(kg) Male Female Male Female Male Female- 

china" 
China 
Indonesia 
lndonesiaz' 
Mala) sia 
Philippines 
Philippines 
'Taiwan 
Thalland 404-600 121-137 121-126 141-148 -- 

Source Carnoens ( 1976) and othcrs ac l~s ted  In thc table 
h i u ,  (1975) 
" ,~arjosubroto and Astut~.  (1980) 

* South Indian bresds: 'There are two small-size breeds i.e. 'Toda and Malabari 
Egyptian breeds. 

* European breeds. 

These riverine breeds are relatively well defined (Bhat, 1992). Most of them are found in India 
and Pakistan. Commonly, the river buffaloes have curled horns and are easily differentiated from 
the swamp type. The variation of horn-shapes is found among the river breeds. The best known 
breeds are Murrah, Nili-Ravi, Jafarabadi, Surti, Mehsana, Nagpuri, Egyptian and European (the 
Mediterranean). 

Although the swamp and the river buffaloes share the same scientific name, the swamp type 
possesses 48 chromosomes (2n), while the river type has 50. According to Chavananikul (1 994), 
the difference in chromosome number is due to a tandem fusion of the 4"' and the 9'" pairs of the 
river type autsomes, to be the first largest pair in the swamp type. Crossbreeding between these 
two types is possible and produces offspring with 49 chromosomes (F,) .  The backcrossing of FI 
crossbreds to the swamp and to the river types can also produce the offspring possessing 48 or 49 
chromosomes and 49 or 50 chromosomes, respectively. Recent investigations reveal the 
occurrence of a meiotic impairment, which affects the semen quality in the crossbred male 
carrying unbalanced karyotype 49 chromosomes (Bongso et al., 1982; Gustavsson, et a l ,  1993; 
Petheram, 1991 ). 

Production Systems and Products 

Swamp buffalo production on small farms 

Nine~-f ive  to 99% of the swamp buffalo production systems in China and Southeast Asian 
countries can be classified as smallholder or small farm systems, where buffalo raising is not 
regarded as a distinct enterprise, but rather is an integral part of the crop production systems 
(Bunyavejchewin and Chantalakhana, 1991). Swamp buffaloes are primarily a source of farm 
power for tillage and transportation and a source of manure for fertilizer, while meat and milk are 
secondary products in these systems. The most common regions where buffaloes play a prominent 
role are the rice productio: areas. Swamp buffaloes are commonly used for draught power in 
lowland rainfed rice production systems, while farm machinery is used in irrigated rice 
cultivation. Swamp buffaloes whenever available are also used in the cultivation of upland rice 
an? other crops. In China and many countries in Southeast Asia, draught animal power remains an 
important source of energy input per unit area of cultivated land, in spite of the increasing use of 
petroleum based power in certain areas. It has been reported that swamp buffaloes provide 20 to 
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30 per cent of the farm power in South China, Thailand, Indonesia, Malaysia, the Phili~pines and 
Indochina (Charitalakhana, 1988). 

Swamp buffalo production on small farms under village conditions is an activity, which is 
complemei~tary to crop production and makes use of non-marketable farm products and marginal 
lands, utilizing surplus family labour, requiring minimal cash inputs and simple and traditional 
technolog>. It is generally a non-market-oriented production activity, that is subject to a relatively 
low degree of risk. 

In general, attention is not given to obtaining a high rate of output of meat from the swamp 
buffaloes, because other products and services are considered more im;rortant in the small-farm 
systems. The swamp buffalo production systems under village conditions in Southeast Asia is 
therefore generaliy referred to as smallholder produqtion systems. In general, the small-farm 
buffalo husbandry can be described as follows. 

In most Southeast Asian countries, village farmeis us~al ly  set aside small-plots of land for 
buffaloes and cattle grazing to supplement other grazing land resources available in the village 
such as paddy field, scrub forests on upland areas, highway shoulders, rice bunds and communal 
grazing lar~ds. In general, buffaloes depend mainly on rice straw stubble and other crop residues, 
such as corn stalks, cassava or kenaf leaves, which may also be available as substantial sources s f  
roughage, especially during the dry season. 

During the post-harvest season, buffaloes are aliowed to graze in the paddy field, where breed'ng 
will also tilke place. Following this in the summer, animal feed in paddy fields becomes scarce 
and buffaloes have to graze on highway shoulders or in upland scrub forests. At this time the feed 
from grazing will be supplemented with rice straw or other green fodder. With the onset o'the 
rainy season and the start of the cropping season, most areas will be cultivated with rice or upland 
crops, Animals will be grazed only in fallow fields or plots set aside for them and will be tethered 
in or near the homesteads area and fed rice straw. Generally, concentrate or mineral supplements 
not are giken to animals. There are usually no cash inputs, and animals are cared for mostly by 
family labour, i.e. children, wornen or old folks. Buffalo breeding generally takes place through 
random natural mating. Within-breed breeding is commonly practised in swamp buffaloes. 

In general, male buffaloes are preferred for work, but due to the shortage of draught animals, both 
males and females are now used for work. Male buffaloes intended for work are generally 
castrated at the age of two to two and a half years, depe1,ding mainly on size and body condition, 
before they are trained for work. Farmers select draught animals mainly on the basis of size, 
height, conformation and other traditional features relating to eiiternal appearance, such as horns, 
locations of hair whorls, chevrons, color and markings. 

Castration of work buffalo in the long run, has a negative effect on animal Sody size since larger 
animals are prevented from breeding. The shortage of good-quality breeding bulls has aiso been 
recognized as a serious problem resulting from castration of buffaloes in rural areas in some 
countries, such as Thailand. Castration of the males increases the possibility of inbreeding ir, the 
village herds. 

Selective breeding, except crossbreeding, has not been practised. Rearing of breeding bulls is not 
practical since the number of breeding cows per holdiqg is very small. L-s mentioned earlier, 
village buffalo breeding usually takes place during the post-harvest season when male and female 
animals in villages are grazed together in the paddy fields, where there is an abundant s~1pply of 
feed. Random natural mating takes place mostly during this period. Artificial insemination is also 
used to a ver j  limited extent in some countries. The average annual calf crop among village 
buffaloes appears to be around 35-4096. Table 3 shows some characteristics of the swamp 
buffaloes in small farms. 
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Health care of the swamp buffaloes is minimal. Some may be vaccinated against certain infectious 
diseases, but most are not. Common infectious disezses in buffaloes are foot-and-mouth disease 
and haemorrhagic sept~caernia. A small percentage G T  village buffalo caws are found to be 
positive for brucellosis. In addition, internal parasites. such as strongyloides and neoascaris are 
commonly found in buffaloes. 

The major products and functions of buffaloes, as recognized by farmers are as follows: 

Workivlg nbilities of the swamp buffnloes 

The intensity of w o s ~  of draught buffaloes varies between locations, seasons and farming systems 
of various countries. In  general, male buffaloes are preferred for work, because of their larger 
body size, which is believed to be related proportionally to ~ o r k  efficiency. I-lowever, due to the 
increasing shortage of draught animals during the recent decades, both male and female buffaloes 
have heen used for work, including pregnant female buffaloes. Buffaloes wit11 a body weight 
ranging from 400 to 900 kg can produce draught power equivalent to 0.75 horse-power (Hp) as 
compared to 1 Hp from a light horse of 400 lo 700 kg body %eight (Cockrill, 1974). Under 
normal conditiot~s, buffaloes appear to move at a slower speed, compared to the horse, mule or 
donkey, but they are very efficient for work in muddy or flooded land such as paddy fields. 

In Southeast Asia. for instance in the Philippines, it has been reported that btlffaloes of both sexes 
are used for work on an average of between 80 to 100 days per year (Mo~no~igan, 1994). In  sonle 
villages of Northeast Thailand, the year-round data relating to draught activities from village 
housel-\old ploughing, raking and carting, show ihat the draught buffaloes are used on an average 
of betiveen 5 1 to 67 days per year, ranging from 8 to 115 days (Chantalakhana, et al. 1991). Two 
or three draught buffaloes can take care of the farm work in a two to three hectare farm. 

Table 3. Soine chdrac~eristics of iwarnp buffaloes in small farms 

-- - -+ 

Traits - Ranzc of averages - 

A. Reproduction and mortality 
Age at puberty (year) 
Age at first calving (year) 
Oe:,trous cycle (days) 
Gestation period (hour) 
Ge:,tation period (days) 
Calving rate (%) 
Calving ~nterval (days) 
Tw~nni~ ig  (96) 
Weaned calf crop (%) 
Death loss (birth to weanlng) (%) 

6. Growth and carcass 
Weight at birth (kg) 
Weight at weaning (8mo) (kg) 
Weight of ,"enisle (kg) 
Welght of male (kg) 
Dresslng percent (bullocks) 
Post weaning daily gain (kg) 

C. Work 
Arca of land glowpd per hour (acres) 
Days worked per year 
Average years of work (in Thailand) 

Run> avclcheu In and Chantalakhana. 199 1. Chcintalal\hana 1992 

In Indonesia, it has been shown that the intens~ty of work by draught buffaloes varies widely from 
one farming system to another. The number of work days per year ranges from 10-30 days in 
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rainfed rice production to 200-300 days for cart haulage (Petheram, 1991). It has also been 
pointed out that in Indonesia draught animal power is most important in farming systems that are 
isolated, have no access to infrastructure facilities and have a high ratio of land to pclpulation 
density. It is also interesting to note that female buffaloes are more commonly used for work than 
males in most farming systems, which relates to their dual functions, i.e, work and production of 
the females. 

Me& and milk 

Buffalo meat is becoming more important in Asia since the demand for beef is increasing in most 
countries, where the beef supply from cattle cannot meet this rising demand for beef. Data 
presented in Table 3 show that the post-weaning growth rate of swamp buffaloes is 0.34 to 0.75 
kg body weight per day on grass feeding with small amounts of feed supplement. The mature 
weight of buffaloes ranges between 450 to 650 kg, while the dressing percentage ranges from 43 
to 5 1%. The quality of buffalo beef is comparable to cattle beef if the animals are of the same age 
and fed the same ration, 

F A 0  statistics (FAO, 1994) indicate that buffalo meat production in China, Thailand, Indonesia 
and the Philippines in 1993 were 2 16, 58, 51 and 45 thousand metric tons. Due to rising slaughter 
rate of buffaloes, it has become evident that the buffalo populations in Malaysia, the Philippines 
and Thailand have decreased drastically during recent years. 

Swamp buffaloes are not commonly raised for milk due to their relatively low milking ability. In 
general, I to 2 kg of milk can be obtained from a good buffalo cow, plus a certain amount of milk 
suckled by the calf. However, swamp buffaloes selected for milking in China can produce 441 kg 
of milk yield in 235 days of lactation, averaging 1.9 kg of milk per day. 

Reproduction 

The swamp buffaloes under small farm conditions where feeding and management levels are 
minimal, reach the age at first calving in 3.5 to almost 5 years (see Table 3). Under these 
conditions, the calving percentage generally ranges between 30 and 40 with a calving interval of 
370 to 670 days. Due to various socio-economic as well as technical constraints, the reproductive 
performance of the swamp buffaloes under small farm conditions appears to be relatively inferior. 
However, whenever feeding and management are satisfactory, the reproductive traits of both 
buffalo. and cattle under small farm conditions are quite comparable. Considering the harsh 
conditions and prevailing diseases and parasites in the tropics, it is highly satisfactory that these 
animals continue to produce in a sustainable fashion in rural areas. 

Besides draught, meat and milk swamp buffaloes provide a by-product of significant importance 
during the year for use as fertilizer in crop production. In many countries, buffalo dung is used as 
fuel for cooking, by mixing with straw or chaff, moulded into patties and then sun-dried. Methane 
production from buffalo dung is practiced in some countries such as China. 

Socio-ecottomic value 

Rural farmers in developing countries regard the swamp buffalo as a long-term family savings 
asset that can be converted when the need for a large sum of money arises, for instance in case of 
crop failure or cultural events. The buffalo can be used as an inheritance to be passed on to 
children. In many countries, buffaloes are used for game, recreation and as an agrotouristic 
attraction. 
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River Buffala Production in South Asia 

In traditional South Asian agriculture, :he small farmer is basically a crop farmer. They maintain 
buffaloes mainly because they depend on these animals to carry out agricultural operations. Most 
of the farmers are subsistence farmers with very little land for cultivation. With heavy population 
pressure on land, the livestock number per farm is rather low. Most of the farmers keep around 
one or two buffaloes for crop cultivation or for milk production. Meat and manure are generally 
considered as by-products. 

In India and Pakistan, one can recognize three systems of buffalo production, viz ( 1 )  extensive, (2) 
semi-intensive, and (3) intensive (Soni, 1991). In most of central, southern and eastern parts of 
India, the extensive system of buffalo raising is based in grazing an common village land, 
roadside grass and on stubble. Natural grass is supplemented with straw and other crop residues. 
Milk producing buffaloes are given a small quantity of cultivated fodder and also some oil cake 
are in a fe t~ ,  instances. In Pakistan, the extensive system of buffalo production is practised in noa- 
irrigated lands of Punjab and Sind provinces. 

The semi-intensive system of buffalo raising is generally associated with intensive systems of 
crop production. The Province of Punjab, Haryana and Western Uttar Pradesh in lndia are the 
areas where farmers maintain 10 to 50 buffaloes under semi-intensive conditions. Buffaloes are 
raised mainly for milk production and are stall-fed. Cultivated fodder and natural grasses are cut 
and fed along with crop residues and a concentrate mixture. These animals provide most of the 
milk collected by the dairy plants in these states. 

Metropolitan cities like Karachi in Pakistan and Bombay and Delhi in India have large herds of 
buffaloes raised under the intensive management system to meet the milk requirements of these 
cities. High producing buffaloes are purchased and brought from rural areas. These animals are 
kept under unhygienic conditions and fed straw and concentrates. A small quantity of green 
fodder is also given in the belief that this makes the straw based diet "tasty" to the animals. 

Milk 

The better known breeds of river or milk buffaloes reared in countries outside lndia are the 
Murrah and Nili-Ravi, where they have been introduced for milk production. In India most of tlie 
milk produced comes from buffaloes. Milk producing ability of river buffaloes varies according to 
breed, location, level of feeding and management and other factors. Table 4 shows the average 
milk yields in the first lactation of various breeds of the river buffalo. 

In general, the average milk yield in the first lactation of the Murrah ranges from 1,500 to almost 
1,900 Icg and of the Nili-Ravi from 1,700 to slightly higher than 2,000 kg. Milk yields of the other 
breeds as shown in Table 4 are more or less close to the average of these two breeds. The lactation 
length of river buffaloes ranges from about 270 to 300 days, which is similar to that of the 
conver~tional breeds of dairy cattle. The average milk yield of the river buffaloes appears to be 
lower than that of dairy cattle under the same conditions, but the butterfat percentage is much 
higher (7 to 8 %). Therefore, buffalo milk is preferred by consumers in India in the preparation of 
traditional food products such as  ghee or yogurt (Dahi). Buffalo milk composition is shown in 
Table 5. In general, both milk fat and solid-not-fat (SNF) in buffalo milk are higher than in COW'S 

milk. The total solids percentage in buffalo milk ranges from f 6.2 to 23.2 as compared to 13-4 in 
milk from Zebu cows. 
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Table 4. ,-'irst lactation yield of river buffaloes 

No. of animals 

Murrah 
576 
3137 
817 
820 
380 
936 
2 13'7 

Nili-Ravi 
3 89 
100 1"  
1300" 

Surtl 
62 

Bhadawari 
3 7 

Nagpurl 
73 

MarathwaJa 
2 3 

Egypt~an 
285 
230 

Mear _+ SB S o ~ r c e  
(kg) (cited by Bhat, 1992) 

1709.5+16 4 Kanaujia and Singh (1 975) 
3753.0+1 1.7 Sreedharan and Nagercendar (1 978) 
1867.4+20 9 Kumar and Bhat (1978) 
1601 6k16.4 Kanaujia (1 978) 
152 1 3k22.5 Chhikara et ul. (1 978) 
1962.0228 2 Bhularu and Dhillon (1978) 
1546 6168.1 Jam and Taneja (1 982) 

1706.5+30.0 Reddy and Taneja ( 1  984b) 
1702 0+61 0 Cady et al. (1 983) 
2065.0+63.0 Cady et ul. (1 977) 

2203 025 1 7" Singh and Singh (1977 

1 165.0+27 7 Singh and Singh ( I  977) 

926 351 7.1 Belorkar et d l .  (1977) 

845.7246.2 Singh and Singh (1977) 

15175232 5 Alim (1957) 
1601 .0+3 1.8 A11m (1 977) 

170 1455.3242.7 Fahmy et ul. (1975 
a Pooled obcr lactat~ons 
b The lactallon Icngth In Surtl under reference was very high (426 days) 

Table 5. Buffalo milk composition colnpar~ng io Zebu cow 

Breed Water Fat Protein Lactose Ash S.N.F. Total 
(%I ("/.) (%) (%) (%) solidsa 

Italian 
Egyptia?. 
Chi~ese  
Carabaos 
Russian 
Caucasian 
Hungarian 
Bulgarian 
Murrah in Bulga~ ia 
Murrah in lndia 
Zebu cows 86.6 

a Fat+S N F b ~ o t  c~ted bv authors 
Rao and Nagarcerlkar, 1997 

Buffalo milk can be processed into various dairy products similar to those from cattle milk. 
Cheese made from buffalo milk for instance, Mozzarella cheese in Italy, 3omiati  in Egypt or 
other cheese products from buffalo milk in lndia are well known and popular among consumers. 
Other dairy products such as  butter, condensed milk, powdered milk, infant milk foods and 
various incligenous milk products can be made from buffalo milk (Ganguli, 1993). 
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Meat 

The buffalo meat from the river breeds is used for collsumption mainly outside India. l 'he river 
buffaloes in European and Southwest Asian countries have often been called Mediterranean 
buffaloes and number approximately 5 million which are raised for the purpose of milk and/or 
meat production. The growth rates of river buffaloes in various countries as compared to cattle are 
shown in Table 6. It can be noted that the growth rates of river buffaloes vary from about 0.4 to 
1.2 kg per animal per day, which depend mainly on the level of feeding and partly on genotypic 
differences. It is evident in Table 7 that the growth rate of river buffaloes are in general as high as 
that of cattle, while some are slightly superior. More details concerning growth and development 
of buffaloes can be found in the report by Moran (1 992). 

The mature body weight of the Murah buffalo ranges from 350-700 kg in female and 450-800 kg 
in male. The adult weight of Caucasian river buffaloes is between 350-450 kg in females and 500- 
600 kg in males, while that of European buffaloes is between 250-600 kg in females and 400-800 
kg in males. The Italian buffaloes average 650 kg in mature body weight of female. In general, the 
body size and weight of river buffaloes are comparable to those of Zebu cattle. 

Table 6. Growth rates of river buffaloes and cattle (kglday) 

Country Buffaloes Cattle Cattle genotype 

Iraq 
USSR 
Bulgaria 

Egypt" 
USSR 

Iraq 
Bulgan? 

Egypt 

l n d ~ a  

Sri Lanka" 

Genubl 
Native 
Red Danish 
Red Danish 
Native 
Simmental 
Simmental 
Simmental 
Red Bulgarian 
Red Bulgarian 
Red Bulgarian 
Red Bulgarian 
Native 
Native 
Native 
Native 
Native 
Zebu 
Zebu 
Zebu 

Trinidad 0.42(185) 0 14(140) Zebu 
" Tr~al ~ncluded Frteslan 0 97 kgiday (294 kg) 

Trial Included F r ~ e s ~ a n  . 0 68(187), 0 58(182), 0 36(192) for the three tr~als respectlv~ly 
Tr~a l  ~ncluded Fr~evan 0 2r kglday : l 1 i: kg) 

Source Morgan ( 1992) 
c~gures  tn parenthesis are ~nltial live welghts (kg) 

Table 7 shows some carcass and meat characteristics of river buffaloes. The dressing percentages 
appear to be about 54 to 55 ,  which are slightly higher than those observed in the swamp buffaloes, 
but lower than in beef cattle. The percentage of  lean meat in buffalo carcass is approximately 70 
to 7290 of the carcass weight. The loin-eye areas are about 60 to 64 cm', which is considerably 
smaller than in beef cattle. Carcass fat of the buffalo is white in colour while that of cattle is 
yellowish due to presence of carotene. Marbling in buffalo meat is very little as compared to cattle 
meat, hence, some claim that buffalo beef contains much less cholesterol than cattle beef. 
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Table 7. C~rawth rates, carcass ,omposition and meat composition of three genotypes of river buffa,o 

Trait Bulgarian Merrah Murrah x Bulgarian 
Growth rate (kglday) 1.02 0.95 1.03 
Slaughter live sleight (kg) 3 62 200.0 3 88 
Cold carcass welght ( kg) 194.6 54.7 209.7 
Dressing per cent 53.7 54.7 54.1 
Hide weight (?4 live weight) 13.9 12.5 14.1 
Total Ian meat in  carcass ('3%) 71 9 70.1 69.4 
10-1 1-12 rib 

Lean meat (%) 66.9 67.4 61.5 
Separable fat (%) 15.4 15.8 18.6 
Bane (%) 17.7 16.8 19.9 

Longissirnus dor.rt muscle area (cm2) 64.3 60.6 63.4 
Oganjanovi~, er af (1970) 

The chemi.cal compositions of buffalo and cattle carcasses are shown below (de Franciscis and 
Moran, 1991). 

3uffalo Cattle 
Cross chemical compas:::on 
(% edible carcass) 
Water 
Protein 
Fat 
Ash 
Energy (kJ$ 

The amino acid, fatty acid, mineral and vitamin contents of the carcrss of buffalo and cattle 
appear to he quite comparable. 

In general, it can be said that river buffaloes breed all year round, but variations in the breeding 
frequency in different months of the year could be observed %I some locations due to the 
availability of good quality feeds, especially roughage, which can be affected by seasonal rainfall. 
The age at first oestrus of river buff~loes ranges from 30 to as high as 4E months. The number of 
A1 services per conception ranges from 1.6 to 3.0. The age of cows at first calving ranges widely 
from around 37 to 55 months, depending mainly on the level of feeding and management. The 
gestation length in buffaloes is somewhat longer than in cattle, ranging from about 300 to 345 
days. The calving intervars in Murrah, Nili-Ravi and Egyptian buffaloes vary between 480 to 
almost 5 1 0 days. 

Breeding of river buffaloes using the artificial insemination technique with frozen semen is 
popular among dairy farmers. Research results in embryo transfer 'n buffaloes indicate that it is 
quite possible to employ this technique, but its eqonomics and necessity has to be carefully 
assessed if it is to be used on a developmental scale. 

Buffalo diseases are generally the same as those of cattle, since the domestic buffaloes are closely 
related in phylogeny to cattle. There are, however, a few diseases of parasites that affect buffaloes 
more commonly or seriously than cattle, such as haemorl-hagic septicaemia, black leg, round 
worms in calf and some skin parasites. 
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Haemorrhagic septicemia causes heavy economic losses in Asian countries due to high mortality 
among buffaloes, Some hundred thousand buffaIoes in Asia are affected annually. Regular 
vaccination against haemorrhagic septicemia in buffaloes is provided as an extension service by 
governments of some countries- Black leg or black quarter is also a serious condition in buffaloes. 
It is an acute infectious disease characterized by inflammation of muscles, severe toxemia and 
high n~ortality. Other common diseases of buffaloes are foot-and-mouth disease, tuberculosis, 
mastitis, rinderpest and bnscellosis. 

It is evident that cattle and buffaloes share many common parasitic infections but buffaloes differ 
in many respects. There are some parasitic diseases, which are more common and pathogenic in 
buffaloes than in cattle. The main parasitic problems with river buffaloes are ascariasis, 
paracooperiosis, coccidiosis, fascioliasis and sarcoptic mange. Environmental factors, age of the 
animals and husbandry practices are some major factors that determine the extent of severity of 
different types of parasitic infections. 

Buture of Buffalo Production in Developing Countries 

Future trends in swamp buffalo production 

In small farm production systems, buffaloes are used for draught and their manure for crop 
production. This practice will remain an important part of overall buffalo production in Asia for at 
least the next two or three decades, due to the fact that these systems of buffalo production is 
highly sustainable from biological, socio-economic and ecological standpoints. Lowland rainfed 
rice production systems will continue to exsist, in spite of fluctuating market price, because much 
of the rice production in this ecosystem is produced traditionally mainly for home consumption. 
Sustainable rice yields depend on the use of animal manure as fertilizer for crops, as well as 
animal power for some farm work such as ploughing, puddling, raking, weeding, etc, Meanwhile 
transportation may shift from animal haulage to tractors, which can be used where a good village 
road system is in place. 

While a substantial portion of small farm production continues to exist in many countries, a 
sizeable portion of these farms will continue to evolve and cllange their farming techniques and 
use of production inputs. In some extreme cases it has been seen, especially in irrigated areas, that 
farmers have given up buffalo raising for draught and turned to mechanization in order to adopt 
crop intensification techniques. Demand for buffalo beef by consumers in such areas has to be 
met by supplies from outside irrigated areas, consequently specialized buffalo raising systems 
will emerge when economic conditions are favourable. 

Some small farms under rainfed conditions will also change in farming practices, for example 
with the availability of government credit for the purchase sf small tractors. Some farmers will 
turn to mechanical power while some may have to sell a few buffaloes to meet the total cost of a 
small tractor. While using the small tractor for heavier or urgent farm works, buffaloes are also 
used for lighter works such as puddling and weeding. Buffaloes are raised utilizing rice straw and 
feed available around the farm as a source of farm income and regarded as assurance and security 
in case of crop failure. In other words, the buffalo is one of the necessary components 
cuntributing to the sustainability of small farm production systems. There will a h  be some 
farmers who depend solely on mechanization for farm power, but still will keep some buffaloes as 
a f m  component in order to use the manure as fertilizer and sell buffalo for cash income. 

Due to the growth in human population and the increase in per capita beef consumption in most 
countries, it is obvious that in the next three decades, the demand for beef will be significantly 
higher than at present. At present, the beef supply in some Southeast Asian countries is already 
inadequate to meet domestic demand. Some countries have to depend partly on imported cattle 
and buffaloes, either by legal trading or smuggling, while some have to enforce a slaughter ban in 
order to maintain cattle and buffalo populations at a desired level. Hence, it is foreseen that in the 
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near future beef cattle and buffalo farming or ranching will become a viable enterprise. 
Specialized buffalo raising on a small to medium scale (10 to 50 per farm) is likely to become 
more common, while larger ranch enterprises will depend on economic opportunities and 
government policy. Due to the lack of land and higher cost of production, large-scale buffalo 
ranching may not become a profitable enterprise, but again this will depend on many economic 
factors such as export markets. 

Future trends in milk production from buffaloes 

It is clearly evident that the total milk consumption in various countries in Asia will continue to 
rise due to an increase in human population as well as per c a ~ i t a  milk cons:lmption, due to 
increase in income and better education among people. The increase ir: milk consumption has 
been accelerated during the last decade in many Southeast Asian countries, where milk supply 
from daiq  cows provide only around twenty per cent of the total milk demand. Besides, most 
rural people who form the majority of the population do not usually have access to commercial 
milk supplies. Hence, milk production from buffaloes can provide an additional source of milk 
supply to the commercial milk market, while crossbred or purebred river buffaloes on rural fanns 
could probide milk for household consumption in rural areas. Chipa and some Southeast Asizn 
countries, such as the Philippines, Thailand and Malaysia are interested in and have commenced 
the implementation of programmes for crossbreeding of the swamp buffalo with some river 
buffalo breeds especially the Murrah and Nili-Ravi, in order to achieve good milking ability in the 
crossbreds, while at the same time, using them as a multi-purpose animals, viz, far meat, draught 
and manure. 

Table 8. The milk yields of different buffalo breeds in China 

Average Average 
Breed Number Iactation lactation 

Local (L) 
tested (days) 

10 235.9 
Murrah (kl)xL 12 276.9 
M~L(FI) 60 270.8 
Mx(MxL)(F2) 12 29 1.7 
Triple-Cross ' NA 311.5 
Murrah 8 1 237 1 
Nili-Ravr 2 5 261 .O 

I first lactallon only 

milk, yield (kg) 
44 1.4521 2.4 
1096.6226 1 .O 
1 153.72397.5 
1540.35687.2 
2 00.71645.0 
1573.22524.2 
1873.52690.4 

Average Highest 
daily milk daily milk 

(k) yield (kg) 
1.94 5.5 
3.73 9.5 
4.3 11.0 
5.2 13.0 

6.75 12.5 
6.61 7.0 
7.2 1 9.9 

NA = number not dva~lable 
Source: (Xiao, 1990) 

China initiated a buffalo crossbreeding program to develop a dual-purpose animal i.e. for milk 
and meat i n  1957 by introducing Murrah buffaloes to cross with the local swamp buffaloes. Later 
in 1974, Nili-Ravi buffaloes were introduced from Pakistan to be used in the thee-way 
crossbreeding program (Xiao, 1990). Some results on milk production of the local swamp 
buffaloes (L), the Murrah, the Nili-Ravi and their various crosses are chown in Table 8. 

A crossbreeding program involving the Philippines swamp buffaloes (carabao), the Murrah and 
the Nili-Ravi has also been carried out in the Philippines for more than ten yezrs with the aim of 
producing a multi-purpose animal i.e. milk, meat and draught power. The results reported thus far 
relating to the milking ability of the crossbreds and their parental breeds are shown in Table 9. 
The details on growth, physiological characteristics and work performance of the different 
genotypes are also available (Momongan, 1992). 

The difference in the number of chromosomes of the swamp buffalo (2n=48$ and the river buffalo 
(2n=50) is the major concern of animal scientists. The FI crossbred (2n=49) between the s w ~ m p  
and the river buffalo appear to be fertile. The inter se mating of F,'s p rod~ce  crossbred buffaloes 
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of three cytogenetic types i.e. buffaloes with 2n=48, 2n=49 and 2n=50, expectedly with the ratio 
of 1:2: 1 .  The important question is whether or not the FlYs will suffer reduced fertility in both 
male and female. The relatively few research evidences reported up till now have not shown that 
fertility of the crossbred buffaloes is significantly different from their parental breeds. However, 
well-planned and well-controlled research both in the field and in laboratory to examine the 
fertility of both male and female crossbred buffaloes need.to be carried out before launching on 
any extensive development proj?ct in buffalo crossbreeding 

Table 9. Average milk yield (kg) and lactation length (days) of the Philippines Carabao, Murrah, Phil- 
Murrah F, and Phil-Ravi F1 

Philippine Murrah Phil- Murrah F, Phil- Ravi Fl 
Parameters Carabao N=21 N=29 N=12 

N=2 1 

Milk yield 259.40 1 804.40 705.60 623.10 
Lactation length 200.81 348.48 259.45 233.67 

Shresthil and Paker, 1992 

Role of Buffalo in Small Farm Systems and Sustainable Agriculture 

It is well recognized that most small-farmers (75 to 85%) depend on rain-fed agricultural 
production. They have practised farming or integrated farming for many centuries. Buffaloes have 
been i~icorporated as a vital component in these sustainable agricultural production systems. They 
continue to provide renewable resources in terms of draught power and manure, while meat or 
milk are secondary products in these systems. It is very evident in Thailand, where rice 
productivity during the last three or four decades has been sustained at a constant level, chemical 
fertilizer use has been minimal. Thai farmers in rain-fed areas have been using cattle and buffalo 
manure to maintain soil fertility. Manure is spread on to paddy fields early in the rainy season and 
ploughed down before rice planting. Each adult buffalo can produce 4 to 6 metric tons of wet 
manure per year. Besides being used as fertilizer, manure has also been used for other purposes 
such as burning fuel, construction material and others. 

In most developing countries, draught animal power remains the important source of energy input 
per unit of cultivated land, in spite of the increasing use of petroleum-based power in some 
countries. From socio-economic aspects of existing farming systems in these countries, which are 
not expected to change or drastically, the mixed use of all these sources of power in 
suitable proportions will offer the highest benefit to the farmers, especially those practising 
rainfed agriculture. 

In the last two decades, farm mechanization has increased to various extents in many Asian 
countries. This raises questions concerning the future of draught animal power. But it is clear that 
the benefits of mechanization on crop yield will be realized only when other production inputs 
such as fertilizer, insecticide and irrigation become available and econotnical, It is therefore 
evident that under the prevailing rain-fed conditions and subsistence farming practices in 
developing countries, mechanization has not played a major role in sustainable crop production. 

For Asia in general, in spite of the apparent increase in the use of farm machinery, especially in 
irrigated areas in most of the cultivated areas, the use of draught animal power will remain 
proportionately high. In many cases, draught animal power can be strengthened to complement 
the mechanized system. 

Another important aspect of sustainable integrated farming systems practised by rural small- 
holders is the utilization of crop wastes and by-products, such as cereal straws, maize and 
sorghum stovers, pineapple waste, sweet potato vines and groundnut vines, for ruminant feeding. 
Buffaloes are known to digest such poor-quality roughage more efficiently than cattle, and in 
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developing countries small-farmers commonly use most of  the crop wastes and by-products t o  
feed animals, especially buffaloes. In some areas, where farmers do  not raise buffaloes or  other 
ruminants, they burn straw and stubble in order to dispose of them; this is wasteful, creates 
pollution and sometimes cause serious accidents. 

It has been shown that the yield of wheat or rice straw is equivalent to the grain yield by weight. 
Maize stover is 70-75% and pineapple waste 60-80% of the grain yield. An enormous amount of 
fibrous by-products from cereals and other crops is available each year in many regions of the 
world. In developing countries, where most farmers are rural small-holders, these crop wastes and 
by-products are usually available in relatively small quantities at the farm; hence, they are not 
economically marketable. Some of these crop wastes such as stubble and stovers are left over in 
the field. Buffaloes also get rid of green weeds, provide manure to the fields through dung while 
grazing. These are among the many complicated and delicate components in sustainable 
agricultural production systems on small farms in rural areas. 

Buffalo raising as part of small-farm agricultural systems has positive effects on the concept of  
social and economic sustainability, and consequently on rural development. Buffaloes are usually 
looked after either by women, old folk and children, who are not otherwise employed. Old folk in 
the family feel that they are useful and.are needed when tending buffaloes. One of the major 
reasons why rural people choose to remain at home during the dry season, or not go to work in 
cities, is that they have to look after their buffaloes or other livestock. 
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BUFFALO PRODUCTION SYSTEMS 
IN THE MEDITERRANEAN REGION AND LATIN AMERICA 

A. Alexiev 

Natzonal Associatzon of Buffalo Breeders, Buffalo Research Institute, 
9700 Shoumen, Bulgaria 

Abstract: Of the 166.7 million buffaloes in the \jorld, 1 32 percent are located in Latin America and 2.01 
percent in the Mediterranean region. The buffalo population in Europe IS decreasing and is currently about 
400,000. The population in Latin / merica is over 3 million, the largest number (about 3 million) being in 
Brazil. The best buffalo herds are located in Italy. This is a result of the intensive selection for milk 
productioq. In Bulgaria, the Bulgarian Murrah has been developed by upgrading the domestic 
Mediterranean buffalo with the Indlan Murrah. It possesses high milk production potential, a rapid growth 
-ate anti the ability to adop, to a range of climatic conditions 

In Brazil, thrp,e large populations of the river type water buffaloes i.e. the Murrah, Jafarabadi and the 
Mediterranean are reared. In Trinidad, buffaloes of the Bufalypso breed are raised. This is a synthetic meat 
buffalo breed evol-jed by crossing the Mediterranean buffalo with the different river type buffalo breeds 
imported from India. The body conformation is characteristic of the meat type of animals with a very good 
growth rate and fattening ability. The system of management depends on the purpose for which they are 
reared and the condition prevalent in the different countries. In Greece, Albania, former Yugoslavia and 
Romania, from early spring to late autumn, buffaloes are raised on pasture while in the winter they are kept 
in primitive barns and fed roughage and low quality feed. 

In Bulgaria, buffaloes are raised elther in private farms under traditional management methods or in 
industrial complexes. In private farms in the winter they are kept in sheds and fed roughage and concentrate 
mixtures. In the summer, buffaloes are allowed to graze during the day and brought into the sheds for the 
night. In Italy, buffaloes production IS well developed. Buffaloes are ralsed under commercial management 
conditions only for milk production. The milk is processed into a variety of dalry delicacies, mainly the 
worla famous Italian "Mozzarella dl Buffala 

Keywords: Production systems, Mediterranean, Latin America 

Number and Distribution 

According to official statistical data (FAO, 1997), the number o f  water buffaloes in the world is 
166.7 million, o f  which 1.02% are located in Latin American countries and 2.01% are located in 
countries o f  the Mediterranean region (both in Europe and Egypt). However, the  number o f  water 
buffaloes in these two regions is considered to be higher. 

Mediterranean region 

Europe 

The  number o f  water buffaloes on this continent is constantly decreasing and is currently 
considered t o  be about 400 thousand. In the past, water buffaloes were concentrated only in 
Southeast Europe (Albania, Bulgaria, Greece, Italy, Romania and  former Yugoslavia). Presently, 
however, they are raised in other co,ntries o f  the continent as  well. T h e  population is highest in 
Romania (about 150- 1 80 thousand) and Italy (about 150 thousand), followed by Bulgaria (about 
25 thousand; and former Yugoslavia. The  number of water buffaloes in Albania and Greece is 
very small. 
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There are about 3.2 million buffaloes raised in this country, 54% are located in Lower Egypt. 

Latin America 

Presently, over 3 million water buffaloes are raised in this region, located in almost all countries, 
and the population is increasing rapidly. The largest population is in B r a d  (about 3.0 million), 
followed by Venezuela (abou 100 thousand), Argentina (about 20 thousand) and in Coiombia. 
The national buffalo populations in these countries are increasing rapidly at an annual rate of 
over 13-14%. Apart from Trinidad, that has a population of about 8 thousand buffaloes, the 
number of water buffaloes in the remaining countries is still limited. trowever the numbers are 
increasing each year. 

History and Origin 

Mediterranean region 

Europe 

There are several assumptions with regard to the Introduction of buffaloes into the different 
countries of the continent. It is considered (Polikhronov, 1974; Alexisv, 1998) that buffaloes first 
came to Europe, more precisely to the Balkan Peninsula and Bulgaria. Their existence has been 
known for 12 centuries. They have been introduced from three directions: from the East via 
Bizantium, from the North with the invasion of the Huns and the Avars in Europe and from the 
South via Italy, where the introduction of buffalo most probably had been made from North 
Africa by the Saracenes. 

There are several assumptions about the penetration of buffaloes into Italy. P.ccoraing to de 
Franciscis (1979), some authors assume that they have been known since ancient times, while 
others say that they have been introduced in the 6'h century. It is also possible that buffaloes were 
introduced either from Egypt during the Arab invasion or with the crusades or in the 15th 
century. Cockrill (1974) reported that buffaloes have moved to Albania and Hungary during :he 
Turkish invasion in the 1 6Ih century. According to Ivanov and Zahariev (1962) buTfaloes have 
also been raised in some West European countries such as Germany in 874, France during the 
12th century and in 1807 and England in 1252. 

Regardless of when and how buffaloes were being introduced to Europe throughout the certuries, 
they were well accepted by the people in the Balkan Peninsu.a and Italy. They had not been 
raised in other European countries for ages. It was only recently that the import~nce of the 
buffalo was re-evaluated in these countries. Separate buffalo farms were established ancl some 
still exist in the United Kingdom, France, Germany, Spain and e f e n  Denmark. 

There is no evidence of the existence of the domestic buffalo during the time of the Pharaohs. It 
is widely accepted that buffaloes in Egypt were introduced from india anC Iraq during the Arab 
invasion in the middle of the 7th century (Shalash et al., 1988;. 

Latin America 

Water buffalo introduction into this region started at .;ne end of 1 9 ~ ~  century arid at the beginning 
of the 20"' century through import of buffaloes to arazil, Trinidad and Argentina from Asia, 
Europe and Egypt. It was in 1890 that some political immigrants brought a group of swamp 



Carabao buffaloes to Brazil by ship for the first time. Several years later, some Mediterranean 
buffaloes were imported from Italy and crossed with the Carabao buffaloes (Neto, 1985, Cabrera, 
1988, 1991). A number of officially registered and illegal imports took place in the 20th century, 
resulting in the introduction of buffaloes of the Murrah, Jafarabadi and Mediterranean breeds as 
wel! as swamp buffaloes. 

The water buffalo introduction into Trinidad started during the period 1903 to 1906, when 
buffaloes of the Indian breeds Nili, Ravi, Jafarabadi, Surti and Nagpuri were brought along by the 
settiers (aalaine, 1988). New imports took place in 1924, 1939 and some from India until 1949 
(Cabrera, 1991), thus introducing the Murrah breed as well. 

Mediterranean buffaloes from Brazil, Italy and Romania were imported to Argentina during the 
period 1900 to 1920, but interest in buffaloes was lost shortly afterwards (Zava, 1987; 1991 ). 
They were thereafter completely neglected. In the past 3 to 4 decades, water buffalo introductions 
took place in other countries as well. It has been most intensive in Venezuela, where buffaloes 
were imported from Trinidad from 1966 to 1972, from Italy in the 70's and 2 1 13 buffaloes from 
Bulgaria from 1976 to 1992. Buffalo breeds raised in Trinidad and Brazil and lately, those in 
Venezuela are used as the genetic source for introductions into the remaining Latin American 
countries. 

Buffalo Breeds 

Mediterranean region 

For many centuries, only Mediterranean buffaloes have been bred in Europe. The Mediterranean 
buffaloes raised in the different countries are similar in body conformation but belong to different 
types that have arisen as a result of the influence of different environmental conditions. Buffaloes 
in Albania, Greece and former Yugoslavia are of small size and are used as triple purpose 
animals for draft, meat and milk. Romanian buffaloes are bigger and are used both for milk and 
meat, as well as for drafi in some areas. The best Mediterranean buffalo population is located in 
Italy. As a result of the intensive selection during the last four decades, the buffalo cows of this 
population are presently of big size and good body conformation of the dairy type. They are 
raised only for milk, while their meat production capacity is underutilized. 

Bulgaria is the only country in Europe where the Bulgarian Murrah is bred. They have been 
evolved through up grading of the domestic Mediterranean buffalo with the Indian Murrah breed. 
Bulgarian Murrah is considerably different from the Mediterranean buffalo, by type and body 
conformation. It possesses high milk productivity, good growth capacity and excellent 
acclimatization ability in a range of climates. Mediterranean buffaloes (of Romanian and Italian 
origin) and the Bulgarian Murrah are raised on the newly established buffalo farms in the other 
European countries. Currently, the Italian Mediterranean buffalo and Bulgarian Murrah are used 
as a genetic resource for the development of buffalo breeding in a range of countries. 

The baffaloes, raised in Egypt (Abdel Aziz, 1988) are of the same breed, with two genetically 
similar types, namely '%aidin bred in South Egypt and "Beheri" in North Egypt. The "Beheri" 
type is bigger, gray in colour and higher in milk yield. The Egyptian buffalo is a multi-purpose 
animal, used mainly for milk, meat and additionally as a draught animal in some regions. 
Recently, some authors have tended to classify the Egyptian buffalo as the Mediterranean breed. 
However, this cannot be accepted, because this buffalo, though it is raised in a country bordering 
the Mediterranean region, is completely different in type and conformation, from the 
Mediterranean breed raised in the European countries. 
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Latin America 

Buffalo populations in batin American countries are quite variable by breed composition. They 
include both swamp buffaloes of different origin and buffaloes of the most famous breeds of the 
river type water buffaio and a large number of their crosses. In Trinidad, buf:aloes of the 
Bufalypso breed are raised. This is a "synthetic" buffalo meat breed created in the period 1949 to 
1960, by crossing river type water buffalo breeds, imported to Trinidad from the Indian 
subcontinent such as Surti, Nili, Ravi, Jafz-abz-di, Nagpuri, Bhadawari and Murrah. It has well 
expressed body forms, characteristic of the meat type animals, with a very good growth rate and 
fattening ability. Howe~er ,  the breed is not well established and stabilized by type, conformation 
and production as yet. Along with the good meat qualities, it is also characterized ~y higher milk 
yields compared to the swamp buffalo. Some individual animals with higher idurrah, Nili-Ravi or 
Jafarabadi blood levels can even be milked. The Bl_;falypso breed has become a genetic resource 
for introduction of the water buffalo into 14 c o u ~ ~ r i e s  and has widely spread to the whole of the 
American continent. 

In Brazil, three large populations of the river ~ j 9 e  water juffalo, i.e. Murrah, JafarabaGi a ~ d  the 
Mediterranean, have been formed by pure breeding ancl up-grading of the imported buffaloes and 
a fourth population of swamp buffaloes by purebred selection. 

The Bulgarian Murrah is used as a major breed improver in Venezuela. In this country, a new 
dairy population of buffaloes of the Bulgarian itlurrah ty?e is being developed by expanded 
reproduction of buffaloes imported from Bulgaria and by inte-sive crossing with domestic 
buffaloes of the Mediterranean type and Bufalypso. Along with this, the breeding of the domestic 
population, including swamp type buffaloes and different crosses of unidentified breeds 
continues. In Argentina, Murrah, Jafarabadi and Mediterranean buffaloes and their crosses are 
maintained (Balaine, 1988; Zava, 1991). In the remaining cous'.ries; buffaloes of the swamp and 
river type and their crosses are raised. 

Technology of Managemeni 

Mediterranean region 

Europe 

The systenis of buffalo management depend on the purposes for which these animals are kept and 
on the prevailing conditions in the countries concerned. In Albania, Greece, former 'r'ugoslavia 
and Romania, Mediterranean buffaloes are raised extensively by the traditional methods applied 
for ages. From early spring to late autumn they are raised on pastures close to rivers, marshes and 
lakes. In winter, they are kept in primitive barns and sheds, f3d roughage and low quality feed 
(chaff, corn stalks, low quality hay, wastes firon? otker animals feed, etc.) and even corn silage in 
some cases. Milking is done by hand, part of the milk being sucked by the buffalo calves. There 
were cooperative and state farms' of different sizes in Romania. In the past, buffalo cows were 
raised under combined barn-and-pasture conditicns for the production of milk and meat only. 
Machine milking and artificial insemination were applied in those farms. Fowever, they were 
eliminated after 1990 and currently buffaloes are ~aised in the villages under the traditional 
methods. 

In Bulgaria, buffaloes are raised in two different ways, either by the traditional methoa on private 
farms or under commercial conditions. On the private farms, buffaloes are kept under domestic 
rural cond~tions together with the calves. They are hand-milked twice a day but marly farmers use 
machine milking. During the winter, the buffaloes are kept i;; sheds and are fed different kinds of 
roughage. In addition, they are given concentrate mixtures that are mixed with cut and scalded 



straw or with cut beet. During the summer, the buffaloes graze all day and in the evening they 
come back to spend the night in the shed. In the past, there was a large number of social farms in 
Bulgaria. Buffaloes were raised in industrial complexes with a capacity to maintain 250 to 500 
buffalo cows. These complexes used modern management technologies under full mechanization 
of all production processes. 

Following the transition of the political system and the social and economic changes that took 
place iifter 1989, almost all social farms were closed down and the buffaloes were returned to 
their former owners, Now, there are only a few of these farms left with a reduced capacity. The 
establ;shment of new private buffalo farms, of smaller size has commenced. In the recent years. a 
!arge number of such f a m s  were created with a capacity to maintain 20 to 150 buffaloes where 
machine milking is practised and buffaloes are raised only for milk and meat. The production of 
~cologically pure buffalo milk and meat delicacies has been started. The Association of Buffalo 
Breeders was created in Bulgaria, which stimulates the development of buffalo breeding in 
Bulgaria. 

Buffaio breeding in Italy dnderwent a major development during the last five decades and the 
size of the buffalo population increased by about 12 times during this period. Presently, this 
formerly neglected animal is spreading throughout the countly. Italy is now a country with a 
modern and strongly developed buffalo industry. Buffaloes are raised in commercial conditions 
only for milk production, the meat capacity being underestimated and poorly utilized. Buffalo 
raising is economically efficient because the buffalo breeders sell all the buffalo milk to the dairy 
plants for processing into different dairy delicacies, mainly the world famous Italian "Mozzarella 
di buffala". Buffalo milk production is designed to meet to the requirements of the dairy industry, 
which imposes seasonal purchase prices, with highest price being offered during the summer 
season. 

The buffaloes are raised mainly in free groups in semi-open type barns or in yards with a shed 
over the feeding coridors, but closed barns with yards are also used. Nutrition varies with the 
forage capacity of the farms. The big farms feed mono-rations prepared with silage, hay or straw 
and concentrates that are distributed mechanically by "UNIFEED". Buffalo cows are milked 
twice a day in milking parlours but many farms milk once a day (Matassino, ef al., 1993; AIA, 
1997). Different systems have been adapted for buffalo calf management during the suckling 
period. On most of the large farms, they are raised in single cages in the open, under a shed or in 
barns. Usually, buffalo calves are fed warm milk prepared from evaporated cow milk powder and 
trained to eat hay, concentrates and silage. Lately, the feeding of acidified milk replacers have 
oeen increasingly practised. On some farms, buffalo calves are suckled by "nurse" buffalo cows 
or cows. 

Buffaloes i? Egypt ars raised predominantly by small farmers, who keep several animals on small 
plots of land. Of the total number of buffaloes in the country, 85.0% are raised by small holders 
possessing up to 3 buffaloes, 6.8% with 4-6 buffaloes, 3.0 % by medium holders with 7-10 
buffaloes, 0.7% on the commercial farms with 10-30 buffaloes and only 1 .O% on the intensive: 
farms with over 100 buffaloes. The balance (3.0%) are located in the state farms. Three 
categories of buffalo production systems are applied in the country; the traditional, commercial 
and intensive systems. The traditional system is used by small holders, where animal housing and 
management is generally poor. The other production systems have been developed during the last 
two decades (-dousseff, et a!, 1997). 

Temporary herds of lactation buffalo cows are raised close to the big cities for intensive buffalo 
milk production. There are large buffalo farms with dairies, where the entire quantity of milk 
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produced is processed and offered on the market as sour buffalo milk anc, other dairy products. 
There are also large specialized farms for intensive fattening of young buffaloes in the country 
for the production of buffalo meat. The feeding pattern of buffaloes in Egypt :s subject to a great 
extent to the seasonality of forage and crop production. There are two systems of buffalo feeding, 
winter and summer feeding systems. Predominantly, berseem (green and hay) is fed with rice 
straw and minimum concentrates for producing buffalo cows (Yousseff, et al., 1977). 

Latin America 

The importance of the buffalo as a source of animal protein for human nutrition was re-evaluated 
in Latin American countries in the recent decades. People have come to the understanding that 
this is an underutilized resource for the production of meat anc milk, especially in t ~ e  regions 
unsuitable for cattle. Presently, buffaloes are raised mainly on infertile and marshy areas in these 
countries. 

In Brazil, buffaloes are raised mainly for the production of meat aac lately for milk as well, under 
the prevailing extensive management system. At the same time, buffaloes are successfully used 
also as draught animals on some small farms located in marshy and highland areas, where 
mechanization is not possible to apply. There are different buffalo management and utilization 
systems in the country due to the various climatic and economic conditions in the separate 
regions. Pasture systems prevail, where buffaloes graze in herds, distributed by age. M'lking of 
buffalo cows is done mainly by hand in the presence of the buffalo calves. In the southern parts 
of the country, buffalo calves suckle their dams up to about 6 to 7 months of age. Later, they are 
weaned and the male and female buffalo calves are raised separately. Male buffalo calves are 
castrated and fattened on pasture up to 480-500 kg body weight. Female buffalo calves are raised 
on separate pasture land and are fertilized by natural mating with a buffalo bull after 2 years of 
age (Neto, 1985). 

Venezuela has excellent natural and climatic conditions for buffalo breeding and the county is 
called a "I3uffalo Paradise". Buffaloes in this country are x e d  for the production of meat and 
milk only. They belong mainly to large landhnlders, who raise them in large herds on pasture in 
marshy and infertile areas that are not suitable .or cattle. The original purpose for the buffalo was 
for meat production on pasture, but this is now a developed industry. However, dairy buffalo 
breeding has been quickly expanding during the last two decades. The buffalo in Venezuela has 
already demonstrated its superiority compared to cattle in its ability to adapt to differen: 
management systems, that vary from systems that combine barn and pasture feeding in San 
Fernando to the extensive management systems in the other areas of the countryr It has proved to 
be an important source of milk and meat for the country. 

The hacienda "La Guanota" at San Fernando de Apure, a private sector farm has the largest 
number of  buffaloes. On a territory of 20,000 hectares, 10,000 buffdoes of Bulgarian Murrah and 
its crosses are raised. "Closed" cycle of buffalo production is applied hers. Young animals are 
grown wholly on pasture. The buffalo cows are kept in modern barns under a cc:nbined barn 2nd 
pasture system of management and adequate nutrition. Milking is mechanized and takes place in 
a milking parlour. The entire quantity of buffalo milk produced is processed at a modern dairy 
into three delicatessen dairy products. Along with the manufzcture of dairy products, young 
buffalo calves are fattened on pasture for meat production. This hacienda produces elite breeding 
material for the needs of the country and for export to Colombia. 

Genetic Improvement 

In the last two decades, there have been serious practical steps that have been taken for the 
genetic improvement of dairy characteristics of the different buffalo br$eds and national buffalo 
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populations, in some countries. For this purpose and depending on the specific conditions in the 
respective country, two main breeding methods are used, namely purebred selection and crossing. 

Mediterranean region 

Pure breeding is practised in all countries of the region, but Bulgaria and Italy have developed 
national breeding programs for buffalo genetic improvement for milk. For the first time, the 
principles of population genetics developed in Bulgaria (Alexiev, 1979, 1992, 1998), used in the 
modern cattle selection programs were also applied to buffalo breeding in the Modern Program 
for Genetic Imprcvement of the BuIgarian Murrah. The same principles were also used for the 
development of the new Pakistani Program for River Buffalo Genetic Improvement (Asghar, et 
al., 1993). 

The Bulgarian National System, which is the basis for the genetic improvement of the Bulgarian 
Murrah, ineludes the following: 

- Organizational structure of the buffalo population of two breeding units: active and 
passive. 

- Milk and reproduction recording of buffalo cows of the active breeding unit. The 
information is computer processed 

- Selection of hull dams. 
- Progeny testing of the bulls under field conditions. 
- Artificial insemination with deep-frozen semen. 

Presently, the breeding policy is implemented by the newly created National Association of 
Buffalo Breeders in Bulgaria. In Italy, a number of selection activities have taken place in the last 
few decades, as a result of which &ilk productivity of the Italian Mediterranean buffalo increased 
considerably. The selection process is based on perfectly organized milk recording of buffalo 
cows, which is expanding every year. In 1996 (AIA, 1996), the milk recording system covered a 
total of 247 buffalo farms in 31 provinces. The total registered milk recording information, 
collected once a month, is processed at the National Computer Centre. The BME (Mature Buffalo 
Equivalent Production) index is calculated for each cow for milk yield, fat and protein. The milk 
recording results are efficiently used by the farmers in the practical selection of animals for 
replacement (females and bulls) in their own herds. 

There has been a scheme for field progeny testing of buffalo bulls implemented in the country 
since 1986 for traits of milk productivity (Mozzarella cheese, milk, fat %, protein %, butter fat 
and milk protein yield). The introduction of artificial insemination with deep-frozen semen was 
begun but its acceptance encountered some difficulties. On many of the large farms, buffaloes are 
fertilized mainly by natural mating with bulls, and artificial insemination is avoided. According 
to Capasso et al. (1997), the current low use of artificial insemination has a negative influence on 
genetic improvement of the Italian buffalo population. For this reason, a Selection Experimental 
Scheme has been developed lateiy, based on a closed nucleus of farms and on the application of 
Ovum Pick Up (OPU) and in v i m  Embryo Production (IVEP) techniques. 

In Egypt, where about 95% of the buffaloes are located on the small rural farms, natural service is 
applied. There is limited application o f  some selection activities in the remaining part of the 
buffalo population. A1 centers have been established to promote the implementation of artificial 
insemination with deep-frozen semen from purebred Egyptian bulls. Milk recording is limited 
and applied mainly on some state farms. Buffalo genetic research is carried out on the basis of 
this registered information. Abdel-Aziz (1993) points out that evaluation methods on 
"contemporz y comparisons" zre also used on a few farms where milk records are kept. 



Buffalo prodztctlon system; 

Latin America 

In Brazil, pure breeding is used for the maintenance and improvement of the four basic purebred 
populations that have been created, Murrah, Jafarabadi, the Mediterranean and the swamp 
buffalo. The river type buffaloes in the country are subject to -ilk recording, based on which the 
farmers effect selection in their own herds, organize a number of shows, etc. Performance testing 
and progeny testing of the bulls is limited and done mainly for experimental purposes. Recently, 
some of the farmers have started the application of contemporary selection schemes at farm level. 
Such a scheme is applied at the "Panorama" hacienda for the Mediterranean buffalo. Along with 
purebred selection, crossing between different breeds is also carried out in the country. On some 
farms, mainly crossbreeding for up-grading of the Med:te~anean buffalo with Murrah is 
practised. 

In Trinidad, within-breeding has been applied during the last 2-3 decades for the improvement of 
meat production of Bufalypso breed. Performance testing for growth rate is applied as well. In 
Argentina, the Argentine Buffalo Breeders Association has an important roie to play in the 
genetic improvement of imported buffaloes (Mediterranean, Murrah, Jafarabadi and crosses). It 
keeps an Official Register. Today, some 2,000 buffaloes appear in the Herd Book (Zava, 1997). 

In Venezuela, where the national buffalo population is of diverse breed composition, pure 
breeding is applied only in the Bulgarian Murrah population of several thousand buffaloes, 
located on several haciendas. In the remaining part of the diverse docestic population, up- 
grading by crossing with Bulgarian Murrah is applied on a wide scale. Carried away by the 
increase of buffalo numbers in the coun.try by erpended reproduction, buffalo breeders in 
Venezuela still do not take any serious selection measures for their genetic improvement. 
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Abstract: The qajority of the world buffalo population is in the Asia Pacific reglon. Most parts of this 
region are characterized by high rainfall resulting in high humidity while the ambient temperature is also 
high. Dairy production in this region is aimed at breeding cattle with s high milk yield. As selection within 
the local indigenous cattle population is a slow process, decisions 'nave been made to introduce high 
produc~ng European breeds either for use directly in production or to upgrade indigenous breeds. Therefore, 
at present the populations of cattle used in milk production in t h~s  region are mainly high producing Bos 
mdicus, Bos taurus or their crosses. 

The prevailing high ambient temperature in this region interferes with heat dissipation via non-evaporative 
cooling while high humidity interferes with evaporative cooling. Other contributory factors that adversely 
affect cattle production in the tropical region are poor quality coarse roughage, limited grain feeding and 
parasites. The buffalo plays an important role in milk and meat production in this region. They are 
traditionally considered to be able to digest coarse roughage better than the cattle. Buffaloes have a 
comparatively heavier full and empty total gut than in zebu cattle. Several researchers have recorded a 
slower rate of passage of digesta through the buffalo gut compared to Bos rndicus and Bos taurus cattle. 
Buffalo rumen also contains a higher dens~ty of total and ce!lulolytic microbia! popu!ation compared ta 
cattle. 'fhe greater volume of the gut of the buffalo may lead to a higher intake of roughage compared to 
cattle. 

The buffalo is a study draft animal that is well adapted to paddy farming because its legs withstand 
continual wet conditions better than cattle, The animal is becoming popular as a meat animal as its meat is 
leaner than beef of neat cattle. Comparative heat tolerance studies have revealed that the buffalo can thrive 
in hot humid conditions better than Bos taurus. The dark and naked skin of the buffalo enables it to lose 
heat directly to water by wallowing. They also have a higher cutaneous evaporation rate although they are 
known to have a lesser number of sweat glands. A higher water turn-over recorded in the buffalo during wet 
seasons may be due to the higher intake of grass containing a higher percentage of water. All these 
physiological features make the buffalo a uniquely adapted animal to the hot humid tropics. 

Keywords: Heat tolerance, humid tropics, buffalo, wallowing. 

Introduction 

The total numbers of  cattle and buffaloes, in Asia Pacific region are 399.8 and 133.5 millions 
respectively, and the total cattle and buffalo populations in the world are 1277.7 and 138.4 
millioris respectively (FAO, 1988). This shows that almost all o f  the buffalo population in the 
world is restricted to  Asia Pacific region. This region, which mainly experiences warm climatic 
conditions, is  the belt around the earth lying between latitudes 30" North and 30' South, which 
includes the tropics. The climate in this region is not uniform. However, the tropical climate 
exhibits certain common characteristics. Most parts of this region are characterized by high 
rainfall resulting in high humidity. Except in the extremely dry areas, the daily and seasonal 
temperature variations are relatively small, being least at the equator. The average milk yield and 
growth rate of cattle in the lower elevations of this region are poor, being 10-25% of the standards 
~t northern latitudes (McDowell, 1972). 

A high level of anima: production is desirable in the tropics, in order to  supply the requirement of 
proteins with high biological value for the rapidly growing population. Selection within the 
tropical indigenous breeds is a slow process (Barker, 1975). This led to  importation of high 
producing cattle from the developed countries, either for use directly in production or  to upgrade 
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indigenous breeds. Therefore, the populations of cattle used in milk production in this region are 
mainly high producing Bos indieus cattle or crosses of Bos indicus and Bus tawus cattle. On the 
other hand, the buffalo plays an important role in milk production in this region, especially the 
high producing indian breeds such as Murrah, Surti and Nilli Ravi. 

Climatic Conditions in Asia-Pacific Region 

Although it is very difficult to define a typical tropical climate, the climate in Asia Pacific region 
is characterised by high ambient temperature and high relative humidity that interfere with heat 
dissipation by decreasing sonduction, convection and radiation (Williamson and Payne, 1978). In 
these situations, cutaneous and respiratory evaporation plays a major role in heat dissipation in 
cattle (McLean, 19C3). However, high humidity that prevails during the major part of the day 
hinders heat dissipa~ion by evaporative cooling. Other contributory factors that could adversely 
affect cattle production in the tropical region are the poor quality coarse roughage, limited grai- 
feeding and parasitic infestations. 

This review, therefore, is aimed at comparing the physiology of cattle and buffaloes with special 
reference to heat tolerance and their ability to digest coarse roughage. Buffaloes are traditionally 
considered to be able to digest coarse roughage better than the cattle. The following scientific 
information supports this view. 

Anatomical and Physiological Differences in the Gut of Buffalo and Cattle 

Table 1 .  Comparative studies on intake and in vivo digestibility in buffaloes and cattle 

Digestibility (%) 

Cattle Swamp buffaloes Reference 

Guinea grass 
Dry matter 53.8 
Crude fibre 60.8 

Napier grass 
Dry matter 59.7 
Crude fibre 63.5 

Enkiled rice straw and 
water hyacinth with urea 
Dry matter 54.1 
Crude protein 29.9 
ADF 50.7 

Sweet corn stalk 
Dry matter 59.8 
Crude protein 58.3 
A DF 5 1.8 

58.8 Johnson et a1 (1967) 
56.0 

6 1.5 Escano e: a[. ', 1 969) 
66.1 

54.7 Wallavat et al. (1 985) 
32.8 
50.4 

58.6 Cheva-Isarakul and 
54.2 Cheva-Isarakul (I  984) 
49.9 

Moran and Wood (1982) have recorded that the comparative full and empty total g ~ 4  weight is 
higher in buffaloes than in zebu cattle. The weight of the omasum and area of the internal laminae 
appeared to be smaller in Brahman cattle than in the buffalo and British cattle (McSweeney, 
1988). Rana and Langhar (1920) measured rumen fluid dilution and outflow rates under simi'lar 
dietary and management practices in buffalo and cattle. They concluded that on equal body 
weight basis buffabes had a significantly higher rumen fluid volume and lower outflow rates than 
cattle. Homma (1 994) also recorded a slower rate of rumen liquid turn-over in swamp buffaloes 
than in Holstein cattle. In a study to measure the rate of passage of stained straw particles through 
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the gut over a period of 24h, Jaffar and Malik (1996) have found that the percentage of particles 
excreted by Nilli Ravi buffalo, Sahiwal and Holstein x Sahiwal cattle were 17.8, 81.3 and 59.8 
respectively. Bhattacharyya and Mullick (1985) have recorded that the interval between primary 
waves of the reticulo-rumen of buffalo was significantly longer than in zebu cattle. However, the 
interval between the secondary waves in two species showed no significant difference. 

It can be concluded from the above evidence that the greater volume of gut in the buffalo may 
lead to a higher intake of roughage compared to cattle. Also the lower frequency of rumen 
movenients in the buffalo causes a slower rate of passage of feed in the rumen, which may allow 
microbes to mix and digest the food particles over a longer period of time. 

Characteristics of Rumen Microbial Populations in Buffalo and Cattle 

Marked differences in microbial populations between buffaloes and cattle have been recorded in 
literature by several investigators. Several reports have shown that the density of the rumen 
microbial population in the buffalo was higher compared to cattle (Langar, 1968; Pant and Roy, 
1970). Wattanacharanta et al. (1989) found that the total cellulolytic bacterial counts were 
9.77x109/ml and 7.50~10~1ml in swamp buffalo and cattle respectively. In another study, Chhabra 
et al. ( 1999) also found a higer total ruminal bacterial count in buffdlo than in cattle. They also 
recorded a two-fold increase in the cellulolytic bacterial count in buffaloes than in cattle, 

Table I represents a summary of some of the in vivo studies carried out to compare digestibility in 
buffaloes and cattle. A number of in vivo and ixl vitro studies have shown that both the swamp and 
water buffalo possess a greater ability to digest dry matter and celiulotic material compared to 
cattle (Ichhponai el al,, 1962; Krishna and Pradhan, 1984; Wanapat, 1984; Wanapat and 
Wachirapakorn, 1986). Devendra (1 983 and 1987) reported that water buffaloes show a greater 
ability to utilize nitrogen than cwle. Buffaloes also have been shown to retain more nitrogen than 
zebu cattle (Devendra, 1985). Norton et al. (1979) reported that buffaloes had a greater ability to 
synthesize urea than cattle when fed poor quality roughage. The above studies confirm the 
superior ability of the buffalo compared to cattle in digesting the poor quality fibrous material that 
is very often available in the tropics. 

Comparative Tolerance of Heat by Buffaloes and Cattle 

As the difference between the ambient temperature and the skin temperature is minimal in 
domestic ruminants in the tropics during most parts of the day, dissipation of heat through 
insensible heat lass is ineffective, Thereforere, animals will depend on evaporative heat loss 
through the skin to maintain heat balance. Several studies have shown that buffaloes have a lower 
ability to stand hot humid conditions compared to zebu cattle (Moran, 1973; MullEck, 1960). 
However, buffaloes have been reported to be less affected by hot humid conditions than Bus 
tauvus cattle (Chikamune, 1986; Mostageer et al, 1974). In a series of studies carried out to 
investigate comparative heat tolerance of 30s indiczts, BOS tawus and Murrah buffalo, Bus taurus 
cattle consistently recorded the highest increase in rectal temperature, respiration ra!e and pulse 
rate when exposed to high air temperature and humidity (Tables'2 and 3). Murrah buffaloes were 
affected to a lesser extent while the effects on zebu cattle were minimal (Rajaratne et al., 1983). 

In our studies, we have found that the buffalo possesses a higher rate of citaneoils evaporation 
compared to Bos indieus cattle, and that Bos taurus cattle recorded the lowest cutaneous 
evaporation, Several reports show that the buffalo has a comparatively fewer density of sweat 
glands than cattle (Hafez et a!., 1955; Jenkinson and Nay, 1975; Saravanakumar and Thiagarajan, 
1992). It is possible that cutaneous perspiration is higher in the buffalo, but this is not true 
sweating, Whatever the source may be, our studies have revealed that cutaneous evaporation is an 
important means of heat dissipation in buffaloes (Rajaratne et al., 1983, Tilakaratne et al., 1983). 
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Table 2. Mean 
evaporation rate 
temperature 25.1 
26.2 OZ) seasons. 

values of rectal temperature, skin temperature, pulse rate, respiration rate and cutaneous 
of Murrab buffalo, 30s rndicus and Bos taurus at 0700h during wet (W, ambient 
OC) , dry ( D ,  ambient temperature 2 1 .1 OC) and intermonsoo- ( I M ,  ambient temperature 

- 
Rectal temperature (OC) Skin temperature fOC) 

-- 

IM D W IM D W 

Murrah BufYalc. 38.4 37.8 38.5 33.7 31.1 30.5 

Bos indicus 38.8 38.7 39.1 32.5 30.7 30.1 

Bos tuurus 39.0 39.1 38.9 33.8 30.1 31.0 ' 

Cutaneous Evaporation 
Grams of ~ ~ ~ / m ' / h  

Murrah Buffalo 2 1 20 2 1 346 277 479 

Bos i n d ~ c u ~  2 ,  19 20 281 238 268 

Bos tc1uru.s 33 46 3 1 160 185 169 

Table 3. Mean values of rectal temperature, skin tempe-ature, pulse rate, respiration rate and cutareous 
evaporation rate of Murrah buffalo, 30s rndicus anc? Bos taurus at 1200h during wet (W, ambient 
temperature 26.2 "C) , dry (Z. ambient temperature 30.0 O C )  and intermonsoon (IM, ambient temperature 
26.2 OC) seasons. 

Rectal temperature (OCC) Skin temperature ('C) 

Murrah Buffalo 40.1' 39.7" 38.8' 

Bos mdicus 39.4' 39.3 " 49.3 

30s taurus 42.0" 40.7Y 40.0" 

Respirationslmin 

IM D W 

Buffalo 100" 79' 29" 

30s lndrcus 57' 3Oy 2.5' 

Cutaneous Evaporation 
(grams of ~ ~ 0 / m " h )  

IM D W 

506" 415' 509" 

464" 437' 391 

Bos taurus ;27" 95" 73Y 216Y 20gy 237" 

Means bearing dissimilar superscripts are sign~ficantly (pC0.05) different. 
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The highly pigmented skin of the buffalo, compared to that of the other two groups of cattle in our 
studies, would generally be expected to absorb mare solar radiation resulting in a higher skin 
temperature. However, buffalo recorded lower skin temperatures compared to Bos taurus, 
although the differences were found to be statistically significant only in a few instances. 
Interference with heat loss caused by the relatively thicker hair coat of temperate cattle and the 
cooling effect on the buffalo skin brought about both through wallowing and through greater 
cutaneous evaporation may have been responsible for this result. The naked pigmented skin of 
buffaloes is a remarkable adaptation to the tropical environment. The pigments prevent entry of 
ultra violet radiation through the skin. The absence of hair on the skin provides a considerable 
advantage in losing heat by wallowing. This also allows the formulation of management practices 
to alleviate heat stress in buffaloes compared to the other hairy cousins of the family Bovidae. A 
large number of studies have been carried out to investigate methods of alleviating heat by either 
preventing exposure of animals to solar radiation or facilitating heat loss through the skin of 
buffaloes (Chikamunae and Shimizu. 1 985; Perera and Perera, 1996; Rajaratile and Ranawana, 
1996). However, the best method would be to allow them to wallow if facilities are available. In a 
grazing behaviour study carried out in the dry zone of Sri Lanka to compare the comparative 
adaptability of Lankan buffaloes with Surti and Murrah, it was found that on average, buffaloes 
were able to reduce the rectal temperature by 4°C after a 10- 15 minute wallow, following grazing 
for an hour f Ranawana et al,, 1982). 

Table 4 represents the results of a study carried out to compare water turn-aver rates in Murrah 
buffalo, Bas ind~cus and Bos taurus. These studies on body water content and water turn-over rate 
has revealed superi~r ability of buffaloes to handle roughage containing a higher water content 
that is present in most of the wet tropics in major part of the year (Rajaratne, 1985; Ranawana el 
al, 1982). This makes the buffalo a better adapted animal to the wet tropics compared to Bos 
indicus or Bos taurus. Although Bos indieus seems to cope with heat stress better than buffalo, 
their poor ability to consume large quantities of grass containing higher water content makes them 
less adapted to the conditions prevailing in wet tropics. We recorded loss of body weight by Bos 
indieus during wet seasons in the mid country of Sri Lanka. 

Table 1. Daily turn-over of body water in Bubalus hubaiis, Bos indicus and Bos tuurus during three 
seasons (Inter monsoon, dry and monsoon) of the year in Sri Lanka. 

Water turn-over (milkgob8* body weightlday) 
Bubalus bubalis Bos rndicus Bos taurus 

inter monsoon a430' b333 "41 1 
Drv "3 7 9 ~  '319 "414 
Monsoor '463 " b31 1 a41 1 

Means bearing dtssimzlar superscripts are ~ign$cant(v (p<O.05$ ufferent 

The dark naked skin has given buffalo the ability to lose heat direct to water by wallowing. In this 
respect, the buffalo is only comparable to the elephant, rhinoceros and water hog. Its ability to 
consume large quantities of grass containing a high water content makes it adapted to climatic 
conditions with the high rainfall that prevails in most parts of the wet tropics. Several studies have 
shown that the threshold of body temperature for the initiation of respiratory cooling in the 
buffalo is far above the normal body temperature (Chikamune et al,, 1987; Rajaratne et al, 1985; 
Rajaratne and Ranawana, 1996). This reveals the character of thermolability of the buffalo that is 
another unique physiological feature among all the domestic animals that are used in Asia Pacific 
region. On the other hand, some of our studies on dehydration of buffaloes have revealed that they 
can stand dehydration by reducing the faecal water output. All these evidences point to the buffalo 
as a better adapted animal than Bos indicus or Bos taurus to wet tropics. 
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Review of Buffalo Production Systems 

Discussion 

Q. Oswin Perera - We saw a wide variation in the fat content of milk in the same breeds 
between countries, Is this in any way related to the yield of the animals? 

A. S. K. Ranjhan - The variation will depend on the genetic make-up as well as the yield. In 
the Murrah, the fat content may vary from 7 to 10 percent. If the yield is low the fat content will 
be higher and if the yield is high the fat content will be lower. It also depends on the total 
lactation period and this is related to the genetic make-up of the animal. 

A. J. A. de S. Siriwardene - I agree with Dr. Ranjhan. Both genetic and environmental 
factors have an influence. You will recall from the information presented that the Mediterranean 
crossbreds show a remarkable improvement both in body size and the ability to sustain a high 
level of milk production. This cannot be due only to the genetic effect, but due of a combination 
of the factors involved. I was particularly impressed with the results achieved in the 3-way 
crossbreeding programme experiment carried out in China, where they used the Murrah and Nili- 
Ravi on the local buffalo. The substantial improvement in production achieved I believe had more 
to do with the genetic influence. 

Q. 0. P. Danda - I have two questions. The first is, whether you got any data on the effect on 
weaning, because these animals do not respond well to weaning. The second is whether you have 
any information on the sexual behaviour in these animals. In our region they are known to 
~roduce silent heat and they are also seasonal breeders. 

A. A. Alexiev - In Latin America weaning is done at 6 months of age and In Europe calves 
are allowed to suckle up to 3 months of age. We have problems both in Latin America and in 
Europe. About 70 percent of buffaloes do not show oestrus. This is the reason why A1 has not 
progressed well. Farmers prefer natural mating in Latin America. A1 is excellent in some herds 
where heat detection is made by parading bulls or with vasectomised bulls. In Europe, they use A1 
but tht:re are difficulties. If heat detection can be organised well, there is no problem with the use 
of AI. 

Q. S. S. E. Ranawana - They have been breeding buffaloes for several centuries. What was 
the purpose for which buffaloes were bred? 

A. A. Alexiev - During the early period, they were for draught, milk and meat, but during the 
last 4 decades crossbreeding with the Munah was connected with the development of the 
Bulgarian breed for milk ard meat only. We do not use buffaloes for draught or for transport 
purposes. 

Q. S. K. Ranjhan - I had the privilege to see the Buigarian buffaloes at Shournen. I have two 
questions. Murrah buffaloes that were imported were very small in number. My first question is 
did you encounter any breeding problems? The population of Mediterranean buffaloes that was 
reared by small farmers was 200,000. When you started to centralise your planning system, you 
applied a very high selection pressure on the 200,000 buffaloes and brought down the breeding 
population to 30,000, which were producing between 7 or 8 litres and above. So, precisely, the 
selection pressure that you applied on your Mediterranean buffaloes was as good as for milk 
production and meat production as the Murrah buffaloes that you imported from India. In the 
crosses that you got, the production was better because of the heterosis. My second question is, 
did you meet with any inbreeding problems in the Murrah herd which you imported from India 
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and when you did the cross-breeding between the Murrah and the Mediterranean, did you have 
heterosis in milk production or not. 

A. A. Alexiev - We had no inbreeding problems. These were high yieldi~g Mediterranean 
buffaloes. They were crossecl with the Murrah animals that were imported on two occasions. We 
used the heterosis very well. We are very satisfied that our Bulgarian Murrah have given higher 
milk yields in other countries than in Bulgaria. 

Q. A.N.F. Perera - You said that buffaloes are able to stay without water for 10 days. Is it 
water or is it dry matter? 

A. A.A.J. Rajaratne - No. It is water. I carried out an experiment where buffaloes were fed 
dry hay. They went on for 10 days without a drop of water, except for the water in the hay. 

Q. P. Skunmun - I would like to give my experience from experiments carried ou: in 
Thailand. We carried out a comparative study with beef and dairy cattle. Our conclusion was that 
buffaloes can use low quality roughage better under optimum feeding conditions. You mentioned 
only about the bacteria in the rumen. A group of Thai scientists found that the rumen of buffaloes 
not only had bacteria but also fungi at a higher concentration than beef or dairy cattle. When we 
ask farmers why they do not send buffaloes for grazing, they say it is very difficult to tend 
buffaloes compared to cattle. With cattle, they don't have to go back to the fields to give water, 
but with buffaloes they have to give water. 

A. A.A.J. Rajaratne - Our situation is different. We generally use buffaloes on muddy fields, 
In experin~ents carried out in the dry zone at Polonnaruwa, buffaloes ploughing on dry land 
showed an increase in rectal temperature by 2-3 degrees and during grazing the rectal temperature 
can go up by 3 - 4 degrees. We also found that wallowing for 10 to 15 min after grazing for 1 
hour can bring down to normal. This is the grazing behaviour of buffaloes under natural 
conditions. Buffaloes can tolerate an increase in rectal temperature to a certain extent without 
being effected too much, but this is not seen here. We do not use male buffaloes because they 
have too much testosterone. 

Q. A. Borghese - It is not always true that the digestion capacity is higher in the buffalo 
compared to the bovine, because it depends on the energyfibre ratio and depending on whlch 
breed of bovine you compare. 1n fact in my experience with Friesians, in the intensive system, the 
digestive capacity is higher in Friesians than in the buffalo. 

A. A.A.J. Rajaratne - I quite agree with you. It depends on the quality of the feed. I am 
speaking here about low quality grasses. 

Q. A. del Barrio - I would like to share with you my experience in the Philippines where we 
have the Carabao. We have some data on the digestive system of the crossbred betweer. the 
Carabao and Murrah. We slaughtered more than 50 animals and compared the weight of the 
empty runien of the Carabao and the crossbreds. It was shown that in the case of the native 
Carabao the empty weight of the rumen, in terms of body weight was higher when compa:ed to 
the crossbrgds. The crossbreds have a longer small intestine than the Carabao, which means thai 
they will respond more to supplementation. This is one of the reasons why the crossbreds 
responds better to supplementation than the native Carabao. 

A. S.S.E. Ranawana - The comparative advantage of buffaloes is not only that it can digest 
poor quality roughages, because of the larger rumen, but with slower movements and higher 
bacterial population. This advantage is not there when you feed good quality roughages. 
Secondly, I also want to say that because of the high rate of water turn-over, which means they 
can handle coarse material with a lot of water, which is the situation with a lot of forages around 
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Kandy. In that situation, neither the Zebu nor the Taurine cattle can handle poor quality material 
but the buffalo. 

Q. A.D.N. Chandrasiri - My question is to Dr. Thu. You mentioned that in Colombia, calves 
are weaned at one year and that the calving interval was also one year. Can you clarify that 
statement? 

A. N.V. Thu - One year is the maximum time for weaning. In Colombia, the male and 
female are maintained in the same herd and natural mating takes place. They want to deplete the 
herd and keep only the female calves. The calf follows the mother. They milk the cow and allow 
the calf to suckle the mother. The calf grows well and this brings in a big income. 

Q. B.M.A.Oswin Perera - During the one-year period, the calf is allowed restricted suckling 
at milking time and sometimes the calves are let out with the mother. Weaning should mean the 
removal of the calf as soon as calving takes place. That is the question, how does the farmer do 
weaning? 

Q. J.M. Seneviratne Banda - Do buffaloes need a dry period at the end of lactation? Some 
buffaloes do not experience a dry period. They continue to give milk until calving. This may be 
peculiar only to the buffalo. 

A. E.R.K. Perera - As long as you continue to milk the animal, it will produce milk. 
Providing a dry period to the buffalo is the responsibility of the farmer. The next lactation will be 
better and the animal will have a rest period to replenish the depleted body reserves. As field 
Veterinarians, it is better to advise farmers to give a rest period of at least 45 days or a maximum 
of 60 days. 

Q. M.R. Jainudeen - I have visited Darwin and seen buffaloes surviving with not water. So, 
how can you say that they have to dissipate their heat through water. They roll on the soil and 
dissipate their body heat. 

A. A.A.R. Rajaratne - Buffaloes in Darwin are those imported from Indonesia. I n  my view, if 
they are not high producers, by changing their grazing behaviour, for example by grazing during 
the night and resting during the day, they can survive. 

Q. M.R. Jainudeen - Then why is it that we call them water buffalo and not just buffalo 

A. A.A.J. Rajaratne - If you see buffaloes in Hambantota or in any arid area where there is 
only salt water, they do very well. In fact they are able to produce high quality milk although the 
produc;tion levels are low. 

Q. H. Makkar - Last week, we had a review meeting on one of our projects sponsored by 
IAEA where the counterparts compared buffaloes and cattle in terms of glomerular filtration rates. 
It was quite clea: that buffaloes have got significantly lower glomerular filtration rates. It will also 
mean that this will lead to a higher recycling of nitrogen to the rumen leading to better utilizatior. 
of low quality roughage. 

A. M.C.N. Jayasuriya - In fact, there was evidence to show that if you feed too mucr 
nitrogen, it will poison the buffalo. Experiments where the rumen system is completely optimised, 
this ammonia could lead into the blood stream and poison them. This came out at the same 
meeting referred to by Dr. Makkar. 
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Abstract: Euo.se and the Near East share only 3% of the world buffalo population, i.e. 4.9 million heads. 
Consisrent numbers of buffaloes are at present registered in three European co~ntries namely, Italy, 
Bulgarra, Romania, and 5 Near-Zastern countries namely, Egypt, Turkey, Azerbaijan, Iraq and Iran. In the 
last 15 years, a decrease in buffalo numbers occurred in most countries, except in Italy, Egypt and Iran. The 
decline is associated with three reasons. Holsteinisation of dairy cows, mechanisation and poor market 
demand for buffalo products. 

The main purpose of breeding of buffaloes in Europe and the Near East is for milk. Everywhere buffalo 
milk is sold at a higher price than cow milk. Milk utilisation is very variable. In all countries, except Italy, 
buffalo milk is used also for liquid consumption. In most countries, several typical cheeses are produced, 
the most vopular being the Italian Mozzarella. In Bulgaria, Iran and Egypt buffalo milk is used also for 
yoghurt production, but in Azerbaijan it is used only for 'ghee' production. Many farmers do their own 
processing of cheese and cream and they sell these products directly. Meat is considered a by-product 
everynhere and females are not slaughtered except at the end of their productive life. 

The buffalo is no more used for draught in any of the considered countries, except in Egypt and in some 
farms i n  Romania. The lactation length averages 260 days. The average lactation milk yield is 1600 kg. The 
milk fat content over the entire lactation period is over 8% in many countries. Artificial insemination is 
performed only on 0.1 % of buffaioes. The breeding goal is the genetic improvement of milk yield, but milk 
recording is at present done only on a small portion of the buffaloes. 

Keywords: Buffalo milk, yoghurt, Mozzarella, milk processing, milk products 

Buffalo Milk in Europe and the Near East 

Europe and the Near East share only 3% of the world buffalo population, i.e. 4.9 million heads. 
The share of buffaloes in the global population of bovine animals is 0.4% in Europe and 0.6% in 
the Near East, whereas in Asia the percentage is 34. Despite the low numbers compared to cattle, 
buffaloes still play an important role in the economy of many countries as milk producers. In fact, 
the or~ly breeding purp'ose of  buffaloes in Europe and the Near East is milk production. 
Everywhere buffalo milk is sold at a higher price than cow milk. Milk utilisation is very variable, 
and the major difference from Asian countries is that milk is seldom used for liquid consumption, 
unless there is a surplus after production of  butter, cream and cheese, Thus countries other than 
those iq Asia exploit this peculiarity at the best, i.e. the higher fat and protein contents. It was 
demonstrated that in cases where no special dairy products are made from buffalo milk, buffaloes 
have been replaced with dairy cows, as  cows are far more efficient in producing milk for liquid 
consutnption. In fact, in the last 15 years, a decrease in buffalo numbers occurred in many 
countries of Europe and the Near East (Bulgaria, Romania, Turkey, Syria, ~ a k e d o n i a ,  Iraq). The 
decline is associated with three reasons: Holsteinization of dairy cows, mechanisation and poor 
market demand of buffalo products. Holsteinization that occurred in Europe increased dairy 
production in cows by two to f o x  times that of buffaloes. Therefore buffaloes were substituted 
with liolstein where the environment allowed such substitution. Furthermore, mechanisation 
made the buffalo useless for field work and cart-pulling and cows milk came to be used in 
processing, specifically of many dairy products that did not require buffalo milk for processing, 
but could easily be produced also from cow milk. Buffalo numbers did not decrease, but 
s o ~ ~ e t i r n e s  even increased in areas where the market demand for buffalo dairy products is 
consistent, both in the form of fat products (cream and ghee) or special cheese. 
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Consistent numbers of buffaloes are at present registered only in three European countries, 
namely Italy, Bulgaria and Romania and also in five other countries, Egypt, Turkey, Azerbaijan, 
Iraq and .ran in the Near-East (Table 1 ) .  In Egypt, b~ffaloes number more than cattle. This makes 
this countty very different from the remaining countries considered here. The increasing market 
de -land for buffalo products resulted in an increase in buffalo numbers in Italy, Egypt and Iran. In 
Eastern Er~rope and Turkey, buffaloes were used in many cases for draught. With the advert oC 

more and more tractors, buffalo number decreased. In the Near Eastern countries, where dairy 
cows give a lower average milk yield or similar yields in buffaloes, a decline in buffaloes were 
not registered. In Egypt, they are still useful animals for draught. In Egypt, Iran and Azerbaijan, 
there exists a consumer preference for buffalo dairy Yroducts compared to dairy products fi-om 
cows. In Iran and Egypt, the increasing buffalo numbers seem to be associated with a global 
improvement of anima: production, because the increase affected cattle populations to the same 
extent. However, in Bulgaria and Turkey, besides the consistent reduction in buffaloes, a drastic 
reduction In cattle was also evident. 

Table 1 .  Buffalo and cattle populations in 1980 and in 1995 in Europe and the Near East 

Country Buffalo population Cattle popuLation 

ltary 
Romania 
Bulgaria 
Egypt 
Turkey 
1 rar 
l raq 
Syria 
Azerbaijan 
Georgia 

Europe 445,000' 4 1 0,000' 133,45 1,000' 106,469,000' 
Asia 1 18,076,000' 146,4 13,000' 

Sourceq. FAG Yearbook ( I )  or local stat~st~cs (2) 

The F A 0  Inter-regional Research Network on Buffalo for Europe and the Near Eas; 
(Buffalo Network) 

The I ta l ia~~ Animal Production Research Institute is the co-ordination centre of the F A 0  Buffalo 
Research Network. This network is part of the F A 0  European System of Co-operative Research 
Network i l l  Agriculture, which includes 13 networks, 6 of which have expanded to other regions 
than Europe. In 1992, F A 0  decided to grant funds +o establish a Buffalo Research Network for 
the countr~es where buffalo vesearch playec' a secondarj role compared to cattle. 

The Network has been active for severz' years and has succeeded in achieving the following 
goals (1) to create links between .?searchers of different countries in order to take advantage of 
each other's experience; (23 to promote the exchange of information and data on research 
concerning buffaloes; (3) to undertake collaborative research projects, facilitate documentation 
and organize j o i ~ t  meetirlgs and (4) to promote the exchange of scientists and technicians. Italy, 
Bulgaria, Egypt, Romania, Albania, Poland, Greece, Syria, Iraq, Iran, ~vlacedonia, Turkey, 
Azerbaijan and Hungary are members of the network, Through the" network meetings and 
exchanges, much information was collected on buffalo milk and utilization in Europe a'nd the 
Near East. 
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The International Committee for Animal Recording (ICAR) 

The Ititernational Committee for Animal Recording (ICAR) is a non-governmental, non-profit 
organisatjor concerned with the progress of animal recording worldwide on a solid scientific and 
technical basis in collaboration with other institutions. Members of ICAR are the recording 
organisations o l  any country wishing to adopt and implement standardised methods for animal 
recording. 

In 1996, the International Committee for Animal recording established a Working Group on 
Buffalo, composed of persons from research and recording organizations from India, Pakistan, 
Bulgaria, Egypt and Italy. Our institute coordinates the activities of this Working Group which is 
working towards making an approved International Agreement for the recording of milk 
performances in the buffalo. From surveys conducted by the group (Moioli, 1996), much 
knowledge was made available on buffalo milk productivity in the world and on the organization 
of milk recording systems for buffalo. Official milk recording in buffalo is performed in India 
(over 12,000 recorded buffalolyear), Pakistan, Egypt, Italy, Bulgaria, Romania, England, 
Azerbaijan, Iran and Nepal. In Bangladesh, Sri Lanka, Iraq, Turkey, China, the Philippines, 
Thailand and Syria, milk recording is performed only in one or few research or State herds. Table 
2 gives the average milk production data from various countries relating to the performance of 
officially milk recorded buffaloes. It is evident that the duration of lactation is variable, being 
longer (over 300 days) in the Asian countries, while it is below 270 days in the other countries. 
Productivity also is very variable, average differences reaching even 1000kg. It is obvious that 
milk production is highly affected by management, in particular by feeding conditions. 

The basic rules for milk recording are in force in every country: all buffaloes in the herd are 
recorded; milk yield is measured once a month at morning and evening milkings; lactation yield is 
calcu1;ited by summing the average of two consecutive tests multiplied by the number of days 
Setwccn tests; lactation duration varies between 270 and 305 days. Regular sampling fbr 
individual analysis of butterfat is performed in India, Pakistan, Italy, England, Bulgaria, Romania, 
Iran and Nepal. Data on p ro te i~  is recorded only in Italy, England and Bulgaria, indicating that 
most countries are more interested in fat products that are produced from buffalo milk rather than 
in cheese production. 

Production, Quality and Processing of Buffalo Milk 

Compared to cattle, buffalo milk is richer in butterfat and total solids. It has a lower cholesterol 
content and a higher tocopherol content. It is richer in calcium and phosphorous and less so in 
sodiilm and potassium. Peroxidase activity is 2-4 times higher, so that it can be preserved longer 
and beta-carotene is better transformed and thus milk looks whiter than cow milk. It can be 
consumed as liquid or processed into infinite types of products, either alone or mixed with milk of 
othsr livestock: fermented milks, butter, ghee, condensed and powder milk, cheeses. The 
following description refers to literature and surveys that we have conducted. If further details are 
required on the methods of processing buffalo dairy products, reference may be made to Renaud 
(1993; 15>6). 

Cheese and byproducts from cheese-processing plant 

Many farms do their own processing of cheese and cream and they sell their products directly. 
Table 3 summarizes the cheeses of the Mediterranean area by grouping them according to their 
origin and the different stages of their technology and types of classification. The most common 
classification of cheese is made according to the type of coagulation: either enzymatic coagulation 
(due to rennet), or acid coagulation (by natural acidification or lactic bacteria). All cheeses 
undergo a mixed coagulation (both acid and enzymatic) though in some of them, the acid 
coagulation is prevailing, while in others the enzymatic is prevailing. Most of the cheeses 
produced in the Mediterranean area belong to the acid-enzymatic category, meaning that the acid 
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coagulation is prevailing, which can be understood because milk is left to acidify before adding 
rennet and because coagulation times are long. Looking at Table 3, it is evident that the acid 
coagulation is prevailing in all cheeses. A general consideration is now necessary, because 
technologies are the result of many factors and must fit in with the overall conditions of each 
environment. Each technology is affected by climate, by the availability of animal or vegetable 
rennet ancl by the characteristics of raw milk, which is also affected by climate a+ sanitary 
conditions of the herds. The Italian buffalo cheese called Mozzarella originated in southern Italy, 
where temperatures are high and buffalo rearing systems were mainly based on pasture. Therefore 
the technology of this cheese had to adapt to a kind of milk that, on reaching the dairy plant, is 
already acidified. The same most likely occurs with most Mediterranean cneeses. 

In some cheeses, milk undergoes only a spontaneaous acidification (Domiati, Karish, Mish, 
Madhfoor. Alghab). In other cheeses, acidification is favoured by adding starters i.e. 1act:c 
bacteria c~lltures (Vladeasa, Beyaz peynerii) or natural whey cultures (Mozzarella). Starters are 
used also in cheeses where enzymatic coagulation prevails, in order to favour rennet activity in 
the processing stages that follow (White brine cheese, fresh cheese of Iraq, Braila). Table 3 
includes also other important aspects regarding the treatment cf milk before processing and 
peculiarities of the technology. 

Pasteurisation, i.e. heat treatment of milk with the purpose of killing pathogenic microbes and 
reducing the microflora that can damage and cause losses in the final product, is performed only 
in few cheeses (While brine cheese, Domiati, Braila, Vladeasa, Beyaz peyneri). Some cheeses are 
consumed fresh, i.e. after only few days of processing (Karish, Fresh cheese of Iraq, Mozzarella, 
Ricotta, Alghab), others are ripened and consumed even after several months. In this case, 
Mediterrat~ean countries adopted the very wise practice of preserving cheese in brine, so that they 
can guarantee an excellent conservation without expensive investments, such as refrigerators. In 
fact, ripening and preserving of cheese without refrigerators in hot climates, could not only 
damage cheese, but also be hazardous to health of the consumers and may cause considerable loss 
of the products. In one cheese (Mish), it was observed that acid buttermilk, skimmed milk and 
whey are added to the brine. 

In Table 3 ,  cheeses are also grouped according to water content. Soft cheese has a water content 
higher than 45%; semi-hard cheese from 40 to 45% and hard cheese below 40%. In Table 3 L few 
technological peculiarities are made evident. In Domiati and Akkawi cheese, salt is added to milk 
before processing. This practice is very common in Egypt and Syria, arising from the need to ado 
bacteriostatics to milk, in order to limit the spontaneous development microflora during 
processing. 

In two cheeses (Madhfoor in Iraq and Mozzarella in Italy) after the curd has been cut into pieces, 
the curd is left to acidify. Acidification is strictIj dependent on the temperature, because it is 
caused by lactic bacteria, which grow at the best at high temperatures. After acidification, in the 
case of Mozzarella, the curd which has reached a pH of 4.8-4.9, is stretched. Then, it is moulded. 
The stretching phase is typical of Mozzarella: no other buffalo cheese is produced in this way. 
The stretching phase includes several actions: hot water is poured on the curd while the curd is 
kneaded and stretched, Then the whey is removed and further hot water is added several times, 
while the Iteading and stretching continue. This technology phase is the crucial step in the making 
of Mozzarella and produces the typical stretched texture of the cheese. Stretching can be done 
either manually or mechanically. However, even in the bigger dairy plants, manual stretching is 
preferred because it improves both quality and yield of product. The stretching phase is important 
also because the hot water together with the curd acidity, help to improve sanitary conditions of 
the product. The following phase, the moulding into pieces of various weights (from 15 grams to 
500 grams) and shapes (egg-shaped or braided) can aalso be performed either narually or 
mechanically. During the stretching phase, either salt can be added or the moulded pieces csn be 
left in brine at 10-1 8% NaCl for a short time (from few minutes to few hours). Mozzarella is then 
preserved for a few days in acidified brine (2-3% NaCI). 
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Buffalo m ~ l k  processzng andproduct development 

Interesting byproducts from dairy plants are Ricotta (produced only in Italy) and similar products of 
Syria (Alkarish). They are made from the whey after the processing of cheese. I t  is surprising that in 
no other country are these byproducts exploited and the proteins are in whey (very rich in sulphurate 
amino-acids) are not utilised. It is possible to suppose either that the residual whey is too acid to let 
whey proteins to prec:pita!e or that, being too fresh and with iow acidity it is subject to change. 

Fermented milks 

Yoghurt is produced in Bulgaria, Romania and Albania, after pasteurization at 85-90 O C  for 30 
minutes, cooling at 40-42 "C, inoculation with Lactobacillus bulgaricus and Streptococcus 
therrnophilus, fermentation for 3-4 hours and further cooling at 4 OC. In the mentioned countries, 
yoghurt is produced from either buffalo, cow or sheep milk, 

In Egypt, Rayat is produced from natural acidification of raw milk during 73, hours, after the removal 
of cream, with no addition of bacteria. Zabadi is produced industrially, utilising the same processing 
technology as for yoghurt in the Balcans. Raha is the fermented milk of Yraq, produced either from 
whole or skimmed milk, after heating followed by cooling at 24-30 O C ,  for which it is possible to 
suppose that inoculation is done with mesofila bacteria. Laban or Khather are the fermented milks of 
Syria, procluced from milk after heating and acidification (either spontaneous or through thermophilic 
bacteria) at the incubation temperature of 40 'C. 

Creams 

Creams also show variability of production. In Egypt, Queshta Mosakhana is the floating cream 
removed after boiling milk. Gaymar in Iraq is obtained both from spontaneaous flozting or from 
spinning, in this case it is then pasteurized. In Italy, cream from buffalo milk is obtained after 
spinning; then it is pasteurized. After thermo-acid coagulation (citric acid) of cream, another dairy 
product is obtained, called Mascarpone. Quishada (product of Syria) is obtained from raw 0. boiled 
milk; sometimes this cream is heated to make it more concentrated. 

Butter and ghee 

Industrial butter is produced by churning of cream, often after pasteurization. The home-made prod~tct 
is obtained simply by churning acidified milk. A peculiarity of buffalo butter is the cor'our, which is 
much whiter that cow butter, due to the lack of carotenoids. Ghee is obtained by boiling Sutter. !t was 
very popular in Egypt and appreciated by the baking industry. In Azerbaijan, 'gbee' :s the only 
product obtained from buffalo milk. It is evident that dairy products of the Medite~anean area need to 
be more deeply studied. The variability of their technologisr: is in fact an importan+ ?art of global 
biodiversity. 

The Development of MozrareTia 

Among all Mediterranean cheeses, the Italian Mozzarella is the cheese which registers the highest 
level of production and forecasts indicate that production will increase in the future. The success of 
this cheese is correlated on the one hand to the consumer appreciation of this kind of cheese, 
including the three types, the whole buffalo milk Mozzarella, the mixed (buffalo-cow) and the whole 
cow milk Mozzarella and on :he other hand to the evolution of buffalo farming, In fact, the increasing 
demand of buffalo milk together with the surplus production of cow milk in all Europe, have moved 
buffalo farmers to increase buffalo milk ?reduction t5rougin the improvement of management and 
feeding conditions, as well as milk recording and selection of best breeding animals. In fact, in Italy, 
20% of the buffaloes are subject to officia: milk recording and genealogy registration. The average 
milk production of milk recordsd bvffaloes ir a standard lactation is over 2,000 kg milk and a good 
number exceeds 3,000 kg. Although the buffalo sector has started to develop only recently, relations 
between buffalo farmers, milk processers and scientist are very intense. IP, our Institute, research is 
conducted on the effects of nutritior or milk quality (Tripaldi et al., 1997), and further experiments 
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'ogether with private farmers are in course. Farmers themselves have promoted research. It was the 
farmers who requested that the sth World Buffalo Congress be held in Italy in 1997 in the area of 
origin of Italian buffalo and actively participated in the Congress technical sessions on milk 
production, nutrition, meat, breeding, pathology, reproduction and management at which 195 papers 
were presented (Borghese et al., 1997). 

During the past few years, consumption and market demand for fresh cheese like Mozzarella has 
increased considerably. In order to distinguish and protect the Mozzarella made from buffalo milk, 
buffalo milk producers have created an association that drafted official regulations for producing 
Buffalo Mozzarella cheese and succeeded in obtaining formal approval of the Italian Government 
which enacted two laws in 1979 and 1993. Briefly, the regulations state that the following 
requirement must be followed in order to qualify for the name "Buffalo Mozzarella" to be used, Only 
buffalo milk must be used, milk must originate from the areas where buffaloes have been raised for 
centuries and the peculiar technology of processing that has been performed for centuries in these 
areas must be used. 

Buffalo Mozmrella is different from the other types of Mozzarella in that it has a typical texture and a 
juicy consistency, apart from the special taste. Outside the original area of production (Naples and 
nearby provinces) Buffalo Mozzarella is considered a top quality product, to be consumed on special 
occasions. Thanks to the official stamp (green and red), printed on the wrapping paper, the buyer can 
immediately recognize Buffalo Mozzarella from other similar cheeses. Furthermore, the existence of 
approved rules as well as the special stamp permits detection and control of fraud. 

The efforts of buffalo milk processing plants have promoted the expansion of the demand for this 
cheese on international markets. Mozzarella is a component of a typical Italian Food, the Pizza, which 
is known and appreciated all over the world and the success of Mozzarella was helped by the increase 
in Pizza consumption everywhere. The development of the buffalo sector in Italy has contributed to 
create new job opportunities both at the farm and at the dairy processing level. The development of 
the buffalo in an area in Italy, where the unemployment rate was at highest, because this area was less 
industrialized, has provided in particular, opportunities for employment of young people who in Italy 
were not consistently employed in agriculture, 

Research in dairy technology has demonstrated that buffalo milk is suitable for processing of various 
dairy products, which has export value all over the world. It was demonstrated that sustainability of 
buffalo production both in Europe-Near East and in Asia can be increased through the implementation 
of appropriate key actions which exploit the results obtained by resqrch Institutions. This is 
particularly so in the application of milk recording systems, progeny testing, reproduction 
biotechnologies and targeted breeding strategies that will contribute to increase milk production in the 
breeding stock. By intensifying international cooperation and exchange of expertise among research 
Institutions, Governments and development organizations, the buffalo will have many chances to 
survive and expand within the framework of a sustainable agriculture. 
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BUFFALO MEAT PRODUCTION AND PROCESSING: RECENT 
DEVELOPMENTS 

S.K. Ranjhan 

Hind A g o  Industries Limited, B-3 Friends Colony (West), Mathura Road, 
?re-v Delhi B 110 065. India 

Abstract: Water 5uffaloes have been bred primarily for milk and secondarily for meat and draught, 
whereas the swamp buffalo (2n = 48) has been bred primarily for draught, while meat and milk is of 
secondary importance. In India, farmers have shown a preference for raising milch buffaloes over milch 
cows. In spite of the high potential of the buffalo for meat, the meat industry has not utilized this resource 
sufficiently.   bout 6 percent of cattle and 11 percent of buffaloes are slaughtered each year, This is a very 
low extraction rate as compared to that in other Asian countries. India exported 175,000 tonnes of meat 
during the year 199819S 

This paper discusses the major constraints that hamper Indian exports. These are (1) the insufficiency of the 
number of modernised slaughter houses (2) the limitation in the extents of disease-free zones (3) the high 
domestic dema-~d n r l  (4) the absence of the vertical integration between the production and processing 
sectors In an attempt to increase the utilization and value addition of slaughter house by-products, the 
Government of lndia has placed greater emphasis on pollution control and the establishment of rending 
plants and effluent treatment plants. Meat processing is undertaken by two sections, (1) the traditional 
sector, that caters +o the local demands and (2) the modem plants that cater primarily to export markets. 
Buffalo meat is basically used in the preparation of traditional curries and kababs. However, buffalo meat is 
now used in the production of sausages, patties, nuggets, comed beef and ham. 

Keywords: Meat, buffalo, production, processing. 

Introduction 

Water buffaloes (2n = 50) have been bred primarily for milk and secondarily for meat and draught 
in the Indian sub-continent (India, Pakistan, Nepal and Bangladesh), whereas swamp buffaloes 
(2n = 48), have been primarily developed for draught. Meat and milk are secondary products in 
South East Asia and China. 

India has more than half o f  the world's buffalo popuiation. The annual population growth in ,cattle 
and buffaloes has been 0.1 and '0.8 percent, respectively, during the last two decades. This is 
significantly higher in buffaloes as compared to cattle (Table I ) .  

Farmers in the northern belt have shown a preference for raising milch buffaloes over the milch 
cows. This is due to  prevailing ago-climatic conditions, government policy towards ban on cow 
slaughter, mechanisation of  agriculture, leading to  a reduction in the proportion of the use of 
draught animal power in agriculture etc., have led to commercialisation of milk production 
through buffaloes. Already, in 17 Western Districts of Uttar Pradesh, most o f  Punjab, Haryana, 
lower Himachal Pradesh and Ganganagar area of Rajasthan, buffaloes are dominating the bovine 
population ranging from 75 to  90%. The trend in the other areas, where the buffalo population is 
growing fast is similar, such as in Gujarat, Maharashtra and Coastal Andhra Pradesh. With a 
virtual lack of backward integration with slaughter houses, about 5 million male calves are 
intentionally killed by farmers annually. These animals have the potential to  be reared as meat 
animals to raise the standard of  living of  the farmers. 
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Meat and Meat Products Industry 

In spite of the big potential, because of large livestock population and competitive edge in the 
international market due to cheap labour, the meat industry in India has not assumed the status in 
keeping with its potential. Meat production has increased five folds from 764 thousand tonnes in 
1970-71 to 4.3 million tonnes, valued at more than Rs. 155,000 million (IiS$3800 million), The 
compound average annual growth rate during the last two decades works out to 7.6% as against 
21.7% during the last 5 years (Table 1) .  

Demand for Meat 

The precise ~~lculat ion of the meat demand in India is difficult and prone to variation. However, 
for purposes of calculating the minimum requirement of meat. it is assumed that a third of animal 
protein requirement (1 5g) should be provided by meat sources. This accounts for 30g of carcass 
meat or 5g of meat protein. Assuming that 70% of the 1000 million human population is non- 
vegetarian, the demand for meat is placed at 7 million tonnes. 'The present level of meat 
production is 4.2 mi!lion tonnes, which need to be increased by 70%. This is possible even with 
current animal population, either by increasing the productivity of meat animals or by increasing 
the extraction rates through effective culling of unproductive and excess buffaloes, sheep and 
goats. At present, buffalo meat is consumed only by 10-1 5% of the non-vegetarian population, 
whereas mutton and chicken meat is consumed by all non-vegetarians. Therefore, there is a large 
surplus of buffalo meat available for export than mutton, which is consumed locally by almost all 
section: of the society. Therefore, prices of the latter are rapidly increasing as compared to buffalo 
meat. 

Extraction Rates for Animals for Meat Production 

The trends in livestock population, slaughter rate (numbers slaughtered as percentage of the 
population), carcass weight and meat production in India over two decades (1975 to 1995) are 
shown in Table 2. It is observed that about 6% cattle and 11% of buffaloes are slaughtered each 
year. This is a very low extraction rate when compared with the other Asian countries. Actually, 
the extraction rate could go up to 30% for each of the two species, without affecting milk 
production and draught ability in the country. The share of bovine meat production, of the total 
meat produced in India, is about 60%, as against that of the small ruminants (15%) and pigs and 
poultry (I 0%) and (14%) respectively (Table 2). With the increasing mechanisation in agriculture, 
more large animals will become surplus, especially the male buffalo calves, that do not have a 
market for draught and are deliberately killed by the farmers, thus resulting in huge wastage and 
consequential loss to farmers. About 10 million sheep and 50 million goats are slaughtered 
annually accounting for 31% and 40% of the extraction rate, respectively. This too could be 
increased to 45% (Table 3). 

Components of Meat Industry 

There are 10 distinct components of meat and meat by-product related industries: - Trade in live animals: buffaloes, sheep, goats, pigs, bullocks. 
- Slaughter of animals by individual butchers for retail domestic markets. 
- Slaughter in the mechanised abattoirs (EOU)* for export. 

' - Transportation of fresh frozen meat in refrigerated containers from the point of 
production 'to the port. 

- Marketing of raw hides and skins. - Marketing of bones for further processing into gelatine, ossein and DCP**. 
- Production of casings from the intestines. 
- Cottage industry utilising hooves and horns. 
- Marketing of blood for production of pharmaceuticals. 
- Rendering plants for production of meat-cum-bone meal and tallow. 

* EOU - Export Orlented U n ~ t  
* *  DCP B Dicalcium Phosphate 



Buffalo meat productzon undprocessrng 

Table 3. Extraction rates of different categories of animals in India and some Asian countries 

Animals India Pakistan China Egypt Indonesia AS~B 
Buffalo 

Total NQ. 
Slaughter 140. 
Extraction rate 

Cattle 
Total No. 
Slaughter No. 
ExtractG3n D,ate 

Sheep 
Total P'o. 
Slaughter No. 
Extraction rate 

Coats 
Total No. 
Slaughter No. 
Extraction Rate 39.0 94.0 59.4 39.6 48.2 47.0 

Most of the registered slaughter houses are very old, unhygienic and lack essential services such 
as, water, drainage, waste disposal and effluent treatxent, except only in a few recently built 
mechanised abattoir-cum-meat processing plants, which primarily cater to export demands from 
sophisticated foreign markets. 

Export of Meat and Meat Products 

The major source of meat and meat products for export is from buffalo, sheep and goats. The 
largest share of exports has been from buffalo meat, which amounted to 157,000 tonnes, valued at 
Rs.9100 million in 1997-98 (Table 4). Buffalo meat exports exhibited a tremenctous growth. 
Exports almost trebled between i 988 and 1998, rising from 5 1,205 tonnes to 175,0C3 tonnes. 

Table 4. Export of buffalo meat from India (MT) 

Countries 1993 1994 1995 1996-97 
Malaysia 38,438 40,000 45,000 57,000 
UAE 22,962 25,000 30,000 35,100 
Jordan 10,42 1 15,000 15,000 2,200 
Yemen 5,869 6,000 6,500 3 00 
Oman 5,538 6,000 6,000 6,700 
Kuwait 4,911 5,000 5,000 3,800 
Mauritius 3,843 4,000 4,000 3,800 
Singapore 3,265 3,000 3,000 200 
Bahrain 2,128 2,COC 2,000 2,000 
Philippines 1,25S 1,500 1,500 25,300 
Iran 1,077 1,000 1,000 7,700 
Qatar 432 500 500 550 
Brw-ei 229 0 0 225 
0th~r.i 1,527 1,500 500 500 
Total 132,000 1 10,830 120,000 143,575 

Note 7 he 1993-94 exports included 15,450 MT of fresh/chilIed boneless meat and 66,700MT of frozen boneless meat. 
The balance was mostly fresh, ch~lled and frozen carcasses and half carcasses. In 1997-98, it was 157,000MT and In 
1998-99, ~t was 175,000MT. 

Still, the total buffalo meat exports account for only 10% of the domestic output. Some private 
state-of-the art abattoir-cum-meat processing plants have established a niche in the international 
markets, like in the Philippines, Malaysia, Iran, Egypt, the Gulf, Middle East and CIS countries. 
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India's export of sheep and goat meat has been small because of the greater demand in the 
domestic market. However, India exported 14,000 tonnes during 1995-96. The world trade in 
poultry meat is estimated to be about 2,500 MT valued at US$4,500 million. Export of poultry 
meat from India was started recently. Exports during 1991 -92 amounted to about 250 MT, valued 
at Rs.1 1.5 million, which increased to 603.48 MT in 1996-97. 

India's exports of animal casings and processed meat are small. However, the export of bones, 
bone products, and horn and hoof meal is substantial. In 1992-93, the value pf exports amounted 
to Rs. 834.1 million, the main products being ossein, bone grit, crushed bones and gelatine. 

Major Constraints to Meat Export 

Some of the ;^actors, which hamper Indian exports, are given below. These bottlenecks are being 
removen and the meat industry is progressing rapidly. 

Insufficient number of modern slaughter houses 

There are just about 5 modern integrated slaughter houses, which have world class sanitary and 
phytosanitary conditions. These are the Hind Agro Industries in Aligarh, Allanason in 
Aurangabad, Al- Kabeer in Hyderabad, Punjab Meats in Chandigarh and Deonar (Public Sector) 
in Mumbai. Besides these, there are 32 modem meat processing plants, which receive dressed 
carcasses from modern municipal slaughter houses and process the meat for export to Middle 
East. However, many countries like the Philippines, Malaysia, Iran, Egypt and Jordan insist on 
meat processed in integrated slaughter houses. With the increase in demand for meat from 
integrated slaughter houses in the international market, there is potential requirement to 
establisWupgrade 20 more mechanised abattoirs, to utilise about 1 0 m if lion surplus buffaloes 
available annually. Each abattoir should have facilities to slaughter 0.5 million animals annually 

There are 3,643 slaughter houses registered with muntcipal authorities and more than 10,000 
unregistered slaughtering areas, which lack adequate facilities and basic amenities required for 
hygienic production of meat. The handling capacities of these units vary from 100-500 for large 
animals and 25-800 for small ruminants per day. These abattoirs fall short of the standards and 
norms required for quality meat production. The Government has launched a scheme to provide 
assistance to upgrade these daughter houses with a 80% subsidy which is now being utilised by 
many meat companies. 

Insufficient disease-free zones 

There are some trade-related diseases, which restrict export of meat to many countries. As per the 
O.I.E. List 'A', the diseases are. Rinderpest, Foot and Mouth, Contagious Bovine Pleuro- 
pneumonia, PPR, Blue Tongue, Vesicular Stomatitis etc. The existence of foot and mouth disease 
(FMD) alone restricts the export of meat to many countries. FMD is still prevalent in a few 
pockets in the country, a l thoup the Export Oriented Unit (EOU) has established FMD free zones 
through vaccination. In the 9 Five Year Plan, the Government hopes to completely control this 
disease. 

High domestic demand 

There is a great demand for poultry and mutton from the large human population in the country, 
whereas buffalo meat is consumed only by 10 % of the population. Therefore, there is a big 
potential for buffalo meat exports, which could be increased to 200,000 tonnes and above fro-: 
year 2000 AD onwards. 
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Lack of vertical integration between production and processing 

Unlike in the dairy industry, there is virtually no vertical integration between production and 
slaughtering. The large state-of-the-art abattoirs have a high intake of 500- 2000 a-limals per day. 
These abattoirs may slaughter between 0.5 to 0.8 million animals annually. Therefore there is a 
need for rearing of male buffalo calves, which are otherwise intentionally killed by the farmers 
due to lack of marketing outlets. The Hind Agro Industries Liinited is one company which has 
initiated such a project. Under this project, animals of farmers are regularly vaccinated and bought 
by Hind Agro Industries Limited (HAIL) under a buy back scheme, thereby raising the standards 
of living of the farmers at one end and producing quality meat at another. 

Quality Meat Production in Integrated Slaughter Houses 

A flow diagram for production of quality meat in integrated slaughter houses is given in Figure 1. 
This shows the protocol of slaughtering and utilisation of slaughter house by-products, in a 
rendering and effluent treatment plant. Because of the great emphasis given by the Government to 
pollution control, slaughter houses in bigger towns are obliged to establish the rendering plants as 
well as effluent treatment plants to process value added by-products. 

Changing the Global Scenario and Export Potential 

India's international trade in livestock and livestock products is mainly in live animals (17%), 
meat and meat products (82%) and dairy products and eggs (1%). At the global level, India's 
exports and imports account for only 0.17% each. Meat and meal products have dominated 
exports. The trend analysis of animal growth in these categories, namely, live animals, meat, meat 
products and dairy products and eggs, have been estimated at about 25%, 23%  an^ 9% 
respectively. 

The meat sector is growing very fast and has a big potential for export since the buffalo meat 
produeed in India, is marketed at US$1000 to 1400 per tonne, as against US$ 1500-3000 per 
tonne of Australian meat. Although international prices of meat have dec!ined recently, they are 
likely to increase due to reduction in the subsidy given by the developed countries for livestock 
raising. Therefore, India is likely to become 9 major player, provided meat is hygienically 
produced and the disease free zones are recognised by O.I.E. immediately. 

Meat processing 

Meat processing.in India can be divided into two sectors, namely, the traditional sector to neet 
the local requirement and the modern commercial sector for export. 

The meat for local consumption is mostly consumed within 8 to 10 hours of slaughter. Meat 
handling and transport from abattoirs to markets in hot environmental conditions are generally 
done rapidly during the cooler hours of the day. Transportation is genevlly done ir covered vans 
from the abattoirs to the retail shops, where it is sold in the wet market. 

The meat meant for export has to pass through ante-mortem and post-mortem inspection, as with 
meat meant for local market and then chilled for 24 hours to bring down the pH below 6. 
Thereafter, it is deboned and deglanded. The meat is then packed in different cuts and frozer, a: 
-40°C for 12 hours to bring down the deep bone temperature to - 18" C. The frozen meat is kept in 
cold storage for export. 

Buffalo meat products 

In India, buffalo meat is basically used in households for preparation of curries and Kababs. It is 
also mixed with vegetables like potatoes, cabbages, turnips, sugar beat to make delicious dishes, 
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to name a few, besides the irresistible Biryani, which is a mix of meat and rice. Buffalo steak is 
also a delicious product. Both seekh and shami Kababs are delicacies prepared from buffalo meat, 
which is liked by all classes of people in India. Buffalo meat has great water holding and binding 
properties, and is therefore used for industrial purposes in the production of sausages, patties, 
nuggets, corn beef, ham etc. A large part of the meat in the Philippines, Thailand, Iran etc., is used 
for the production of ham and sausages. 

Meat quality 

Buffalo meat has been shown to be of superior quality as compared to cattle beef. The American 
Water Buffalo Association (AWBA) has reported that meat of the water buffalo has 41% less 
cholesterol, 92% less fat and 56% less calories than cattle beef. 

With increased mechanisation, the buffalo will be a major producer of milk and meat in the 
twenty first century in India. With efficient rearing, they can gradually replace cattle in buffalo 
dominated farming systems in the whole of North India. 
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HAEMORRHAGIC SEPTICAEMIA: CURRENT STATUS IN THE ASIAN 
REGION AND STRATEGIES FOR FUTURE CONTROL 

M.C. L. de Alwis 

7/25, Rosamund Place, George E de SzIva IMawatha, Kandy, Sri Larlka 

Abstract: Maemorrhagic septicaemia {-IS) is ranked by most Asian countries as one among the infectious 
diseases that causes heavy losses in buffaloes and cattle. Since the disease occurs malnly in situations where 
husbantiry methods are poor and therefore bath disease reporting and control systems are poorly developed, 
the actual losses are considerably more than the reported losses. This fact has been established in active 
surveillance studies. It has also beep well established that HS causes greater losses in buffaloes than in 
cattle. 

Future control strategies should be built on the available epidell~~ological data. This lncludes the poor 
survival of the organism outside the animal body, the existence of a large percentage of latent carriers in 
endemic populations than was thought earlier, the conversion of such carriers into active shedders under 
certain circumstances and the persistence of the carrier status for long periods. Control measures should be 
directed towards prophylactic measures in endemic regions, restriction of spread during outbreaks, and 
control ling the spread across regional and national boundaries. 

The key element in control is vaccination. While the vaccines presently available have to some extent 
succeetled in reducing losses, development of an ideal vaccine for production and use in HS endemic 
tropica countries and attaining a high vaccination coverage are of utmost importance. With an increasing 
involvement of the private sector In HS vaccine production, the need for Governments to lay down 
standards and maintain quality assurance is emphasised. Equally important is the operation of national FIS 
control programmes, planned, and monitored centrally, with no financial burden on the resource poor 
owner-farmers. Current knowle~ge and limited experience does not appear to ind~cate the feasibility of 
eradication. 

Keywords: Haemorrhagic septicaem~a, carriers, control strategies. 

Economic Importance in the Region 

Most c:ountrjes in the region recognise HS as a major cause of losses in buffaloes and cattle. In 
India cluring the period 1950's to 1980's the disease is reported to have accounted for 46% to 55% 
of all bovine deaths (Dutta et al., 1990). It was also reported that during the period 1974 to 1986, 
HS accounted for 58.8% of  aggregate bovine deaths due to five epidemic diseases, namely, 
rindeq~est black quarter, foot and mouth disease, anthrax and HS. In Pakistan, it is reported that 
34.1% of all bovine deaths were due to HS (FA0 1979). Nepal ranks HS second only to 
rinderpest, as a killer disease of bovines. Another retrospective study of records in four districts in 
Nepal indicated that 24% of all bovine deaths were due to infectious diseases and that HS was the 
most important of these (Thakuri et a)., 1992). In an FAO-UNDP coordinated study in the Azad 
State of Janmu and Kashmir, it was revealed that whilst nutritional disorders and parasitism 
accounted for greater losses in livestock, HS and black quarter made the most significant losses 
due to infectious diseases. In Sri Lanka, a survey carried out in the 1970's in HS endemic areas 
revealed that approximately 15% of buffaloes died of HS before reaching adulthood and this 
accounted for two thirds of all buffalo deaths (De Alwis and Vipulasiri, 1980; Kumaratileke a~ ld  
Buvanendran, 1979). 

Most estimates of economic losses take intc account only direct losses i,e. value of animals that 
die. 01 her factors such as loss of draught pouer and the cost of alternate power, loss of potential 
productivity and reproductive capacity are not easy to estimate. Ahmed (1996) attempted to 
estimate at least part of the direct losses, by calculating the value of this loss by assuming the 
value of rice that was !ost as a result of land left  c cultivated due to non-availability of draught 
power He estimated that direct losses accounted for only US $ 2.3 million out of a total loss of 
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US $ 148.6. In most countries of Southeast Asia too, HS ranks high among the infectious diseases 
of boy ines 

Susceptibility of the Buffalo 

It is well recognised that HS affects buffaloes more than cattle, although few quantitative 
estimation,; are available. In Malaysia, it was found that 73% and 90%'of all deaths caused by HS 
during the successive periods of 1970-79 and 1980-89 were among buffaloes, despite the fact that 
the buffalo population was less than half that of cattle, and was progressively on the decline 
during this period (FAO, 1979, 1991). In Sri Lanka, one study covering the endemic and n6n- 
endemic areas indicated that buffalo deaths were three times higher than in cattle (De Alwis, 
198 1). This difference in mortality rates was even more marked in the sporadic outbreaks in non- 
endemic areas than in regular outbreaks in endemic areas, where other factors appeared to mask 
this differencc. Another, study in Sri Lanka +owed that whilst the percentage of buffalo herds 
infected was not markedly higher than for cattle herds and within infected herds, losses in 
buffaloes Ivere significantly higher (De Alwis and Vipulasiri, 1980). 

Why is HS a Problem? 

Haemorrhagic Septicaemia is a bacterial infection. Only specific serotypes are incriminated and 
these have been identified. l'he organism is sensitive to a wide range of antibacterial drugs and 
vaccines ii\corporating the specific serotypes provide immunity. One wonders then, why HS has 
continued to remain a problem through the last few decades. There are many reasons for this 
situation. 

HS is a disease whose prevalence is highest among the less well-managed, animals reared under 
poor husbandry conditions. In such situations, early detection of disease is difficult and treatment 
during this initial febrile stage is not practically possible. 'Treatment is thus of limited use, unless 
the clinically normal animals in affected herds are checked for elevated temperatures and treated 
immediately. Treatment during the later stages could even hasten death due to endotoxin shock. 
The pastel~rella organism is a weak immunogen. This is evident from the poor immunity 
conferred by bacterins. Vaccines incorporating adjuvants are therefore used. Even among these 
adjuvanted vaccines the most popular and widely used vaccine is the alum-precipitated vaccine. 
This is undoubtedly due to the ease of preparation, handling and injection in the field. Yet, 
controlled trials have shown that this vaccine provides immunity lasting only for 3-4 months. The 
vaccine, which is widely proclaimed to produce high levels as well as long lasting immunity, is 
the oil adjuvant vaccine. Yet, on account of its high viscosity resulting mainly from the 
emulsifying agent (lanoline) used, very few countries use it widely. Most countries use this 
vaccine only for protecting valuable animals reared under good husbandry conditions. 

Another rt:ason for perpetuation of the problem is the low vaccination coverage. Whilst it is 
aidely accepted that a coverage of at least 70% of the susceptible population should be attained 
ror effective control, most Asian countries fall short of this target. Although in restricted areas 
high coverage may be attained. the national average in most Asian countries ranges from around 
150fo to 50%0 (FAO, 1979, 199 1 : ACIAR, 1993). 

When HS breaks out in virgin areas, massive epidemics occur and these naturally draw the 
attention of the animal health authorities. When the disease becomes endemic, natural immunity 
is built up in herds due to frcquent exposure. This mechanism has actually been demonstrated 
among Ere$ range animals (De Alwis and Sumandadasa, 1982; De Alwis et al., 1986). In such 
situations, only a few hitherto unexposed young animals die each time, but such losses are of an 
insidious nature. Yet these losses occur with some regularity, the disease smolders among 
yearlings rqostly and the cumulative losses are considerable. 
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Thus the perpetuation of the disease problem may be attributed to a combination of management 
and vaccination-associated cons*raints. 

Current Status 

The current status of HS in the Asian Region may be summarised as follows. 

The disease occurs mainly among buffaloes and cattle, reared under poor hussandry conditions. 
Both the disease control systems and the disease reporting systems may not effectively reach such 
locations. Thus, the actual losses may be considerably more than those detected in passive 
reporting systems. This was amply borne out in a study in Sri Lanka (De Alwis and Vipulasiri, 
1980). 
Losses in buffaloes are higher than in cattle. 

Vaccination is practiced but, the common vaccines used are of poor quality and coverage 
of susceptible stock is low, 

* Transport and movements of animals, particularly carriers from endemic areas pose the 
threat of spread locally and even across regional and national borders. 

Strategies for Future Control 

The current knowledge upon which future strategies :odd be developed are outlined below. The 
organism cannot survive in soil for more than a few hours. Dry conditions and exposure to 
sunlight hasten death, whilst moist conditions prolong survival. The same will apply to infected 
material. Unattended decomposing carcasses could be infective for a few days and carcasses 
dumped into rivers and washed ashore downstream can be an effective method of dissemination. 
No permanent reservoirs of infection are however established outside the animal body. 

Following outbreaks, most clinically unaffected, exposed animals become latent carriers. The 
percentage of such carriers is much higher than was previously thought. In a field study, the 
proportion of such carriers was found to range between 12% and 40% (De Alwis et al., 1986), and 
in a controlled exposure experimental study involving 57 buffaloes, 43 survived and 32 were 
shown to be latent carriers. This latent carrier state was found to persist in some animals up to 229 
days, the longest period of investigation (De Alwis et a]., 1990). 

These findings have an important bearing on the movement of animals fram endemic to non- 
endemic countries or regions. It is important to determine for how long the region of origin was 
free of' HS, before animals are moved out. 

It IS of utmost importance that susceptible likely in-contact animals in the country of import 
be immune at the time of contact. This can be achieved only by vaccination. 
It should be considered that susceptible animals are mainly used for draught purposes and that 
a seasonal increase in occurrence of outbreaks is observed during the wet season, presumably 
due to the interaction of a variety of weather-related factors. 
Owner farmers are resource poor, and can ill afford to pay for vaccines. 

Strategies for future control could be gromed into three categories. These would include 
prophylactic measures in endemic countries, measures to prevent spread during outbreaks and 
those to prevent spread across rpvg:onal and national borders. 

Prophylactic Measures in Endemic Countries 

These measures include the following: 
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a Routine prophylactic vaccination. The spread of HS being largely influenced by wet season- 
associxted factors, routine prophylactic vaccination is best timed for 3-4 months before the 
wst season so as to ensure peak immunity during the high risk period. Vaccination o f  cows in 
the early third trimester of pregnancy is also encocraged in farm herds to provide immunity to 
the young calves. 

* Establishing good disease reporting systems. This is an extremely important aspect of control, 
not only to bring the control measures into operation early, but also to help authorities to 
obtain a more accurate estimate of the losses. Resource allocation for HS control will 
evidently depend upon the recognition of the actual magnitude of the problem. 

8 Creation of an awareness among farmers. This should also encourage farmers to notify the 
diseasc control authorities, when HS is suspected. 

* Preventioc of cohtact between animals from endemic and non-endemic areas. "his is 
important in countries where aistinct endemic and non-erdemic areas exist. In endemic areas, 
a largc. proportion of animals hav? been found to be latent c a ~ i e r s  (Re Alwis et ul,, 1986). 
These animals are potentia; sources of infection and if activated and become shedders could 
infect in-contact susceptible animals. In such situations, if animals from non-endemic 
coulltr~es are unvaccinated as they often are, herd immuni+y is negligible (De Alwis and 
Sumanadasa, 1982) and explosiv..: outbreaks may result. 

Preventivr,. measures during outbreaks 

fhese measucss are well ~stablislied and will only be briefly mentioned here. 

I Jascirt.i,ion in ths  face of outbreaks, irrespective of previous vaccination history. 
* Observation, detection, isolation and treatment, where possible of clinically affected animals 

and checking the rectal temperatures of in-contact animals and treatment of those showing 
elevated temperatures. 
Search for sick animals and carcasses in free roaming herds. 
Proper disposal of carcasses, ul~consumed fodder, bedding etc., from infected premises. 
Immediate notification of animal health authorities, and collection and dispatch of material to 
diagnostic laboratories" 
Close monitoring of arlimal movements and total stoppage of movements and confinement of 
herds where necessary. 

Prevention of spread across borders 

One has to consider the spread across regional borders within countries as well as across national 
borders. The former is more important than is often thought to be, since most Asian co~ntries 
have endemic regions or pockets. When spread across national 5orders is considered a number of 
complexities arise. The island situation is distinctly different from land borders. Then, in addition 
to the p~olslems arising from the long te-m carrier status that might render normal quarantine 
procedures ineffective, one should also contend with the illicit m0vernet.t 0:' arlErnals across 
national land borders not uncc.nmon in the Asian continent. 

Vaccines 

- 
Vaccination remaitis as the key element 111 any EiS control program. i he vac~ines  cur7e~t.y used, 
their strengths and weaknesses and the problems in attaining high coverage has already been dealt 
with. The ideal vaccine against HS for use in Asia should have the following features. 

It should provide a high level of irrmunity for at least one year. 
I t  should be easy to administer to animals, particularly buffaloes. 

* I t  snould be stable and lend itself to easy handling under tropical conditions. 
* It should produce no adverse effects. 
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It should be easy and economical to produce 
The production technology should be sustainable in the HS endemic countries of Asia. 

None of the vaccines produced so far satisfy all of these requirements. Thus, research is 
constantly being carried out towards achieving this goal. Some of the areas in which research 
potent.al exists, or has actually been done is described below. 

I Improving the immunogenicity ofthe bacterin component: a large volume of work has been 
done in this area and the general consensus is that (a) many cell components contribute 
towards total immunity and (b) certain cell components such as some outer membrane 
proteins (OMP7s), which are produced in vivn make a significant contribution (Penn and 
Nagy, 1976; Muniandy and Mukker, 1993; Veken et al., 1994, 1996). Thus formulating 
growth media which will enhance full expression of all immunogenic cell components in vitro 
will be a useful area for future research. 

Imprr~ving the formulation for oil anjuvant vaccine: I'he primary aim of this exercise would 
be to reduce its viscosity atid thereby facilitate injectability. Many countries such as Sri Lanka 
an3 Indonesia have successfully achieved this to some degree by lowering the lanolin content 
to 4 - 6.596, without substantially comprotnising with stability. Other oils and emulsifyi~ig 
agents have been successfully used in Pakistan and Thailand, although some of these are as 
yet only at the experimental production level (Muneer ef ul.  1994; Atthi et a/., 1997). 

u Double adjuvant vaccine: In Malaysia an effort has been made to concentrate the bacterin 
prior to e~nulsification by combining the principles embodied in the alum precipitated and 
oil adjuvant vaccines. This has helped to reduce the dose volume (Chandrasekaran, 
1996). 

k The principle of double emulsion: For thinner free-flowing vaccines, this principle has 
been used successfully on an experimental scale in India and Malaysia. The large scale 
production technology has yct to be developed (MiMal er ul, 1977-1979; Yadev and 
Ahooja 1983; Chandrasekaran el ul., 1994). 

Live vaccine: These are based on immunogenic strams that protect against the Asian HS 
serotype B:2 administered by injection or as an aerosol, with no risk of disease. 

Potentially, there are four types of organisms that can be used. These are as follows: 

Serologically related serotypes: The type B:3,4 vaccine based on a deer strain has been 
successfiilly used in Myanmar as an aerosol. This vaccine however is not safe for 
intramuscular injection to young buffaloes. (Myint and Carter, 1989; Carter et al., 1991 ; 
Myint, 1996) 

" Vaccines based on naturally occurring mutants or variants. Although records of isolation 
of several such strains appear in the literature, no investigations have been done on their 
use as vaccines. The Indian paraplegia strain designated M 25 (Dhanda and Nilakanthan, 
1961) and the ATCC 19427 are examples. These strains need, in the first instance to lye 
re-examined in the light of more recent serological methods and molecular techniques. 

'., Induced mutants: These are mutants selected for avirulence after exposure to irradiation 
or chemical mutagenic agents. 'The streptomycin dependent strain used experimentally in 
Sri Lanka (De Alwis and Carter, 1980), and a low virulent streptomycin independent 
revertant R 39 used by De Alwis et al., (1  996) are examples of this type. Neither of these 
led to the development of practical vaccines. 
Genetically engineered mutants: This wauld imply identifying the virulent Fdctors and the 
genes responsible for their expression, without interfering with immunogenecity. No such 
strains are yet on record. However, the advent of molecular biology, has brought this area 
within the realms of possibility. 
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Molecular biological techniques have also helped to discriminate between strains of the same 
serotype, and identification of dominant types may Yrc~ ide  a more rational basis for the selection 
of future vsccine seed cultures (Townsend et al., 1997 a,b; Rimler, 2000) 

Field workers and vaccinators have diverse views on the vaccine administration techniques. 
Although it is generally acclaimed that aerosol vaccines are easier t o  administer, animals yet need 
to be restrained, Some vaccinators believe that a jab on the back is easier than administration of a 
puff directed to  the nostrils from the front. It is therefore preferable that any live vaccine should 
lend itself to easy administration by either method. 

Eradication? 

Although inuch has been spoken of eradication, the only attempt made was by Indonesia, in the 
Lombok Island with a cattle and buffalo population of  300,000. After 7 years of mass vaccination, 
c o v e r i ~ g  over 90% of  the stock, the disease still continue to be present (Syamsudin, 1993) 

Thus the slrategy for future control would rest heavily upon, 

Effective reporting and monitoring. 
Monitoring of animal movements. 
Research and development of better vaccines and 
Achieving higher vaccination coverage, through national disease control programmes. 

Vaccination programmes 

Vaccination programmes should take into account the season of maximum disease occurrence a s  
well as the period of utilisation, hence availability of animals for vaccination. Coverage of at least 
70% should be attained. Vaccines s!:ould reach the animals free of charge t o  the resource poor 
owner-farmers. Vaccination shouid not be left as  a voluntary activity but should be an organised 
National Itnmunisation Programme. 

Vaccines nave been produced in the past exclusively by governmental organisations. During the 
past decade or so, in a few countries viz India, Philippines and Indonesia, private organisations 
have stepped into this activity. This trend may continue at an accelerated pace in the future, in the 
region. The government should however enforce standards and continue its role in quality testing. 
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BUFFALO AS A DRAUGHT ANIMAL WITHIN SMALLHOLDER FARMING 
SYSTEMS IN ASIA 

Pakapun Skunmun 

Buffalo and Beef Puodz~cfion R&D Centre, S~wanvajokka~~ikzt Animal R&D Institute, 
Kasetsart Universig, Bangkok 10900, Thailund 

Abstract: A t  the present, draught buffaloes are still an essential component in smallholder farming systerns 
In developing countries, especially In Asla. Although buffjlo populations in Asia in general, had positive 
growth rates duri~g the years 199 to 1997, thqse in some countries dropped drastically due to the reduced 
use of buffalo draught power as well as the Increase In beef consumption. Information relating to the 
ulilisatlon of draught buffaloes *ithin rural economies of de~~eloping countries is presented. Scientijic 
.valuat~on of t , ~ e  work~ng efficiency of buffaloes can be made t y  the measurement of the draught power 
and work ou,put In the field. Some factors affecting draught capacity of buffaloes i.e. harnessing systems, 
sex, age and slze of buffaloes, breed types and meteorologrcal condit~ons, are reported. Slnce small fartrrcrs 
In the ~ural areas have adopted some degree of merhanlsation, future prospects for the use of draught 
buffaloes and mechani~ar~on are also discussed 

Keywords: Buffalo, draugnt anirnal, work efficiency, draught capacity. small farms, 

Introduction 

For peoplc wha live in cities, especially those in developed countries, it is hard to imagine that in 
today'c, world of highly advanced science and technology, more than 2,000 million people in 
developing countries still depend on draught animal for work on traditional farms and for 
transportation. The use of draught animal power (DAP) on rural farms remains a common 
practice, despite the promotion of farm mechanisation by governments of various counb-ies 
(Chantalakhana arid Bunyavejchewin, 1994). Buffaloes are one of the most iiseful draught 
animals in the world, with a total of over 140 million in more than 50 countries in 1900 
(Chantalakhana and Skunmun, 1999). Almost 96% of buffaloes were found in the Asia and 
Pacific region, where most buffaloes were raised by small farmers in developing countries for 
draugbt as well as for beef and dairy purposes. 

Table 1 shows buffalo populations during the period 1989/91 to 1997, and their average annual 
growth rates in some Asian coitntries (FAO, 1997), where the use of draught buffalo power is 
very common. It reflects in general a positive growth trend of the buffalo populations in most of 
these countries. I-lowever, there was a reduction of buffalo numbers in some countries. The 
countr~es with significant buffalo populations and showing negative growth rates were Malaysia 
(-4.5%), Thailand (-3.7%) and Indonesia (-0.8%) in Southeast Asia. In South Asia, a 2.8% 
reduction in buffalo numbers in Sri 1,anka has been reported during the same period. The 
decreases were due to various causes such as lack of gra7ing land, increase in the use of farm 
mechanisation, high rates of buffalo slaughter, increasing demand for beef, and growth of the 
human population (Bunyavejchewin and Chantalakhana, 1991). Ninety-five to 99% of swamp 
buffalo production systems in China and Southeast Asian countries can be classified as 
smallholders or small enterprises, in which buffalo raising is not regarded as a distinct enterprise, 
but ralher as an integral part of crop production systems (Chantalakhana, 1996). The swanip 
buffaloes primarily provide a source of farm power for tillage and transportation and a source of 
manure for fertilizer, while meat and milk are secondary products in these systems, The most 
comrron places where buffaloes play a prominent role are the rice-production areas. Dra~ght  
power from the swamp buffalo is conmonly used in lovland rainfed rice production systems, 
while irrigated rice cultivation usually employs farm machinery. Swamp buffaloes are also used 
wherever available in cultivation of rice and other crops in upland areas. In China and matry 
countr~es in Southeast Asia: draught animal powsr remains an important source of the enerlg 
input per unit of cultivated land, in spite of the increasing use of petroleum-based power in 



particular regions of some countries. it has been reported that swamp buffaloes provide 20 to 30 
per cent of  the farm power in South China, Thailand, Indonesia, Malaysia, the Philippines and 
Indonesia (Chantalakhana, 1988). In traditional South Asian agriculture, the small farmer is 
basically a crop f~rrner. Buffaloes are maintained genera:ly for draught power to carry agric;ltural 
operations mainly in Srl Lanka and Banglzdssh (Soni, 199 1).  

Table 1 .  B~ffalo  population In some Asian countries during the year 1989-91 to 1997. 

Country Buffalo No, (1000 h e ~ d )  Average annual growth 
rate (%) 

1989-91 1995 1996 1997 (from 1989-91 to 1997) 
PR Chins 21412 22928 233 15* 235 18* 1 .iJ 
SE Asia 

Cambudi a 743 765 770 770E 
Indones~: 3297 31 12 3 140 3 140F 
1,aos 1067 1191 1212 1212F 
Malaysia 206 157 150 150F 
Myanma~ 205 1 2203 2266 2297 

Philippins ?73 1 2708 
Thai land 5t52 3710 
Vietnam 286 1 2963 
Soutlr Asiu 

Bangladesh 77 1 882 * 
India 80577* 88759" 
Wepal 3020 3278 
Pakistan 17377 1971 1 
Sri Lanka 917 764 

Note *unolfictal cst~matcs. F - F A 0  e\tlmatcs 

Draught Buffaloes and the Rural Economy 

About75-80% of people in developing countries are engaged in agriculture, most of them 
smallholders with two to three hectares per household, but inany remain landless. The small 
holders grow crops as their major source of food and income, while animals including buffaroes, 
cattle, pigs and poultry are integrated in the farming systems to provide supplementary income, 
food and +services such as draught power, Over the past few decades, there have been many 
unsuccessful attempts to introduce these farmers to modern agriculture, and numerous problems 
of small farm development remain to be resolved. Small farmers are most commonly plagued by 
hunger, pcverty and lack of education, which are chronic problems of developing countries. As 
long as there exist small farm agrici~itural systems in developing countries, DAP will remain oqe 
of the most important sources of farm power. In the foreseeable futvre, although the rate of 
urbanization is increasing, rural small fxmers will continue to form a significant proportion of the 
population in developing countries. 

Is the use of draught buffaloes really such a backward method of farming? 

Those who have worked closely with small farmers wiii be able to reply immediateiy that this is 
not true. 1 r 1  fact, the use of draught buffaloes on small farms is ecologically and environmentally 
sound, technically quite appropriate, economically viable and socially and culturally desirable. 
The sustainability of small farm production depends significantly on the availability and efficient 
utiiization of draught power from buffaio, either as a major source of farm power or 
complementing tractors and human labour. The use of draught b~ffa lo  for land preparation in crop 
production has been traditionally practised by rural farmers since time immemorial, without any 
serious evidence on environmental degcadation, air or water pollution, or soil depletion and 
compactio~i. 011 the contrary, buffalo manure has been used by rural farmers as fertilizer, so that 
the productivity of crops such as rice has been maintainkd for centuries without the use of any 
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chemical fertilizer. Buffaloes are raised with I~ardly any external cash inputs, being fed mainly 
with weedy grasses or plants and crop wastes, such as straw or leaves, or with by-products such as 
bran or broken rice. These feeds are available on farm and are generally not easily marketable for 
\ ~ ~ T : o u s  reasons, 

BuffaIoes turn farm wastes and by-products into valuable assets for farmers, providing not only 
draught power but also meat, milk and a relatively large cash income every time an anjmal is sold. 
From a socioecanomic point of view, these buffaloes serve as long-term savings account for rural 
families, most of whom would never deposit cash in a bank. In the case of crop failure, due to 
natural causes such as flood, drought or pests, the sale of a buffalo provides enough cash to 
purchase an year's supply of rice for one family. Hence, the buffaloes serve as an insurance 
against crop failure, especially in small farms where risks and uncertainties are common features 
under rainfed conditions. Furthermore, buffaloes are occasionally sofd or slaughtered for meat ctn 
special traditional events such as at the wedding of a son o-- daughter, the entry of a son into a 
Buddhist monastery, or in other significant religious ceremonies. Buffaloes are also regarded as 
good companiorts for village people, especially children and the elderly. They are often used in 
recreational events such as buffalo racing or fighting. which are tourist attractions in some 
countr les. 

Draught power 

DraugIit power in animals is measured by the use of sopi~isticared instruments, for more accurate 
assessment of @orking efficiency. It involves the measurement of two components i.e. draught 
force and speed, which are negatively correlated to each other. Buffaloes of 400 to 900kg body 
weight can produce draught power equivalent to 0.75 horse power (hp) as compared to I hp from 
a light horse of 400 to 700 kg body weight (Cockrill, 1974). llnder normal conditions, buffaloes 
appear to move more slowly than horses, mules or donkeys, but they are efiicient in muddy or 
flooded land, such as paddy ficlds. 

A mature buffalo can develop a tractive power of 10 to 14% of its body weight under normal 
working conditions (Coe and McDowell, 1980). Under rainfed lowland condition in  the 
Philippines, draught power generated by buffaloes for ploughing was on the average 0.43 to 0.54 
kilowatt (Sarabia eif al., 1996a). With regard to breed types of buffaloes, Philippine carabao (PC) 
used rrlore power than Philippine carabao x Murrah (PM) and Cambodian buffalo x Murrah (CM) 
crossbreds in ploughing under the same area (0.54, 0.46 and Q.43 kilowatt fbr PC, PM and GM, 
respectively), and draught force developed by PC, PM and CM was 14.73%, 14.68% and 1 1.65% 
of the body weight, respectively [see Table 2). In other words, the working efficiency of CM 
crossbred seemed to be better than the other breed types. The use of draught power of buffaloes in 
Thailand, for different tasks on different soif types on smallholder fanns is shown in Table 3 
(Chantalakhana et al., 1991). Although the number of observations was small, there was iin 
indicalion from the findings that buffaloes generated more power during first ploughing than 
during second ploughing, while more power was required for ploughing on clay than on other soil 
types. In the same soil types, ii vjas notable that buffaloes of different sizes generated similar 
power. but their work output in terms of area ploughed was greater with smaller buffaloes. 
Similar to the findings of Bunyavejchewin et al. ( 1  986), smaller buffaloes significantly generatea 
less pcwer than larger ones in carting the saFe load. 

Work~ng ability of buffaloes 

People who are not familiat with the buffalo often assume that the animal is wild, dangerous and 
lacking in intelligence, but this is not true. .On the contrary, buffaloes on small farms are quite 
tame and can easily be trained to do farmwork using various implements such as ploughs, rakes, 
water pumps, sugar cane crushers, sledges and carts. Draught buffaloes can be trained to respond 
to a pull on the rope or the human voice, and can be tended by children, women or elderly people. 



Table 2. Draught performance of the b~,CiBlo breed types under rainfed lowland condition in Ubay, Bohol, 
the P h ~ l ' p p ~ i e s  

Items Breed types 
PC PM CM 

Nuinbers of animals 4 4 4 
Pull, kN 
Draught ibrce, kN 
Speed, mkec 
Draught \)ewer, kV' 
Draught power, h p  
Average body we~ght, kg 
Draught r')rce as O/u body weight 1 4.72a 14.6ga 1 1 .6sb 

Source (Sarahia et a t .  1996a) 
Note: F'lgur:~ \ \ ~ t h  d~fii 'rent supcrscr~pts In the same row are s~gn~f icant ly  d~fferent  (P<0.01) 
PC - P h ~ l ~ p p l n e  carabao. PM - Mur~ah x PC. SM - Cambodran buffalo x Murrah 

Table 3. Measuremcntc of draught power of buffaloes in three sojl types 

Tillage Soil type Buffalo wt.  No. Power Draught 
(kg) (kW) Force Speed 

(kg) (kmlh) 
I "  Sandy laam 340 ( 5 )  7 0 23 25.5 3 5 

412 (M) 17 0 24 32.1: 2.7 
457 (L)  I 0 23 3 C  9 2 7 

1"  Clay loam 413 ( M )  4 0 27 33.3 2.9 
2" Sandy loam 423 ( M )  I 0.2 1 27.9 2.2 

Area 
ploughed 

(m2/h) 
769 
526 
3 93 
437 
73 1 

452 (L) I 0.15 19.1 2.8 807 
Source (C'liantalaChan,l c f  (11 1991 ) 
Note. 5 =  S nail (<376 hgj, M - M e d ~ u m  (376-450 kg). L.= Large (>450 kg) 

The amount of work performed by draught buffaloes varies from place to place and depends on 
the season and farming systems (Table 4). In general, male buffaloes are preferred because they 
are bigger and have proportionately greater working efficiency. But because of an increasing 
shortage of draught buffaloes during recent decades in some Asian countries like Thailand, both 
male and female buffaloes have been used for work, including pregnant female buffaloes 
(Bunyave.ji:hewin el ud., 1995b). 

The data collected on the use of individual buffaloes for farmwork, from village households over 

a period 01' an year, in Northeast Thailand show that draught buffaloes are used on average for 5 1 
to 69 days per year, within a range of 8 to 115 days (Chantalakhana et al., 1991). Two to three 
buffaloes :an supply animal traction for a farm of 2-3 ha. The same study has shown that 
buffaloes are used most intensively during July and August, which are the months when the most 
ploughing and planting take place. Similarly in Indonesia, jt has been shown that the intensity of 
work by draught buffaloes varies widely from one farming system to another, the number of work 
days per year ranging from 10-30 days in rainfed rice production to 200-300 days for cart haulage 
(Petheram. 1991). It has also been pointed out that in ndonesia, DAP is most important in 
farming sqstems that are isolated from infrastructural facilities and have a high ratio of iana to 
population. It is also interesting to note that female buffaloes are more commonly used for work 
than males in most farming systems in Indonesia, which is related to the dual function, i.e. work 
and reproduction, of the females. 



Table 4. Buffalo draught activit~es and average time required per year in some Asian countries 

Activity Daysthead Hourslday Hourslyr References 
Ploughing 44-47 1 10- 1 1 1 Thailand 
Rak~ng/harrowing 21-26 16-29 (Chantalakhana ct . 199 1 > 
Carting 6-20 14-40 
Total work 5 1 -69 5 133-169 
Land preparation (?addy) lndonesia (Petheram, 1991) 

1 croplyr (rain fed) 10-30 3-5 
2 cropiyr (irrigated) 25-60 3 -6 
3 CI opiyr (irrigated) 60-9C 3-5 

Cart~r~g ( u p  to 30 knild) 200-300 ‘7 ) 

A ~ ~ I C L I  ltural Nor  k 80- 100 Philippines (Momongan, 19;2) 
TI l lage (paddy) 30- 120 7-G PR China (Yang. 109 I )  
Agricultural work 52 7 Sri lianka (Ranawana, 199 1 )  
Agr~cultural work 86 5 Nepal (Oli, 1991) 
Rural transportatroll - 5 5 -- 

It has been reported in  the Philippines that buffaloes of both sexes are used for work on an 
average of about 80 to I00 days per year (Momongan, 1992). In the Peoples Republic of China, 
the average total work days of buffaloes in rice growing areas per year is between 90 to 120, with 
the intensive working period falling in the spring and autumn, when draught buffaloes have to 
work :is long as 7-8 hours a day (Yang, 1995). In South Asia, the average total work days of 
buffaloes for agricultural work is 56 and 86 in Sri Lanka (Ranawana, 199 1 )  and Nepal (Oli, 1991) 

Factors Affecting Draught Capacity of Buffaloes 

In geel~eral, work production fiom buffaloes or any other draught anilnals is not a tangible 
commodity like meat or milk. There are such factors influencing working efficiency of buffaloes, 
as hariiessing systems, types of work, soil types, existing environment as well as sex, size, age 
and breed of buffaloes. The coml?lon measurement for working efficiency of animals in the field 
is conducted in terms of an amount of work output within a period of titile e.g. area ploughed, the 
atnount of water lifted. etc. 

Harnessing systems 

In Asia, the neck yoke is the [nost common harness used for buffalo either singly or in pair. The 
yoke is normally a wooden crossbeatn either straight or elliptical in shape, depending on the 
implement drawn. A rope tied at both ends is passed under the neck. Garner (1957) has pointed 
out two disadvantages of this method of harnessing buffalo. One is that the rope under the throat 
is pullzd tight against the buffalo's ivindpipe, restricting its normal breathing fitnction. Thus, the 
air-oxygen intake is reduced and fatigue sqts in within a very short period of time after the animal 
has begun pulling the load. Another :s tha: the yoke, which is in contact with only a small area of 
the buffalo neck or withers, digs into the flesh when a heavy load is pulled and causes discomfort. 
A coll,zr or a breast strap used In Thailand for almost 40 years has been shown to increase buffalo 
ability in ploughing and har-owing oy 25%. Although better technology in harnessing systems of 
the buffalo has been developed, Asian farmers for unknown reasons have not adopted these. Some 
of the limitations could be the lack of effective technology transfer or the availability of materials 
to protluce the collar or the Sreast strap. 

Sex, age and size of buffaloes 

Little ~nformatio~: is available on work output of buffaioes as influenced by sex, age. The findings 
of Chzintalakhana et ul. (1991) and Bunyavejchewin el ul. (1995a) revealed that under real farm 
condit~ons in Idorth-eastern Thailand, the size and age of buffaloes werc highly related to tl-eir 
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draught capacity. As far as the age animals was concerned, buffaloes at younger age (4-5 years) 
were able to plough larger area during the first tillage compared to buffaloes at higher age (6-10 
year-group and older than 10 year-group) on both sandy loam and clay loam (Table 5).  However, 
during the second tillage when work was lighter, the older buffaloes tended to perform better than 
the younger buffaloes on sandy loam, but not on clay loam. Bunyavejchewin et a!. f1995a) 
indicated chat the younger animals though smaller in body weight could achieve better work 
efficiency as compared to older animals especially during the first tillage when more power would 
be required to plough the nlore compact soil surface. For buffalo size, work efficiency of village 
buffaloes .is reported by Bunyabejchewin et al. (1995a) shows that smaller buffaloes tended to 
work more efficiently than larger ones in terms of area ploughed, especially with heavier work 
like at first tillage on sandy loam and clay loam (Table 6). Similar findings were reported by 
Chantalakhana et ul. (1991). Due to the limited number of male buffaloes available for on-farm 
study, the findings on differences in working capacity between male and female buffaloes in 
Thailand were not conclusive. The availability of other information as of today i s  very limited 
both for male and female buffaloes. 

Table 5. M'ork output of buffaloes at different ages. 

Type of Soil type Age Ave. body No. observed Ave. area G.V. 
worlc (years) wt. (kg) ploughed (m2/h) (%) 

I "  tillage Sandy loam 4-5 381.76 5 591.59 14,43 
6-10 
> 10 

Clay loam 4-5 
6-10 

'1 0 
znd tillage Sandy loarn 4-5 

5-10 
>I0 

Clay loam 4-5 
6-10 
>I0 459.30 

Source. D l l ~ ~ y d v c l c h e w ~ n  et nl (1995a) 

Breed types 

Buffaloes are used as multi-purpose animals in the Southeast Asian countries, i.e. for draught, 
meat and ~nilk, crossing swamp buffalo with riverine buffalo has been conducted in PR China, the 
Philippines and Thailand. It was evident in PR China that the swamp x Murrah crossbreds (SM) 
had better ploughing performance than swamp buffaloes (Yang, 1995). In contrast to the findings 
of  Kotianta et al. (1 986), swamp buffaloes in Thailand could significantly plough more land than 
SM crossbreds under the same environmental conditions. A comparative study of the Philippine 
carabao (PC), PC x Murrah (PM) and the Cambodian buffalo x Murrah (CM) during a 12-day 
field situation was evaluated (Sarabia ef al., 1996a). The ploughing ability of the PC (61 8 m2/h) 
was significantly higher that1 that of PM (575 m2/h) and CM (475 m2/h). The effects of breed type 
of buffaloes on work output are inconclusive. 

Meteorological conditions 

Due to physiological limitations of biiffaloes to hot weather in Asian region, farmers in general 
have traditionally limited the use of buffaloes to the etirly moming or the late afternoon hours to 
avoid heat stress in buffaloes. The working capacity of buffaloes tends to relate to time period 
during the day. During the hottest hours (1:30-2:30 p.m.) in Thailand, the performance of 
buffaloes 111 turning a water pump was sign:5cantly less efficient than during other time periods 
(7:30-8.30 .am, 9:UO-10:00 am, and 330-4:OO p.m.), in terms of revolutions ner minute 
(Bunyavej;hewin et al., 1985). In the Philippines, it was found that when work started at 3:00 
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p.m. oilwards, the area ploughed by buffaloes was larger than when started at 7 9 0  am or 7:30 am 
onwards, ~ h i l e  ambient temperature still progressed (Sarabia et al., 1996b). However, the 
efficienry of buffaloes in terms of work output was not shown in different time periods, during 
one hour of work, but the time periods did affect pliysiological traits of buffaloes 
(Buny;ivejchewin et a/., 1991; Sarabia et al., 1996b). 

Table ti. Work output of buffaloes classified by sizes. 

Type of Soil type Size Ave. body No. observed Ave. area C.V. 
work wt. (kg) ploughed (m2/h) c!&- 

IS' tillage Sandy loam S 3 54 3 507 5.90 
M 
L 

Clay loam S 
M 
L 

Sandy loam S 
M 
L 

Clay loam S 
M 
L 520 3 5 74 7.88 - 

Source Bunyavelcheivin. et ul ( 1995a) 
Note. 5 = Srn<?ll (<  376 kg). M = Medium (376-450 kg). 1,:- La~gc  (>450 hg) 

Future Prospects for DAP and Mechanisation 

In several developing countries, the numbers of small tractors on farms have been increasing 
steadily, due to promotion by both the government and private companies. This has led some 
people to believe that the use of DAP might soon be replaced by mechanisation. However, from 
actual experience during the last three decades, it is clear that such simple extrapolation is not 
correcl in many situations, except in  some irrigated areas in certain countries. Some analytical 
assessments that have been done at farm or village level indicate that because individual holdings 
are so small, it is not economical for each farmer to own even a small tractor. When they do, they 
use it on their own farrns for only 40-50 hours a year, becabse they have little land and 
insufficient water to grow crops outside the rainy season. At least 240 working hours per year are 
required to make the use of a small tractor economical. These farmers hire out their tractors to 
their neighbours during the remainder of the time (Chantafakhana and Bunyavejchewin, 1994). 
Apparently, i n  villages where there are both small tractors and draught buffaloes, many farmers 
use both DAP and a tractor, others use only DAP, while others use only a tractor for farm work, 
but keep buffaloes as saleable assets. 

From macro-level analysis, it has been recognised that numerous factors besides the availability 
of mechanised farm tools affect the sustained adoption of petrol power by farmers. These include 
the availability of irrigation water, the market price of crop products, the improvement of village 
infrastructure such as roads and electricity, the existence of off-farm job opportunities for 
villagers, government agricultural policies and other economic developments, such as 
industrialisation and the expansion of tourism (Bunyavejchewin el al., 1993; Sabrani, 1993; 
Chantalakhana, 1 994). 

The use of buffaloes on small farms in developing countries is definitely not a backward system 
of farming. However, it certainly -eeds effsctive and sustained support by research and 
development agencies so that it can be improved, not only from a biological point of view but also 
with regard to engineering, socio-economic and political aspects, 
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PLENARY SESSION - I1 

Buffalo as a Multi-purpose Animal within Farming Systems of Asia 

Discussion 
* 

Q. L.C. Cruz - There has been a discussion about the impact of technologies particularly on 
small farmers and there is agreement that when the management level is very low, the greatest 
impact can be obtained by improving nutrition rather than genetics, 

A. S.K. Ranjhan - 1 would like to give an up-date on the use of UMMB in India. The 
ruminant has been dubbed as an animal that produces more methane than other animals, When 
UMMR is given with poor quality roughages, the methane production is reduced and therefore 
environmental pollution is reduced. In India UMMB was first given in Gujarat and Maharasfra 
States. There were many problems and farmers did not accept it because of the manner in which it 
was dispensed. Many of the animals would eat much more of the block than required. The main 
principle involved in giving the UMMR was to allow the slow release of ammonia when animals 
lick the block. This did not happen. So they cut the block into required amount and fed it twice a 
day. But this defeated the principle of slow release. So another product was developed, which was 
the UblM granules so that there was a slow release of urea. This was well accepted by farmers. 

Q. A.N.F. Perera - When the granules were fed twice a day, what was the rate of release of 
ammorlia? Was the urea in the same form or as biuret? 

A. S.K. Ranjhan - If you wish to have morc information, I could give you the names of tlie 
scientists working on this. They have reduced the urea content from 10% to 5% and at this level, 
the required level of rumen ammonia was maintained. 

Comnrent: A.N.F. Perera - We tried the same method by feeding twice a day in the form of a 
bolus ancl monitored the urea ammonia levels in the rumen. The ammonia level gave a very high 
peak in 3 - 3.5 hr. and then declined to the required level of 200- 250 rng/l. This level was 
maintained for about 6-7 hr until the second bolus was given. 

Q. Anon. - What is the basis of fixing the pricc of buffalo milk in Italy. 

A. A. Borghese - The basis is the demand, because at1 the buffalo milk is processed into 
Mozerella cheese and it is very popular, We require more milk to increase production for export. 

Q. ?. Skunmun - I am getting old now, so I would like to know the composition of Mozerella 
cheese. 

A. A. Borghese - The water content is about 45 %. In this case we sell water and cheese. I 
can say that Mozerella has the highest price of cheese in the world, when you compare the cheese 
as dry mattsr, There is no problem with cholesterol, because you cannot eat 1 kg or 3 kg of 
Mozerella cheese. :f you consider the water content you will eat less mg, of cholesterol than if 
you eat butter or animal fat. 

Q. A. Borghese - I visited Haryana and Rajastan in North India. I noted that half the 
population is vegetarians and the other half, eats chicken. How is it possible to collect all the 
buffaloes that are distributed in far locations? 

A. S.K. Ranjhan - In India 75% are non-vegetarian, Most eat chicken and lamb. Only 
Wl~slims eat buffalo meat. Twenty years ago we had 50% buffaloes and 50% cattle. Now we have 
85% bufaloes and 15% cattle. This is becausq farmers are concerned when a male calf is born to 



his cow, he cannot sell it for slaughter and they have a problem. Eut if a male buffalo calf is born 
they can sc:ll it for slaughter, because t h e e  is 70 religious taboo on the slaugrter of buffaloes. We 
have 100,000 farmers registered with us. As soon as the calf reaches 200 kg and above, our 
network oj'suppliers collect and truck them to the company. 

Q. A . 0 . N  Chandrasiri - Cattleare considered as holy animals. When people get to know that 
you are slaughtering buffaloes would they not create p;oblems? What type of slaughter practice is 
adopted and is the Halal slaughter adopted? 

A. S.I<. Ranjhan - Yes, we have some problems. People show concern about slaughtering 
cows Bur no cows are slaughtered and also the Company plays this on a ;ow key. Our extraction 
r a s  ;s a b o ~ t  7% now, but we can go higher. We have adopted humam slaughtering practices and 
they are slaughtered by the Lralal method. lAnimals are made unconscious first and then they are 
s~aughteretl. 

Q. D.D. Cunawardena - 1 here is a common belief that animals that die of HS in the field are 
the best animals. Is there any basis for this belief? 

A. M C.L. de Alwis - Generally, a specific age group is affected, those between 6 m and 18 
m of age. 

Q. R.V.A.  Oswin Perera - Can carrier status in animals be eliminated by treatment with 
antibiotics 

A. M C.L. de Alwis - No. It has been experimentally established that organisms are lodged 
in the tons\ls which antibiotics cannot reach. 

Q. O.P. Dhanda - As a result of the current changes in the market and economic conditions, 
srnall holder farmers are switch~ng over to qcchanisation. They resort to h'ring tractors. The 
period o f t  ~e usef~~lness of!he buffalo throughout the year is limited. In this situation, the question 
is why should small holders lna~ntain buffaloes? 

A. P. Skunmun - 1 agree that the conditions are changing rapidly. ?'his is happening in 
Thailand also, but small holders come back to the draught animal lxcause of is not 071y drabght 

'i 1011. power that the poor farmer is interested in, but also in income gener-t' 

Q. M Thangarajah - Have you done any comparative sttldies on draught power with cattle? 

A. P. Skunmum - The buffalo is a marvelous animal in paddy la:.lds. Cattle are good for dry 
land, For this reason we have not carried out comparative studies. 

Comment. S.S.E Ranawana - The yolk of the harness used is unsuitable and disturbs the 
animal. New harnesses need to be de-/eloped to make the buffalo more efficient. 

Comment, H, Makkar - I agree with Dr. Skunmun that one of the reasons why small holders 
keep liveslock is that in tinies of financial difficulty, they can sell the animals. 
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Abstract: lndia has 82 million buffaloes that are mostly used for milk and meat production. The role of the 
buffalo as a draught animal has declined very fast due to mechanization of agriculture and increased use of 
cattle for dl-aught purposes. There is a 'shifl in the buffalo farming system towards milk production, with the 
result that i l  the three Northern States of India, namely, Punjab, Haryana and Uttar Pradesh, buffaloes account 
For 75 to 90% of the bovine population. In future, buffaloes will be used as dual-purpose animals for milk and 
meat prorluct~on in Ind~a. 

There are IS distinct buffalo breeds that account for 20% of the buffalo population, whereas 80% of buf'Falo 
population is still of the nondescript type The upgrading of the nondescript bufhloes with the Murrah breed, 
has been initiated in many States to improve the milk production. India produces about 32 million tonnes of 
milk ?nd 1 .:! million tonnes of meat from buffaloes. Feeding las For buffaloes have not yet been established, but 
efforts in thrs direction are being made. 

Introduction 

Livestock forms one of the important sub-sectors of Indian agriculture. Sustained growth in the 
livestock sector has made a beneficial impact by generating employment and reducing rural poverty. 
More than 650 million people (65Yo of  the population) live in the rural areas. Of the total number of 
households about 73 percent own livestock. The income from livestock production accounts for 15- 
40 percent of total farm household incomes. Small and marginai farms account for 75% of these 
households, raising 56 percent of the bovines (cattle and buffaloes). and 62 per cent of the sheep 
population. 

Among the livestock sector, cattle and buffaloes play an important role. In 1945, India accounted for 
15 percent of worid cattle population and 53% of buffalo herds. The cattle and buffalo population in 
India is given in Tabl.: 1. 

Contribution of the buffalo in milk and meat production 

Suffaloes in lndia are mostly used for milk and meat production. The role of the buffalo as a source of 
draught animal power is decjining very fast due to mechanization of agriculture and increased use of 
cattle for draught power. This shift in the buffalo farming system towards milk production is because 
the buffalo is now emerging as the major milk and meat producing animal in India. 

Milk Production 

Buffaloes Are no-Y used in marzy countries to provide draught, milk and meat, but the domestic buffalo 
remains essentially an Asian animal. Table 2 shows the buffalo population in India in relation to the 
world population and some selected eout~tries in t h e  Asian regions. The table also gives the milk and 
meat oroduction data, lndia with 53 per cent of the world's buffalo population, produces 64% of th.: 
world buffalo milk production, 

Buffalo milk has 5igher fat and calcium contents. 3uffalo milk fat has less cholesterol arld more 
tocopherol, which is a natural anti-oxidant. Buffalo zr. ilk is ideal for making Mozzarella cheese. 
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Table 1 ,  Cattle and buffalo population and milk production in India 

Year 

1983 
1986 
1993 
1994 
i 395 
1996 
Growth Rate in 

Population Milk production 
(in millions) (million Tonnes) 

Cattle Buffaloes Total Cow Buffaloes 
193.8 71.6 38.8 16.3 21.4 
197.9 77.2 46.1 19.5 24.7 
192 7 78.5 60.6 25.4 3 1 .O 
193.6 79.1 64.0 25.8 32.6 
194.7 79.1 66.2 30.4 33.2 
196.0 80.1 68.6 30.8 34.8 

0 1 0.8 4.1 4.6 3.5 
199611 963% (per year) 

Source F A 0  Selected Indicators of FA0 In ~ s t a  B Pacific 1983-1993 and 199611963 adjusted by Malhotra, S P, 1998 

Table 2. Buffalo population, milk and buffalo tneat in lndia and the World in 1996 

Item Unit India China Pakistan World 
Population Mill~on 82.0 22.8 20.2 152.0 

Share % age 52.7 15.0 13.0 100.0 

Buffalo m~lk M~llion tonnes 34.8 2.2 14.8 54.6 

Share O/o age 63.4 4.0 27.0 100.0 

Suffalo mzat Million tonnes 1.2 0.4 0.5 2.7 

Share % age 44.4 14.8 18.5 100.0 

S o ~ ~ r c e  F A 0  Reg~onal Office for Asla and I'acitic Selected Ind~cators of kood & Agriculture (1986-l996), Bangkok 

Meat Production 

Trends in livestock population, slaughter rate, carcass weight and meat production in India over 2 
decades (1975 to 1995) are shown in Table 3. About 5% of cattle and 10% of buffaloes are 
slaughtered each year. This is equivalent to about a third of the potential cattle off-take and about 213 
of the potential off-take of buffaloes. With increasing mechanization, the demand for draught animajs 
in  the States of Punjab, Haryana, Uttar Pradesh is declining, resulting in a surplus of male buffaloes. 
The concept of fattening young buffaloes is largely unknown in India. However, buffalo meat 
processing has developed into a full-fledged business and relevant products are narketed at various 
stages to meet the dowestic as well as the export demand. 

Breeds and Performance 

Murrah. 'This is the most important breed of domestic Indian buffalo and is distributea throughout 
India and several foreign countries (Ranjhan 1998). The home tract of the Murrah spreads over 
Haryana, Delhi, 'punjab and Western Uttar Pradesh. It is a heavy animal with curled horns. Adult 
males may weigh between 450 and 800 kg and females between 350 and 700 kg. The milk.yield 
varies frorn 1030 to 3000 kg per lactation. The average yield is between 1400 and 2000 kg per 
lactation of 300 days (ICAR, 1966). 
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Suffalo production in India 

Nzli-Ravi: In the year 1960, the two separate breeds of Ni;i and Ravi were described as one Nili- 
Rav; breed. It is the main buffalo of Pakistan. In India, it is f o u ~ d  in Ferozepur District of Punjab, 
and adjoining districts. It is a heavy breed and the colour of tke skin is black with white markings 
on forehead, face, muzzle, legs and switch are seen cowlnonly. The average body weight of the 
adult is 600 kg and produces about 2500 kg of milk in one lactation of 300 days (ICAR, 1966). 

Mehsana: The Mehsana District of Gujarat State and adjoining areas are the home tract of the 
Mehsana breed. They are widely distributed ir-, Gujarat and parts of Maharasntra State. The 
Mehsana buffalo is one of the main milk sources for various dairies operating in Gujarat and 
Maharashtra State. This breed has resulted from inter-breeding of Surti and Murrah breeds and 
has characteristics of both breeds. It is a medium sized animal weighing 350-550 kg. The horns 
are curved and,sickle shaped. The milk yi-.ld varies fiom 1300 to 1800 kg in a lactation of 300 
days. 

Surti: The home tract of Surti buffalo lies in Kaira and Vadodra Districts of Gujarat State. It is 
the main animal around the area where the large co-operative dairy, Kaira District Co-operative 
Milk Producer Union Ltd. is functioning z..d de~leloping rapidly. The Surti buffalo is a medium 
sized animal varying from black to brown in colour. Many animals of this breed have two white 
chevrons, one just around the jowl from ear to ear, and the other just on the brisket, like swamp 
buffaloes. The average milk yield varies from 990 Po 1730 kg in a lactation of 300 days. The milk 
is rich in butter fat ranging from 7 - 8 per cent. 

Zaffarabadi: The breed is found in the Gir forest of Gujarat State around Zzffarabad town. They 
are strong, massive animals with prominent convex forehead and heavy, broad, corrugated and 
drooping long horns curved upward at the tip in a characteristic fashion specific to the breed. Ears 
are large and drooping. The average weight of adult bu!ls is 590 icg and adu!i female is 454 kg. 

Bhadawari: The animals are distributed in Agra, Ztawah and ihansi Districts of Uttar Pradesh. 
They are light to medium sized buffaloes and the yield varies from 470 to 2070 kg of milk with an 
average butter ;at content of between 8 to 13% in a period of 300 days. 

Tarai: It is found in Tanakpuri-Ramnagar, U.P. The mill; yield is Setween I000 and 1200 kg in a 
period of 300 days. 

Nagpuri: It is a light breed found in Nagpur, with a body weight of 350 kg. The milk yield is 
around 1050 kg per lactation. 

Pandharpzai: It is found in south Maharashtra, and parts of Andhra Pradesh and Karnataka. It is 
a medium sized animal producing about 1200 kg of mil!:. 

Kalahandi: The breed is found in Andhra Pradesh and Orissa. It is gray in colour, and produces 
around 1200 kg of milk per lactation. 

Idanda/Ganjarn: It is found in Andhra Pradesh and Orissa. it is a medium sized brsed producing 
around 800 to 1000 kg of milk. 

Sambalpuri: It is found in Orissa and is a medium sized breed. 

Toda: The breed is found in Nilgiri Hills in Tamil Nadu and is a large sized animais prodicing 
about 1400 to 1500 kg of milk. 

There are also breeds of Sikkimese, Assamsse m d  Sorath Kanara in the Sikkim, Assam and 
Mangalore regions. 
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Importance of Production Systems 
-. 

In India, the predominant buffalo production system is the traditional small scale system 
involving small numbers of animals (2 to 5 buffaloes), that are raised by small holders primarily 
for milk production, and secondarily for meat production. When buffaloes are old and become 
uneconomical due to reproductive disorders etc., they are slaughtered for meat. A very small 
number (about 7%) is used also for draught. There are no feed lot management systems, 
especially for raising of buffaloes for meat production, unlike in Egypt. Females are used for 
breeding and milk production and males are used for meat/draught. 

Constraints 

Low I'roductivily. In India, about 80% of the buffaloes are of the nondescript type and 
consequently, milk and meat production are very low. 

Seasonal Breeder: Although buffaloes breed all the year round, in practice they are generally 
seasonal breeders, depending upon the ambient temperature and availability of feeding resources. 
Silent heat during summer is very common. 

Qualily of Milk and Meat: One of the greatest weakness of Indian dairy industry is the quality of 
the meat. The basic reasons are lack of hygiene and sanitation at the production level. 
Furthermore, adulterants and neutralizers are also used to increase the shelf life of the milk. 
Buffaloes are not specially reared for meat production. Consequently, the meat is not very juicy 
and tender. 

Research and Development 

I'he evaluation and conservation of indigenous breeds: The importance of conservation of 
the important buffalo breeds, namely, Bhadawari, Surti and Jaffarabadi which show a decline in 
numbers due to crossing with Murrah, has to be emphasized. Breed-wise generation of data needs 
to be undertaken for developing a meaningful breed improvement programme. 

Progeny testing- Progeny testing of bulls of the dairy buffalo, namely, Murrah, has to be further 
strengthened. 

Feed lotfor buffaloes i'_ ?ackage of practices needs to be developed to utilise male buffalo calves 
for meat production. R and D efforts should be directed towards evolving cheap economic rations 
for meat production. 

Reprociuction and artzJiczal insemination: The conception rate of buffaloes through artificial 
insemination (AI), is low when compared to cattle. This coupled with the problem of silent heat 
during summer period and longer inter calving periods, requires special R and D efforts on the 
part of reproductive physiologists to tackle these problems. 

Genetlc improver7ent by using MQET in progeny testing: The expected genetic gains in milk 
production using MOET in addition to progeny testing, gives better results. R & D focus in this 
direction has been initiated at a few research stations in India. 

Future Strategies 

Small scale buffalo farming is likely to continue in India for about another half a century. 
Agriculture mechanization and adoption of new technologies will continue. The major portion of 
milk will come from buffaloes as more and more farmers in North India are shifting tow~rds  
buffalo production. Consequently, the share of buffalo meat production will also increase. The 
qualib of buffalo meat is considered good since it is lean and fat and cholesterol levels are lower 



than those of beef from cattle. It is expected that the buffalo meat will gain more popularity and a 
few feed lots may also be established, 
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The Iomes+;cated buffalo (Buhalus bubalis) in Malaysia is represented mostly by the swamp type. 
Sespite i h ~ :  importance of the buffalo in rice cultivation, there has been a steady decline (about 
12%) i~ the >opulation in Malaysia over the past 50 years. However, the current research and 
development (R&D) efforts are considered inadequate to prevent a continuous slide in the 
population, let alone reverse the trend. There is certahly a need to consolidate ongoing research 
activities and at the same time expand into new important areas. This paper presents the status of 
buffalo production in Malaysia and highlights the efforts made '0 sxuloi' ful. cstep+;ai of 
buffaloes for meat. 

Importance of the buffalo in the national economy 

For many centuries, the buffalo has played an important role in the o-~erall grcnlt:? c' the 
Malaysian agricultural industry. The buffalo provided draught power for ihe cult'vzflcrr of rice. 
During the past few decades, Malaysia experienced a rapid increase i r  humrq popl-lation lezfing 
to an upsurge in the demand-driven consumption of l i  ~estock products. While the poultry and pig 
industries responded to this demand, the ruminant sector suffered severe constraints on the 
production systems. As a results the cattle and buffalo industry lost a major share of the market to 
imported beef and dairy products 

Buffalo population and types 

The domestic water buffalo, con~monly found in this country, has teen classified into river and 
swamp types. In 1998, the total population of buffaloes in Malaysia was about 170,000, They 
were concentrated mostly in the rice growing states of Kerantan, Terengganu, Kedah and Pahang 
in West Malaysia (60%). The swamp buffalo is used for ploughing, harrowing and puddling rice 
fields. At the end of its working life, the swamp buffalo is slaughtered, accounting for about I6 
percent of current meat supply. The population of river buffaloes is less than 2000 head of Murrah 
buffaloes brought by Indian immigrants at the beginning of the 20Ih century. 

During the past two decades, there has been an alarming decline in the buffalo population ir 
Malaysia with an average rate of population decline of 1.2% per year. This decline had been 
attributed to displacement of the buffalo with machinery for draught power i:? the rice fields, losg 
multiplicatio~ rate and high extraction rate. Most farmers in rice growing areas discontinued 
rearing of buffaloes due not only to labour shortage, but also to limited availability of grazing 
land. 

P~oduction systems 

3uffaloes in Malaysia are raised under two types of production syste:ns depending upon the 
producer, the availability of feed and market opportunities. These systems can be broadly 
classified into :he traditional smallholder or village system and the mare recent improved system. 
The srnallholder system accounts for over 95% of buffaloes. It is based on an integrated crop- 
livestock system where :armers maintain 5 to 10 buffaloes in less than 2 ha of land. Buffaloes 
graze during the day in communal grazing grounds or in rice fields after harvesting of rice. 
Breeding ofter, occurs in the commcnal grazing grounds. The improvecl productior system is 
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practised in two institutional farms at the Agriculture University (UPM) and the Malaysian 
Agricultural Research and Development Institute (MARDI). Animals are managed in established 
pastures for research on beef production. 

In Malaysia, the contribution of the buffalo in terms of draught power is seconaary to beef or milk 
production. Less than 1% of the buffalo pop.llstion is used for draught. ?rior to the introduction of 
the double cropping system in major rice growing a:eas in Peninsular Malaysia, buffaloes were 
used extensively for draught power and in land preparation. Since the early seventies as more and 
more machinery were introduced into the rice planting operations, buffaloes have been displaced. 

The potential of buffaloes for draught power in the oil palm plantations appears to be promising. 
Since the early 1980's buffaloes have been introduced in oil palm estates to haul oil palm fresh 
fruit bunches (FFB) from the field to the main collection centres. Castrated swamp buffaloes, 1.5 
to 2 years old and weighing approximately 200 kg, were trained for work in the oil palm 
plantations. The buffalo increases the efficiency of harvesting FFB in terrains where the use of 
machinery is both difficult and uneconomical. Using carts powered by a buffalo, a worker could 
increase his work efficiency by 2 to 3 folds and there~y increase his earning capacity. On a 
normal working day, a buffalo hauls about 4 to 5 cartloads of FFB, which is equivalent to 2.0 to 
2.5 tons of'harvest as compared to 1.5 tons if collected by a manual cane basket system. Buffaloes 
are worked for 5 to 10 hours daily depending on the needs of the farmer. The buffalo's working 
life spans from about 4 to 12 years of age. 

Rearing of buffaloes for milk production is not prevalent among the majority of buffalo 
producers. Dairy buffaloes are found mainly in farms close to major cities where ready markets 
for milk are easily accessible. Herds of 5 to 25 animals, mostly owned by Indian farmers, are stray 
grazed and fed home made concentrate rations. Milk yields from the river breeds are also low 
compared to crossbred cattle. 

Constraints and research priorities 

Nutrition 

The feed resource for buffaloes is mainly rice straw. Rice straw can supply 2 substantia! part of 
the maintenance requirements of buffaloes, but their ability :o meet production cequirements is 
limited. 

Poor digestibility and limited intake of the forages and feeds normally co.lsumea by buffaloes and 
the low availability of dietary nitrogen are major limitations to buffalo production. In smallholder 
systems, buffaloes are grazed during the day and confined at night and fed only rice straw and 
sometimes a small amount of concentrates, usually rice bran and/or coconut meal. The overall 
effect is that the level of energy and protein intake remains low. 

Deficiencies of minerals (particularly P, Na and Cu) have been identified in a .lumber of iocslions 
in West and East Malaysia. Also swamp buffaloes working as draught animals in oil paIm 
plantations suffer from metabolic diseases, which are related to mineral deficiet?cies whic'l affect 
the balance of minerals in the diet. 

Reproducrion 

Most buffi~loes, particularly the swamp type, produce two calves every three years. Under field 
situations, due to biological limitations as well as the seasonality of feed supply, it is not possible 
for a buffalo to calve and then conceive immediately during the next few vonths w h e ~  feed is 
still abundant. Thus breeding is delayed until the rext yeay. Also most male buffaloes are 
castrated for draught purposes restricting opportunities for mating. 



M.R. Jainudeen and M. Wan Zahari 

Diseases 

In general, buffaloes are more resistant to diseases than cattle. In most countries, icTeoascardis 
vitulorum and Fasciola spp arc major parasites inflicting heavy mortality in the buffalo, but in 
Malaysia, the most pathogenic parasites are coccidia and strongyles, which cause enteritis and 
gastro-enteritis in buffalo calves below three months of age. 

Research and Development 

Recognising the importance of the buffalo in agriculture, both the Agriculture University (UPM) 
and the Malaysian Agricultural Research and Development Institute (MARDI) established 
research farms in the early 1970's to study the potential of the swamp buffalo as a meat producer. 

Research achievements covering aspects of birth weight, growth rate, reproduction nutrition and 
feed resources utilization, rumen manipulation, meat quality, breeding and genetic improvement 
are reviewed. 

Birth weight and growth rate 

The mean birth weight of swamp buffalo calves at MARDI Research Station were 31.2 kg for 
male and 3 1.0 kg for female while the average weight of fully grown adult male and female is 
about 450 kg and 390 kg respectively. The mean daily gain of 12 to 18 month old buffaloes or: 
improved pasture was 0.42 kg. Two year-old draught buffaloes grazing only the native pasture 
available in oil palm plantations produced daily gains of 0.55 kg. Only limited work has beer 
reported on the performance of fattening swamp buffaloes in feedlot. Swamp buffaloes fed 50.5% 
palm kernel cake (PKC), 15% palm press fibre (PPF), 30% palm oil mill effluent (POME), 1% 
urea and 3.5% mineral-vitamin premix produced an average daily gain of 0.58 kg/day. 

Reproduction 

In the UPM buffalo herd, there has been several advances made in the field of reproduction. 
Hormone assays have been used to study the reproductive physiology and reproductive problems 
such as failure to restore the oestrous cycle following calving (postpartum anoestrus), which is 
one of'the major causes for the long calving intervals. Both suckling and nutrition influence the 
calving to conception intervals. The phenomenon of "silent oestrus", once believed to be a major 
problem, can be overcome by improving oestrus detection techniques. 

The female buffalo is polyoestrous. The oestrous cycle is 2 1 days and oestrus lasts 18 to 21 hours. 
Overt signs of oestrus are less obvious than in cattle. Oestrus commences during late evening wi.h 
peak sexual activity occurring at night. Although matings do occur during the day, the intensity of 
sexual activity is usually depressed. For oestrous detetion buffaloes are penned and tested daily 
between 2000 h and 2200 h using a vasectomised buffalo fitted a marking device. In the swamp 
type, puberty occurs at about 24 to 36 months age, the age at first calving is 39 to 56 months and 
the mean calving interval is about 532 days. The gestation length of the swamp type is about 33G 
days. Swamp buffaloes have been artificially inseminated with frozen semen of the river buffalo. 
The hybrids are heavier, with higher growth rate and fertile. Studies at the MARDI Researck 
Station, Bnkit Ridan, have shown that Sreeding of buffaloes under intensive systems gdnerates a 
higher calf crop than in the extensive system. 

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

Several studies have been conducted to improve the digestibility and nutritive value of fibrous 
crop residues through physical and chemical methods. However, only in a limited number of 
project locations nsts the effort been made to transfer this technology to small farms. 

Increased production from buffalo on straw diets can be achieved by spraying the straw with urea 
to increase the efficiency of straw fermentation in the rumen. This established technology has, 
however, not been generally applied at the village level. Urea treatment of straw has now been 
replaced by enhancing the utilistion of straw with small amounts of both soluble and by-pass 
energy and protein. The soluble energy and protein in the diet as molasses and urea will stimulate 
the microbial activity of the rumen due to increased straw intake. The by-pass component of the 
diet is cotton seed meal or high quality forages such a Lcucaena or cassava leaves. 

A recent ir~novation to facilitate maximal utilisation of least cost basal diets is the development of 
gelled molasses/urea lick or block. The use of solidified feed olocks containing molasses, rice 
pollard (or bran), minerals and a high concentration of urea nave undergone prelimiqary testing as 
a means of correcting fermentable N deficiency in the river and swamp buffalo. Since blocks can 
be fortified with both macro- and microelements and other ~otentially essential nutrients for 
rumen microbes and the animal, they may also be considered for correcting multi-vutritional 
deficiencies. 

Formulations for the fattening of buffalo calves using local feedstuffs, such as oil palm and rice 
by-produc:~, have been made to obtain high average daily weight gain. Swamp buffaloes raised 
on feedlot using oil palm by-products as major feed ingredients can reach a normal growth rate of 
about 0.551 kg per day and age at puberty was significantly lower in bulls on intensive (21.5 
months) than in bulls on free grazing (28 months) systems. 

Conclusions 

Double cropping. mechanisation and replacement of juffalo power in rice farming have 
drastically affected the traditional system of buffalo rearing i l l  Malaysia. P concerted effort must 
be made to arrest the decline in the buffalo population and promote buffalo draught power ir? oil 
palm plantations and meat production. 

Tlie prosp~:cts for beef production from buffaloes managed in oil palm plantations and fed palm 
oil milling by-products are indeed very good. Large-scale feedlots could be establisned in oil 
palm estates. Buffaloes for these feedlots could be raised within the oil palm plantations. Breeding 
herds neecl no additional grazing land other than the land under palm while supplementation is 
limited to prolfiding rineral licks. The reproductive performance in such herds is superior to 
those in the institutional herds maintained on established pastures. P, herd of 100 breeding 
females could provide about 50 weaners for fattening each year. If growth rates of calves are 
increased through crossbreeding with the river type of buffaloes, average daily gains of about 0.7 
kg could be expected. 

Research and Development agencies should focus on improving the productivity of the buffalo, 
which has adapted admirably to the Malaysian environment. 'The swamp buffalo could then fulfil 
its role as a meat producer more effectively and also provide the draught power to the oil palm 
industry. 
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Introduction 

In the Philippines, the carabao, a swamp type buffalo (Bubalus bubalis Linn., 2n=4E) plays a 
major role in the traditional farming systems. Millions of farmers rely on this animal for draft 
power for almost all farming operations such as land preparation, hauling, pack animals and other 
tasks. The carabao also provides the farmer with income from the safe of milk and live animals 
for slaughter. The hides are used in the leather industry and at least 70 tanneries benefit from 
skins and other by-products (hooves and horns). The estimated value of production in 1998 was 
12.1 billion pesos of which 8.1 billion pesos is in the form of draft, 3.5 billion pesos is in the form 
of meat and the rest is the form of milk and hide. 

Undoubtedly, this huge animal resource will continue to ?lay this role for many years to come, as 
there has been a dramatic increase of land ownership below 1.0 ha and a corresponding decline in 
land a mership above 2.0 ha in the last decade. This development ensues as the land available for 
sultivation continuously declines as a result of the increase in urban usage, as against the relative 
increase in the number of people in the rural villages. Under such a scenario, the only logical 
consequence is to intensifL crop-livestock integration, maximize the utilization of the available 
biomass for production of food to increase income. The water buffalo is perceived to play a very 
significant role in such sustainable crop-livestock integrated systems by providing draft power 
while at the same time converting fibrous plant materials that is not suitable for human 
consu~nption into protein rich food. 

Notwithstanding the potential role of the buffalo in the crop livestock system, there is also an 
increasing transformation particularly in integrated rice-producing areas, where the carabao is 
increasingly being replaced by the small hand-tractor as source of farm power. Under such 
development, the carabaos can be harnessed as potential source of meat and milk. 

Population Trend, Growth Rate and Slaughter Rate 

The carabao population in 1999 was 3.01 million, 99% of which is found in smallholder farms, 
the sector that constitutes the overwhelming majority of the country's agriculture, while the rest 
are raised in commercial farms. This important animal has been of use primarily as a source of 
draft power and meat. From 1991 to 1994, there was a decline in the population at an average rate 
of 3.58% per year. This has been the result of an imbalance between the high extraction rate and 
the slow rsproductive rate. From 1995 to 1999, the carabao population changed positively from 
2.71 to 3.01 million or at an average rate of 3.Wo. The increase in the population may be 
attributed to importation of buffalo meat, which startec in 1993. This resulted in the reduction in 
extraction rate from the domestic population (Table 1:. 

An average of 220,423 heads of carabaos were slaughtered yearly from 1992 to 1999, at an 
average yearly extraction rate of 7.96% of the population (Table 1). The slaughter rate which has 
been increasing during the period 1991 to 1994, showed the lowest value in 1995, while it 
gradually increased by 5.5% from 1996 to 1999. The positive growth in carabao population 
started in 1995 when the slaughter rate was lowest and carabeef importation assumed a major 
share of the beef industry. In 1999, the number of buffaloes slaughtered rose again to 8.45% of 
the total carabao population. 
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Table I Total carabao population; total slaughter and carabeef importation (1 992-; 999) 

Item :992 1993* 1994 1995 1996 1997 1998 1999 

Total ca&ao 2.58 2.57 2.55 2.71 2.84 2.98 3.01 3.01 
pop~~l~ition 
(M head) 

Total slau:;hter 21 1.6 21F.4 225 8 196.6 208.43 225.52 225.79 254.25 
( 300 [lead) 

Carabeef No imports 
Importation 

Qurnt;ty (-000Mt) 0 436 0.946 17.21 21.20 21.80 2'.38 34.43 
Value (M Pesos) 12.6 272.5 5 19.9 719.4 719.4 1,017 

*Year PCC' \\.as establ~sheci 
Source. BAS, NSO and NMlC 

Analysis of Industry Gaps 

Growing gap between supply and demand 

From 1980 to 1994, the carabao sub-sector experienced a significant decline in population at an 
average rate of 1.9% per year. However, an increased of 3.6% was achieved from 1995 to 1999 
(Table 1 ). In many respects, the decline in population reflecks a reduced potential of the subsector 
to produce, be it in the form of farm power, meat and m:lk, a summary analysis of current and 
future pattarns of supply and demand is presented below. 

Demanlf.f;w meat vs. supply 

The average annual production of beef and carabeef during the last five years (1992-1996) was 
197.9 and 105.7 ('000 MT), respectively. This supply is continuously being provided mainly by 
local production. Between I991 to 1996, importation began to contribute a major share to the beef 
supply situation. Imports, which accounted for only 9% share of the beef supply in 1991 rose to 
22.36% in 1996. There was a more dramatic increase of carabeef, which saw importation of 
buffalo meat rise by 7,796% from 1993 to I999 (Table 1). The increase in imports is a reflection 
of the increase in demand and perhaps an increasing capability of the consumer to purchase. The 
effect of these importations in the short and medium term has been reflected in an increase in 
population of both sectors (27.5% for cattle, from 1.63 million 1990 to 2.25 million 1997 and 
16% for carabao from 1993 to 1 997). 

Over a 15 year period, (1980-1995), the overall meat cons~mpion  by Filipinos grew by 41%. 
Beeflcarabeef consumption grew milch faster (72%) than other meat products except for chevor: 
during the same period. With increasing population and ;he zxpected increase in buying c a p a c i ~  
as a result of an improvement in the economy, meat consumptio-- is likely to increase even more 
in the future. This implies that there will be an even bigger market for beeflcarabeef. Meanwhile, 
the continuing influx of low/cost beefkarabeef produ~ts, particularly manufacturing grade beef, 
may create a dent in the price structure ofthese products in the domestic .narket :r. the fdture. The 
long term effects and extent of this impossible irllplication must be assesset and appropriate 
actionslrecommendations be made. 

Demand vs. supply for draft power 

The rate of substitution of carabaos with small hand Factors in selected irrigated rice-prcducing 
areas is about 35% during the last few years (Table 2). ?is could have beer. 5roag!-.: a5out by the 
increase i n  wages in the agriculture sector and the benefits Srought about 'ay mechanization of 
farm activ~ties. The pattern however, is not seen in selected rainfed and uplandlhilly areas where 
carabaos remain as the major source of farm power. -n recent years, the increased demand for 
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labour outside agriculture and changes in land use pattern brought about by industrialization have 
considerably altered the agricultural landscape. Ownership of land at 1 ha and below increased by 
about 70% between 1980 and 1991, while those for land areas larger than 1 ha changed negatively 
f Figure I ) .  This trend only manifests the expected reduction in size of land ownership, due to 
decreasing area of agricultural land and a corresponding increase in relative number of people 
working in the farm in the last severr' years. 

'?able 3. Carabao substitution by small hand tractors for farm activities 

Agroclimatic zone Estimated replacement % 
Irrigated land 15- 35  
Rainfed land 3 - 5  
Hilly land 0 

Year 

Fig. 1. Percentage distribution by land size in Philippines ( I  960 - 199 1) 

It follows therefore that intensification of farming will have to take place in the coming years as 
available land area per farmer becomes smaller. Usage of farm machinery may be effected by 
econotnies of scale and the perceived increases in cost of oil and spare parts of farm machinery. 
Thus, it becomes clear and logical that crop-livestock integration is the system of choice if a more 
slnstahable production is to take place in the coming years. Buffalo as a source of draught power 
and organic fertilizer as well as a converter of farm residues that normally are not suitable for 
human consumption would be an indispensable component of the future sustainable crop- 
livestock fanning systsms. The extent and continuing role of this important animal as a source oC 
draft power has to t7e assessed in the light of this changing agricultural economic landscape. 

Demand vs. supply of milk 

The increasing human population and fast urbanization, coupled with increasing per capita 
income, are indicators of the potential increase in demand for fresh milk and milk by-products. 
The need for additional sources of nutritious food is also dictated by the high rate of malnutritior 
among, children, 
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The growing demand for milk and dairy products is reflected in importation which registered an 
increase of 19% and 23.91 % in 1994 and 1995, respectively, as domestic production (historical 
average of 17.04 million liters, 1989-1993) still remains below 1 % of the total requiren;ent (Table 
3). It is expected that the gap between local milk production and actual demand will wiaen in the 
future unless a suitable mechanism is installed. With sustained efforts to produce potential 
milking carabaos via a massive introduction of dairy buffalo germplasm, the potential 
contribution of milk and related products from the buffalo sector is expected to increase a few 
years from now. The gamut of forces required to realize this expectation need to be fully 
understoocl and installed. 

Table 3. Milk cansumption and importation (1 992-1 998) 

Item 1992 1993 1994 1995 1996 1997 1998 
Total consumption 1,024 1,056 1,072 1,088 1,120 1,152 1.168 

(million/kg/yr) 
Local protluction 1 3.43 12.50 '2.12 12.1 1 11.50 10.22 9.24 

(millionikglyr) 
importation 
Volume (1,ME Mlkg) 1,102 1,089 1 296 ' ,606 1,379 1,671 1.392 
Value (million US $) 264.7 270 9 330 438.1 1 405 02 444.10 312.92 

Source N a t ~ ~ ~ n a l  Dairy Authority 

Factors Affecting the Productivity of Carabao 

Technical, social, economic and policy factors influence the productivity of the carabao sub- 
sector, just like in any biological system. Below is a summary presentation of the main constraints 
to local carabao production. 

Productiun/technical constraints 

B~,7kogiccrl characteristics of carabaos 

Water buffaloes have an inherently ionger gestation period than any other domestic farm 
ruminant. The average gestation length is 3 10 to 3 15 days. Given a postpartum service period of 
60 to 90 clays, production of one calf per year is unlikely to be echieved even under the best 
conditions. This characteristic would have a major effect on :he measure of the overall 
reproduction efficiency over a given period. 

The Philippine carabao is essentially a swamp-type buffalo and is recognized as a draft animal. It 
has the potential for meat production but has low genetic potential for milk production. The 
genetic potential for growth and milk production can be improved through the introduction of 
dairy buffalo germplasm, long demonstrated to be poss;ble. The inherent long gestation period, 
longer set-vice period and late period of reproductive maturity render the production of highly 
upgraded t>uffaloes through continuous backcrossing a relatively long process. In essence, it will 
take about 15 to 20 years or 4 to 5 generations of backcrossing to get an animal tt-at would 
express milk production close to purebred dairy buffalo. 

It appears that the most practical approach to carabao-based enterprise development is to develop 
a significant number of highly productive buffaloes through sustained upgrading and infusion of 
germplasm from elite sires. However, infusion of low-cost, highly production dairy buffaloes 
from the other continent so that the envisaged specialised milk production from buffaloes would 
take place is risky due to the possibility of introduction of exotic diseases from the country of 
animal origin. Acquisition of highly productive dairy buffaloes fron other sources is hampered by 
the inherently high cost of importation. Under such conditions, tbe only option possible is to 
acquire semen from elite sires. Another possibility is to source embryos from other countries, 
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which may be realised, as techniques of superovulation and IVMIVF in buffaloes are fully refined 
to acceptable ef5ciencies. 

Socio-economic constraints 

Raising carabaos in the villages has been largely associated with crop-dominant farming systems. 
Under this scenario, the carabao is regarded as a source of draft power and secondarily, as a 
source of income. This farmer's perspective has a major impact on the management and overitll 
development of carabaos in the villages, Crops, being the dominant source of cash, take the 
premium attention as well as investment. The willingness of farmers to put in a cash outlay to 
procure inodts such as fertilisers and insecticides is associated with the expected gain to be in 
their hands ir short span of one cropping season. In fact, the carabao is considered the input in 
this cropping system. 

Farmers whose stocks are kept primarily for draft, do not appreciate much, the benefits that they 
can derive from improved reproduction and production. In fact, the substitution of carabaos with 
small hand tractor for farm work is increasing, particularly in intensively cultivated, irrigated 
areas. Farmers whose main purpose of keeping carabaos is for draft find it more convenient to 
maintain their hand tractors, where possible, than to take care of draft animal throughout the yeiu. 
This is particularly true in areas where seasonality in cropping and farm activ~ties are seen, e g. 
rice areas, as ?eriod of field work when animals are actively used is shorter than the time the work 
animal is at rest. Farmers find it as an extreme burden to maintain carabaos over this long rest 
period just to have the animals ready for the next short working season. However, in areas where 
farmers get substantial cash income in the form of daily sales of milk, institution of improved 
husbandry is readily seen. This has been increasing in areas where farmers have animals with 
higher capabilitj to produce milk. 

The constraints associated with the slow rate of technology adoption can be partly assessed by 
taking cues from the above discussion. At the industrial level, the option to raise carabaos 
primarily as source of income is largely influenced by relative profitability. Compared to cattle, in 
generiii,/carabaos are priced much lower as source of meat. This pattern emanates from the fact 
that a larger percentage of carabaos sent to the meat market are old and retired draft animals. 
Under this condition, farmers who raise and sell carabaos at younger age for meat are therefore 
penalised. This pricing structure can be expected to persist for some time. Considering that a 
larger proportion of locally produced carabao meat goes to processors, availability of low-cost 
imported buffaloes meat through importation, the extent to which this recent development can 
influence local buffalo meat production is yet to be determined. 

Development of carabaos as source of milk for household and community consumption appears 
feasible. But the challenge lies on the ability to stimulate local production of milk at a level that 
would significantly contribute to the total milk supply. This challenge is formidable as 
competition of low-cost mi& from importation exists. The challenge is how to make the local 
production system competiti-/e. 

Policy constraints 

Important liberalisation 

The immediate affect of import liberalisation on the carabao sector, particularly on buffalo meat 
can b~ readily seen in the significant reduction in the relative number of carabaos slaughtered in 
the past two years, a period when a surge in the influx of imported buffalo was recorded. From the 
biological point of view, this is beneficial as it increases in the number of the local breeding base. 
The extent to which this affect will be bereficial to the overall sector requires serious attention. 
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As foreign products flood the domestic market, there is a qeed to take a closer look on how to 
make the local production and postproduct:on system more coxr.;7et:5ve. F-icing mechanisms and 
market structures for carabao products have to be improved. 

For milk, problems including adulteration, deterioration of milk quality and spoilage during 
transport should be seriously addressed. Of prime need is a policy that will allow sure, ready and 
a sustainable market for liquid milk. Institutionalisation of the national milk-feeding program for 
grade schclol students is a logical approach. In like manner, there is a need for a policy that will 
support the milk producers (especially the village-based or smallholder dairy farms: to efficiently 
store, process, package and transport either fresh miIk or processed milk products. Bask market 
infrastructure and support facilities must be put in place. 

Credit policy 

One major constraint to production, particularly 07 building up an enterprise, is capital. For years, 
many lending institutions have created windows for small scale farmers, yet the affect and impact 
of these abailable credit windows on the overall industry has not beer? significant. One major area 
that requires attention is the relatively high interest rate and procedural requirements fo? credit 
availment. Livestock production, particularly those involving large ruminants, takes a longer lag 
time. Because of this, the profitability of the overall operations is jeopardised by accumulation of 
payments from high interests. Perhaps a specialised credit window that would stimulate small- 
scale farmers to access credit to raise large ruminants is very essential. 

The Carabao Development Programme 

'The carabao development programme (CDP) of the Philippine Carabao Center, officially 
launched by President Ramos in 1993, is premised on the need to i r r~ rove  the genetic potertial of 
the carabao for better and more efficient prodvction of meat, milk, draft and hide. 'These efforts 
are aimed at stabilizing the carabao population aith a corresponding increase in genetic qualities 
and are directed towards the development of competitive carabao-based or carabao-related 
enterprises. Such development is primed at increasing income, imp~oving nutrition and general 
well being, of the millions of rural farming families. The CDP, therefore, is a very importapt 
socio-economic program that addresses the national concerns on poverty alleviation, nutritional 
improvement, income distribution and people empowerment. The main program components are 
described helow: 

Establishment of the gene pool 

'This sub-program is aimed at conserving the best germplasrn both of the native swamp buffalo 
and purebred riverine types. In effect, a genepool of the best native carabaos and separate 
genepool of the best dairy brced of buffaloes is being established. This is very essential not only 
for the immediate requirements of the CDP but, more importantly, for the long term genetic 
improvemcnt program. 'The main activity is sustained testing and selection of the best animals 
from the imported and locally available stocks. The propagation and utilizatior of this superior 
germplasrn shall be complen~ented by the use of reproductive biotechniques. 

1ntensific;ltion of the national upgrading program 

This program components answers the need for improving the genetic potential of the native 
carabao bq way of introducing the dairy buffalo breed through A1 as we11 as natura: services. This 
involves training of technicians from the local government agencies, non-government 
organizations on artificial insemiration and pregnancy diagnosis. A "Bull Loan Program" was 
initiated fix the farmers to make available Purebred Mc:-rah bulls for use in natural mating. 
Efforts art: being intensively carried out in areas close to potential markets for lnilk, giving 
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priority to identified milk sheds. A1 services are being provided by PCC extentionists, in 
collaboration with I,GU/RFU technicians 

<Zarabao-based enterprise development 

As efforts to produce more dairy/meat carabaos are intensified, there is an expected corresponding 
increa<;e in carabao based enterprises. PCC assists in this development through the provision of 
techn~cal assistance, training, cooperative development, credit and assistance for market 
development. Two banner programs were established to facilitate the enterpr~se development. The 
"25-Cow Dairy Buffalo Module" and the "25-Heifer Dairy Module" can be availed by qualified 
cooperatives. This is the direction PCC is pursuing with efforts to further strengthen product 
development and access to markets. 

Research and development 

Two riational PC centers, PCC at CISU and PCC at UPLB, led in the generation of basic 
information and development of technologies on carabao breeding, reproduction, nutrition and 
meat and miIk processing, In 1999. the National Carabao R & D Program of the agency was 
developed. The general direction of this program is expressed in the various program components, 
all focused towards increasing productivity and efficiency. The program components cover the 
vast areas of technology, socio-economics and policy. They are the following: 

Progrtrm 1: Improving carabao productivity for milk and meat 

? .  
I his program aims to: 
a) Conserve genetic diversity among existing water buffaloes resources to meet future 

breeding requirements; 
b) Select on a continuing basis, highly productive animals for milk and meat for expanded 

usage; 
c) Utilize biotechniques to hasten genetic improvement among water buffaloes: 
d) 'Test performance of resulting crossbreds between swamp and riverine animals at various 

blood composition levels for optimum mil and meat production; and 
e) Develop feeding and management systems to enable selected animals to express their fill 

genetic potentials. 

Progrrrm II. Increasing calf crop in water buffaloes in the villages 

This program will be carried out to: 
a) Improve the yield and quality of processed semen from progeny-tested sires used for wide 

scale A1 programs; 
b) improve the success rate of the current system of A1 in the villages; 
c) improve the utilization of bulls loaned out for natural mating; and 
d) Develop appropriate animal nee'th and management systems to improve the pregnancy 

rate and reduce pre-weaning mortalities. 

Progrtim III. Development of buffalo-derived products 

This program will be carried out to: 
a) Develop ard promote tech~ologies for processing, packaging and marketing milk and ~ t s  

products such as mozzarella cheese and other curd-based products. 
b) Improve processing, packaging and marketing of existing and new products from buffalo 

-neat; and 
c; Assist in refining and promoting technologies for other b~lffalo-derived products such as 

leather, horn, etc. 
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Program IV. Development of a sustainable village-based carabao improvement program 

This program will be carried out to: 
a) Etaluate of effectiveness and efficiency of various upgrading strategies; 
b) Develop r sustainable village-based A: system; and 
C) Etaluate of the performance of A1 technicians in response to specific incentives. 

Program I/. Socioeconomic and policy studies 

This program will be carried out to: 
a) Etaluate the impact and effectiveness of existing policies affecting the carabao industry; 
b) Generate relevant and up-to-date data on carabao production, utilization and marketing in 

the Philippines; 
c) Arialyse the d e m a ~ d  and supply situation of carabao products and by-products in 

domestic and international m~rkets;  and 
d) Arialyse the issues and problems affecting the implementation of the carabao 

development program. 
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Abstract: Buffaloes h a v ~  rradttionally played an important role m small farms in Sri Lanka, l.ihere they are 
used rtr ~marily for activities related to paddy culrlvar~on Although the slaughter of buffaloes, unless unfit 
for wn-k, is banned, ~t is estimated that buffalo meat contributes up to one third of the beef production. 
Buffaloes are increasingly being used for milk product~on, particularly in the peri-urban areas, where 
fermented buffalo milk, in the form of curd, finds a ready market. 'he present production level of curd from 
buffalo milk rannot meet the increase? consumer demand and there is a great opportunity to increase this 
activlt). 

The la:,t National Agricultural Census v as carried out in 1982 and the populat~on figures available since 
then are estimates and projections Zerta~n trends can however, be seen In recent times, particularly in 
many of the large irrigation and human settlement schemes, the use of buffaloes for farm power has 
declined The large herds of buffaloes that earlier roamed the dry Lone and dry intermediate zone have 
declined both in numbers and herd slze 1 ogether with t h ~ s ,  there has been an Increase in the proportion of 
upgrad:d dalry buffaloes With the expansion of irrigated settlement schemes and the use of land previously 
used a:b communal grazing land are increasingly used for crop product~on. Extensive buffalo rearing has 
becomc: extremely difficult A considerable degree of genetic degeneration is evident, due to lack of 
selective breeding and since the best animals are often castrated for draught purposes. High calf mortality is 
anothel problem that can be seen in among buffaloes 1 hese two factors, together with slaughter for meat 
tend to reduce the both the quality and the quantity of  buffaloes ir f r l  Lanka Ecarcity of dairy buffaloes 
prevenis significant expawion of buffalo dalry~ng 

Encouraging rarniers to reduce herd s u e  and change therr farmlng systems and move Into more intensive 
farming of dual purpose ah~rnals I S  the present pol~cy relating to buffalo development in the country. More 
empha*,is has been glven .r, Increase the availability of upgradcd d a ~ r y  animals and improve their 
managcrnent. Equal emphas~c; has been given to Improve processing technology of buffalo milk products. 
rhItho~~:li 50me aniwals w ~ l l  be a ~ a ~ l a b l e  for meat, ~t I S  time to conslder raislng buffaloes for t h ~ s  purpose 
alone 'Vlalg~nal lands often !deal for buffalo raislng but not sultable for any othcr form of land use, can be 
u t~ l~sed  effectively for meat and milk product~on from buffaloes 

Introduction 

T h e  Sri Lankan economy is characterized b y  an  increasing CUP per capita (US $ 804 in 1998), 
the  ch'tnging ra tu re  of  food habits and an  increasing demand for animal products, Rice being the 
staple food o f  the nation, aaddy cultivation has received a priority at?ention in the  food production 
drive. The agricultural sector's share of GDP has fallen from 28% in 1975 to 18% in 1998. 
However, t he  li-/estock sector share o f  the agricultural GDP has  increased from 5.6% t o  7.0% 
during the  same  ger'9d. T?erefore, t he  livestock sector plays a useful social-economic role 
particularly with smal '  holders. 

A s  a inultipurpose animal, domesticated water buffaloes play an  essential role in solving the  
above economic pro5lems. T h e y  convert  marzrial, such as  natural forage, agricultural and  agro- 
industl-ial by-products that have n o  role in human ni.trition, into food fo r  humans.  They contribute 
towards the ilnprovement o f  the food situation, employ more  labour, increase income-generati-ig 
opportunities and is acceptable t o  all communities, without being subject to  any  r e l i g i o ~ s  
constr;t;nts. Possibilities of  increasing productivity, profitability and  income generating 
opportunities o f  small holder buffalo units have helped to overcome t h e  agricultural debt  cycle 
and b~ iid up an insurance coverage a g a i x t  frequent crop failures in the  dry zone.  It has helped to  
build the t b t a ~  caoital assets or  a store o f  wealth that can be used for  any  family emergency. 
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Over 90% of buffaloes are used mainly for activities related to paddy cultivatio~, over an average 
period of two (02) months per year. They are involved in p:oughing, harrowing, treading, 
leveling, puddling of paddy fields and finally in threshing of harvest. "ley still contribute one 
third of farm power needs in paddy cultivation activities anC is becoming increasingly important 
in the context of escalating prices of crude oil, tractors and associated agricultural implements. 
Their usefulness has become more important with expansion of paddy cultivating land areas, 
developed under irrigation settlement schemes. In addition LO activities related to paddy 
cultivation, buffaloes are stili used for mixing clay in the production of bricks tiles and pottery 
products i l l  certain areas. Some of traditional oil-extraction machinery and agro-wells are also 
operated using buffalo draught power. 

Although the primary use of the dorr3sticated buffalo is still for draught, this animal is now 
increasingly being recognised as a potential dairy animal in many parts of the country, especially 
in the peri -urban areas. The currently estimaLed buffalo cow population is around 200 000, which 
produces 25% of milk in the country. A substantial proportion of the milk obtained from buffaloes 
is ferment~zd into curd, a highly nutritious delicacy in Sri Lanka. In a few areas of dry and dry 
intermediate zones, milking of a few anirrals in indigenous buffalo herds is continued. as a 
traditional because of the belief that firmly set curd made out of milk under warm dry conditions 
from buffrilocs, fed on more alkaline grass found around lagoons, is more delicious. Therefore 
there is a special niche in the market for curd produced in the southern coastal areas of the 
country. Since buffalo milk in rich in fat, protein, SNF and calcium content, farmers receive a 
relatively higher farm gate price (of Rs. 18.00 per litre) for fresh milk. Farmers however make a 
higher profit by selling milk as curd (at Rs. 40 per litre). The present production level of curd does 
not seem to be able to keep the pace with the increasing in consumer demand. This enterprise has 
helped curd pror'dcers to improve their quality of life, financially, nutritionally and otherwise. In 
broad ternzs, as a component of rapidly changing and expanding economy, buffalo rearing 
combined with value addi-ion activities, supplies inputs to support a wide range of downstream 
industries. For example, a special curd marketing network has emerged in ii4etropolitan areas for 
marketing of curd using economical packaging material that can be recycled. Some of producers 
in peri-urban a:eas have also begun to produce Mozzarella cheese from buffalo milk, which is an 
essential ingredient in the pr5parption of "Di;.za", a recently popularised Italian delicacy in Sri 
Lanka. 

Slaughteril~g of buffaloes is banned in Sri Sanka, because of the important role they play in rice 
cultivation. However, their contribution to beef production in the country is arorlnd 33%. Hides of 
buffaloes are used for production of leather and horns in the manufacture such as combs and other 
ornamental items. Buffaloes are also used in traditional rituals related to paddy cultivation in 
some regions. Buffalo manure is an important sourr,e of organic fertiliser that is traditionally used 
by farmer: in the cultivation of paddy, home-gardens and other crops. Buffaloes in coconut lands 
assist in wced control and provide manure for improvement of productivity of coconut lands. 

Population Statistics 

The estimated number of buffalq owners in the country is around 100 000. riowever, hardly any 
of them are full time buffalo farmers. About 87% are crop producers, who rear buffaloes as an 
additional source of income. About 64% use buffaloes for draft purpose, 34% for milk and draft, 
while on13 2% keep buffaloes purely for milk. The population of domesticated buffaloes in the 
country shows a dsclining trend. The 1 .O million buffalo populdion in 1987 has reduced to 0.72 
millior. in 1998. Buffaloes are spread throughout the country, with high concentrations in certain 
areas due lo particular farming systems, market and socio-cultural reasons. The average herd size 
is around 22.5 animals. However, this figure is heavily dependent on the agro-ecological zone. 
Larger herds with an average of 40 to 50 animals are found in rice growing areas of the dry zone 
and dry intermediate zone. Smaller herds with an average of 06 to 08 animals are found in mid 
and low country wet zones. 
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Breeds and their Performance 

Average mature body weights and average lactation yields of indigex-s cJre river type breeds 
are 309 and 45C kilograms and 350 and 1500 litres respectively. The lactation length is about 160 
days i n  indigenous animals and 300 days in ri-ter type breeds and their crosses. When these 
animals are used for draft purposes, they takz 4.7 days to plough, 2.7 days to level, 13.2 days to 
puddle and 8,8 days to thresh the harvest from an acre of paddy land. Breed, sex and age have 
little influence on draught performance. All buffaloes irrespective of breed are suitable for work 
after three years of age. 

The breeding policy of the Government is to upgrade the indigenous draft animals into dual- 
purpo:.e dairy animal. The upgrading programme is supported by importation of nucleus herds 
and St:mep, maintenance of nucleus farms and bull mother farms, promotion of artificial 
insemination among b ~ f ~ a l o e s  and the distribution of upgraded bull calves. Natural breeding is 
mor.: popular among farmers. '"he age at first cal~iing and calving interval of indigenous animals 
under present rearing systems are around 44 months and 15 months respectively, which are 
superior to the performance of river type breeds and their crosses. 

Production Systems 

Two thirds of ,lational buffalo herd live in the dry zone and dry intermediate zone where they 
roamed freely under extensive management system in communal herds. They graze on naturzl 
forage available in dry rese;voir beds, shrub jungles, fallow paddy fields, abandoned and 
uncult~vated agricultural lands, road side grass and other vacant land. Buffaloes are able to utilise 
these marginal lands more efficiently. They usually graze during daytime and are paddocked at 
night. However, in certain areas such as Amparai and Batticaloa districts, they graze both during 
the day and night. Feeding of paddy straw is practised in  certain farms. This system which is a 
low input low output less ext~rnal input dependant farming system is highly profitable needing 
less lal>our per animal. 

The semi-intensive system where animals are tethered during the day is more popular in the 
coconut triangle, mid country and low country wet zones. The feed is supplemented with banana 
stems, jak fruits and certain other agricultural and agro-industrial by-products. In the low country 
wet 70nn, new dairy buffalo systems have taken advantage of forage available in the large tracts of 
marshy ard water logged wetlands. Very intensive buffalo farming systems exist in peri-urban 
areas, utilising commercial concentrate feeds to support high levels of production. 

Constraints 

With the expansion of irrigable land area brought under human settlement schemes, in dry zones 
and d ~ y  intermediate zones and the alienation of traditional communal grazing lands for crop 
production, extensive buffalo rearing has become extremely difficult and uneconomical to 
'naintz in. Buffaloes are being displaced due to the depletion in the extent of the traditional forase 
bas?. I lowever, farmers do not fully utilise other available local feed resources for many reasons. 

Most of the buffaloes are used for draft purposes only for a maximum period of two months a 
year. Farmers therefore do not receive any meaningful benefit from them during rest of the year. 
Consequently, buffaloes tend to be neglected by farmers. There is general indifference towards 
the breeding, feeding, management and health ca-e of these animals. However, where animals are 
dsed for milk production, a difference in their attitude towards buffaloes is evident. 

A considerable degree of genetic degradation has been observed due to the lack of selective 
breeding apd deficiencies in production occur partly due to this neglect. Artificial insemination 
(A.I.) for buffaloes had beer introduced many years ago. However, it is not popular because of 
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problems in detection of heat signs of cycling animals. There is a shortage of skilled manpower 
for implementation of the buffalo A.I. program. 

High calf mortality rate (>25%) is 'evident among buffaloes. Calf diarrhoea, worm infestations 
and infectlous diseases are the most common conditions associxted with these deaths. Poor calf 
management, inadequate calf salvaging and health care programs are responsible for this 
situation. 

Scarcity of dairy buffaloes hinders the expansion of the buffalo dairy Industry. Most fanners 
produce buffalo curd under very poor hygienic conditions. As a result the quality of these 
products has become questionable and unsatisfactory. Many pathogenic microbes such as E. coli, 
Staphylococcus aureus, fungi and mould species have h e n  found to be present in many curd 
samples obtained from the market, at levels above the s ~ f e t y  standards. 

Most Sri Lankan paddy farmers seem to adopt the same traditional farming practices used by their 
ancestors, in the use of draft animals and implements in land preparation. Very little scientific 
effort has been made to study this traditional system and implements, and develop techniques 
with a view to improve the efficiency of the system. 

Restricted cattle movements and conflicts between crop farmers and buffalo owners have 
continued over a long period of time. Trespassing by buffaloes Into agricultural lands and 
associated crop damages frequently cause severe social problems. 

The restrictions on transport of molasses and its misuse by farmers has impeded the 
popularisation of the use of molasses in the production of low cost urea, molasses and mineral 
supplementary feeds in feeding of buffaloes. 

Many orgr~nisations are involved in development of buffaloes in this country. They do research, 
supply necessary inputs and services, formulate and implement policies, strategies and 
development plans. However, understanding, interaction and co-ordination among these 
organisations is still weak. 

Plenty of resources including manpower, funds and materials are available both at farmer and 
institutioniil levels. However, these resources are underutilised and poorly managed. As a result, 
the achievement of the goals in buffalo development have been delayed. 

Research and Development 

Until the 1980's, very little scientific research had been done on buffaloes in Sri Lanka. However, 
after a workshop held in I980 by the Swedish Agency for Research Co-operation with 
Developing Countries (SAREC) on this subject, there has been an exponential increase in 
research publications. More detailed information on these publications are available in the 
bibliography published in 1994 and the compendium of resea-ch information published in 1999 
by the National Science foundation. 

Encouraging farmers to reduce herd size and change their faming systems to  more intensive dual 
purpose systems is the present policy of buffalo development in Sri Lanka. More emphasis has 
been given to increase the availability of upgraded dairy animals and improvement of the 
management practices. Equal emphasis has been given to improve the processing technology of 
buffalo milk products. Accordingly, new development programs suck as development of peri- 
urban buffalo dairies and introduction of new farming systems such as the Smallholder 
Intensively Managed Buffalo units (SIMBU) can be seen in the country. A national buffalo 
information centre has been established by the SAREC/NARESA buffalo research and 
development programme and a monograph on Sri Lankan ouffalo, a training manuals for 
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extension workers and information leaflets for farmers have already been published by this 
programme for development of buffaloes in Sri Lanka. 

Eminent scientists in Sri Lanka have conducted intense research studies on different aspects of 
buffalo production. They have mainly focussed their studies on health, nutrition and physiology, 
reproduction and breeding and managnmept and utilisation. On the basis of the research findings, 
a package of managetreqt practices have been introduced. This package which includes, 
vaccination schedules against diseases such as Haemorrhagic septicaemia, a treatme - t  scheduie 
against Toxacara vitulorum and calf diarrhoea, methods of feeding crop by products and agro- 
illdustrial wastes, plmned breeding programmes and low cost housing systems has bee:: 
iptrollilced to buffalo farmers specially during last two decades. 
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Abstract: Thailand had the second largest number of swamp buffaloes in the world ir the past. Yowever 
thls buffalo population had drastically declined from 4.7 million in 1990 to 1.9 million in 1998. 
Approximately 83% of the Thailand's buffaloes live in the idortheast where most agricultural production is 
under ranifed conditions. ":'hai buffaloes are af the swamp type genetically. The majority (90-95 %) are grey 
to black in coIour, while the rest are white. Most of the buffaloes are raised by small farmers in the rural 
areas. 

The present declining trend in the buffalo population has been attributed to the (1) high rate of slaughter, (2) 
increase in farm mechanization, (3) shortage of grazing land, (4) shortage of farm family labour, (5) price of 
live buffaloes. It is envisaged that this alarming trend could lead to extinction unless effective measurers are 
taken rdpidly by the Government of Thailand. Though buffaloes played a very r~rominent role in providing 
draught anilnal power (DP P) in crop production under ralnfed condition, this role has not been replaced 
very much by nechanization. Lt appears that raising buffaloes for meat is hemming more promising. At the 
same tlme, the use of manure as fert~lizer for crops has also been profitable Alihough the role of buffaloes 
has changed in stnall farm systems, buffaloes production rn general is stlll not regarded as a distinct 
enterprise, rather bemg as integral part of crop production systems. 

A programme on genetlc impro\/ement of swamp buffaloes for use as dual purpose anlmal (meat and 
draught) is in placc rhis programme has been dlrected to solve two basic problems, ( 1 )  the decrease in 
number and (2) the reduct~on m mature body weight and slze of buffaloes under small farm production. The 
objective of performance list~ng is tr, Identify superior buffaloes for cows and bulls as replacements, The 
crlterla for performance testing are based on the average daily gain two year adjusted weight, helght and 
general appearances of the buffaloes. Pract~cally, the top :anking bulls are utilized for semen collection, the 
3 ' 5 0  o ' ~  for bull replacements at buffalo breeding stations and the rest for farmers' ex.tension programmes. 
The proven females are used for replacements at the DLD statlons 

Reproduction and growth performance of buffaloes at the matured herd were evaluated as the result of 
genetic improvement programmes during 1 1 years (1 983-1993). 7Vith regard to reproductive performance, 
the age at 1" calving has been reduced to 3.5 years, calving interval to 487 days, conception rate to 80.5'%, 
calving rate to 76.9% and the calf crop to 70%. 'Thai government appointed a commission in 1998 to 
develop a national strategic plan for the development of beef cattle and buffalo raising lo increase the beef 
production in the county 

3uf,'aloes have had a great role in "hai rural economy since time immemorial. They contribute 
animai power for Trap pl-oduction, a source of animal protein for ;ural consumption, manure fbr 
soil fertili'cj/ and household security as savings. The benefits of buffaloes have been well 
recognized by rural people, but much less by city dwellers or policy makers o r  animal sciertists. 
Due to economic circ~mstances of  small farmers, large numbers of buffaloes in many farms were 
sold for cash in order to  mest the household needs or  for survival in difficult economic 
circun~stances. Currently, the fast decline in buffalo numbers has become one  of the critical 
issues facing the Thai government, because of jts concern for the subsistence farmer and the need 
t o  improve the living standards of rrral people. 
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Buffalo population 

Thailand used to have the second largest swamp buffalo popillation ir, the world. But the buffalo 
numbers declined drastically during the last decade from approximately 4.7 million in 1990 to 1.9 
million in 1998, according to the statistics of the Department of Livestock Development (DLD) 
shown in Table 1. Furthermore, the estimate from the same source on the number of buffaloes for 
1999 was less than one million. Table 1 also shows the distribction of buffaloes by regions 
during 1930 to 1998. A larger number of buffaloes, approximately e3%, were found in the 
Northeast, where most agricultural production is under raInfed conditions. The Thai buffdo 
belongs to the swamp type. The majority are grey to black in colour (98-95%), while the rest are 
white. Most of the buffaloes are raised by small farmers in rural areas. Some of their 
characteristics are summarized in Table 2. 

Table 1 .  Buffalo populat~on in Thailand by rrgions during 1990-1998. 

Year - Regions Whole 
Central Northeastern Northern Southern kingdom 

Note: E is the est~mated number 
Source  Derartment of Livestock Development ( 1998) 

Table 2. Some character~s.tics of Tha~ swamp buffalo in small farms 

Traits Unit Range 

Calf crop #:weaned) % per year 23-82 
Calving interval Days 370-670 
Death 10s: (birth to weaning) % 1 0-30 
Death loss (weaned calves and older calves) O h  2-3 
Renlacement rate (cow herd) % 6-7 
Age of cow at replacement Years 16-17 
Idand use per A.U Hectare 0.15-0.20 
Weight at birth Kg 26-38 
Weight at weaning (2months) Kg 125-150 
Weight of cows Kg 350-450 
Weight of bullocks at maturity Kg 450-650 
Age at , k t  calving Years 3.5-4.7 
Dressing percentage (bullocks) % 43-5 1 
Post-wean ing daily gain Kg 0.34-0.75 

Source Chantalakhana ( I  985) 

At present, the declining trend in the number of buffaloes in Thailand is reaching an alarming 
level, indicating a move towards extinction, unless effective measures are taken by the 
Government. The major factors affecting high reductior in buffalo numbers are as follows: 
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High rate of slaughter 

Villagers in remote areas have gradually sold their draught buffaloes, that are not used for work. 
These buffaloes, both male and female or even pregnant females, go through different channels of 
middlt:-men, and finally end up in slaughter houses. It was frequently witnessed that about 50 per 
cent of the slaughtered females were pregnant. The buffalo foetus is very popular fbr 
consutnption among some Thai groups, due to certain beliefs. This practice impedes fehile 
females to reproduce more offspring. 

Increase in farm mechanisation 

There has been a transition from the use of buffaloes to farm machinery, for crop production by 
small farmers in rainfed areas due to the government promotion programme. In villages, where 
draught buffaloes are used for work, fewer farmers still keep draught buffaloes, while many 
farmers purchased or rented a two-wheel tractor for agricultural works for a variety of reasons. 
Major sources of money for small farmers to buy mechanical tools come from credit offered by 
the BAAC (Bank of Agriculture and Agricultural Cooperatives) plus cash from selling their own 
buffaloes (Bunyavejchewin et al., 1994). 

Shortage of grazing land 

Normally buffaloes are allowed to graze in the paddy fields, scrub forests on upland areas, 
highway shoulder, rice bund or communal grazing land, whatever available during differet t 
seasons. Providing a small plot of land for grazing is not practical for rainfed farmers any more. 
This i j  due to the booming price of lands before the economic crisis in the year 1997. Many 
farmels sold some plots of their land mostly to the city dwellers. In addition, the scarcity of 
grazing lands always occurs during the cropping season (rainy season) as most lands are used fbr 
crops. 

Shortage of farm family labour 

There has been the migration of farm family members at working age, to uban areas to work in 
factories such as those in Bangkok, Rayong, etc. Only the old folks remain at home to tend to 
farm work. Some farmers have to hire labour needed from outside. No surplus farm labour in the 
families tends buffaloes. 

Price of live buffalo 

Farm price of live buffalo was generally lower than that of live cattle, while beef prices from 
buffalo and cattle are more or less the same. Since buffaloes are not necessary for farm work any 
more, the lower price of buffaloes has recently discouraged farmers from keeping them. As a 
matter of fact, farmers could see the comparative advantage of keeping crossbred cattle over 
buffalo in terms of income. Many of them have shifted from rearing buffalo to cattle. 

Changing Role of Buffaloes at Small-farmer Level 

Formerly, buffaloes played a very prominent role as draught animals in crop production under 
rainfed conditions, especially in paddy production. At present, this role is very much replaced by 
mechanisation. Only a small number of farmers and specific groups of people in certain areas, fbr 
example, some hill tribes in the North. in rural villages still use buffaloes for work. The decline 
in buffalo numbers has resulted in a significant rise in price of buffaloes. Villagers currently are 
trying to keep more female buffaloes on their farms, because they can earn a higher incor7e by 
producing more offspring for szle. It appears that raising buffaloes for meat purposes in small 
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farms is becoming more promising. At the same time, the use of manure as fertilizer for crops 
gives benefits for soil fertility, a system that farmers have practiced for a long time. Although the 
role of buffaloes has changed in small-farm systems, buffalo nroduction in general is still not 
regarded as a distinct enterprise, but rather as an integral part of crop production systems. The 
typical small-farm buffalo production system under village conditions has been almost the same 
as characterized by Chantalakhana (1 985). The system is complementary to crop production and 
utilises non-marketable farm products, marginal land for grazicg, family labour, requires minimal 
cash input; and simple and traditional technology and is subject to a very low degree of risk. 

Among the market prices of animal meats, beef is the highest, as compared with pork or chicken, 
Due to improved education and family income, among middle-income groups, the demand for 
beef consumption keeps rising. According to statistics of the Department of Livestock 
Development (1998), a large amount of quality beef was imported into Thailand, for example in 
1998, over two thousand tonnes, valued at over 175 million baht or almost five million US 
dollars, mzinly from Australia, USA and New Zealand. It is necessary for Thailand to increase 
beef production from buffalo as well as cattle, especially under the current situation, when the 
price of l~ve  buffalo is relatively high, A review (Wanapat et al., 1994) of buffalo research 
studies on nutrition and feeding by national and international scientists, showed that buffaloes 
when compared to beef cattle appeared to be quite efficient meat producers under less optimal 
feeding ccnditions, using low quality feeds, such as farm wastes and by-products at small-farm 
level in rul-al areas. 

Genetic Improvement Programme 

A programme on genetic improvement in swamp buffaloes for use as dual purpose animal, i.e. for 
meat and draught, was established since 1975. This programme which is part of the National 
Research and Development Center Project, centered at the Department of Livestock Development 
(DLD) wzs a collaborative effort of DI,D and Kasetsart University at early stages, but later 
included Iqhon Kaen University and other institutions. It intends to solve the two basic problems 
on the decrease in number and the reduction in mature body weight and size of buffaloes under 
small-farm production (Chantalakhana and Bunyavejchewin, 1990). The DLD designated the 
Surin Livestock Station as the National Buffalo Breeding Center, where various research 
activities related to buffalo production would be carried out in conjunction with the selection 
breeding programme. Only about 300 buffalo cows in the national herd have been maintained in 
accordance with available facilities. The selection of the top ten buffalo weaners (8-1 2 months of 
age) from Surin Station, both male and female, has been conducted based on their 240 day 
adjusted weight, height, average daily gain, and general appearance. Three groups of weaners a 
year were sent to Lamphayaklang Livestock Research and Development Center to undergo the 
performance testing in the period of one year. 

The objective of performance testing is to identify superior cows and bulls as replacement for 
Surin station, and other buffalo stations and the surplus for sale to farmers (Konanta, 1989). A 
committee consisting of experts from the institutes mentioned, had been appointed before the 
programme started. The plan of the testing procedures is to be applicable to small farmers and 
considerattly similar to their feeding regimes. Concentrate supplements fed to the calves 
consisted of cheap and locally available ingredients in order to allow genetic expression of the 
animals. ?'he criteria of performance testing are based on the average daily gain (at the moment 
350 and 400 g/day for female and male), two-year adjusted weight, height and general 
appearance of the buffaloes. The proven animals are assigned for different uses. Practically, the 
top two ranking bulls are irtilised far semen collection, the third to sixth as bull replacements :n 
buffalo breeding stations and the rest for the farmers'extension programme. The proven females 
are used a:; replacements at the DLD stations and culled animals are sold to the market. 
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Reproductive and growth performance of buffaloes at the national herd were evaluated and the 
results of the genetic impro lement programme during 1 1 years ( 1  983 to 1993) of performance 
testing (Intaramongkol, 1995) are shown in Table 3 and Table 4. 

Table 3. Reproductive performance of swamp buffaloes at Surin Buffalo Breeding Center 

Traits 1976-1983 1986-1 989 1990-1 993 

Age at  first calving, year 
Calving interval, day 
Conct:ption rat+, % 
Calving rate, % 
Calf crop,?40 57.2 - 65.0 70.5 

Source Adapted from Intararnongkol (1995) 

Table 4. Growth performance of swamp buffalo at Surin Buffalo Breeding Center. 

Trait9 1976-1982 1983-1989 1990-1 993 
Birth weight, kg 28.4 30.0 29.6 
weaning&eight at 240 days, kg 121.0 141 147 
Pre-weaning gain, (giheadlday) 459 49 1 
Two-:year ad-justed weight, kg 268.0 355 373 
Post-weaning gain, (gheadday) 408 430 

Source Adapted from Intararnongkol (1995) 

A few years ago the DLD expanded the number of buffaloes to 4 or 5 other stations, besides the 
three main buffalo stations (Surin, Lamphayaklang and Surat Thani stations) to respond to the 
increasing demand of quality bulls for use in the country. 

Strategic Plan for Buffalo Production nevelopment 

By the end of 1998, the Thai government appointed an ad hoe ~ommittee to develop a national 
strategic plan for the development of beef cattle and buffalo raising, in order to increase beef 
production to meet the demand for consumption in the country. The plan was accomplished and 
approved in 1999. There are 8 strategies for implementations i.e. ( I )  the management of animals 
passing through the border, (2) the improvement of laws and regulations that obstruct beef catlle 
and buffalo development, (3) improving marketing systems, (4) improving and standardizing 
slaughter houses, (5) strengthening beef cattle and buffalo production through extension arlc 
development, (6) establishing a fund to promote cattle and buffalo development, (7) to slow- 
down high rate of decrease in numbers of Thai swamp buffaloes and native cattle, and (8) to 
increa;e support for research and development to increase the efficiency in cattle and buffalo 
production. 

To strengthen buffalo production, the development programmes of the government are primarily 
targeted to promote villagers who still raise buffaloes on farms for any purposes in order to 
increase animal number. The extention programmes to promote buffalo raising for meat and 
draught purposes as well as services, put the incentives directly to farmers'groups at village lecel 
in Northeast Thailand. Government has funded such urgent programmes as mentioned in order to 
increase beef production, providing draught buffaloes for farm works to small farms, hopefully to 
slow down the decline of buffalo population. 
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Abstract: Tra~;~tionally, swamp buffaloes are allies of Vietnamese farmers in working in the rice fields. 
Today, although tractors are increasingly used for land preparation in many areas of Vietnam, swamp 
buffaloes are still raised for work, and also for meat and for other income generating sources. Murrab 
buffaloes and Fi  crossbreeds are also raised for milk and meat. Their performance is good and their 
potent~al importance is incr2as;~g. There have been many promising results obtained from buffalo research 
and development Despite these, buffa;o production development has slowed down in the recent years, due 
to reasons such as perceived backwardness of buffalo production by farmers, a reduction of grazing lanc4s, 
agricultural mechanization, limitation of resources for research and extension, etc. There is a need for local 
and international co-operation to provide financial and technical support to improve the situation. 

Keywords: Swamp, Munah, F1 crossbred buffalo, research, development. 

Introduction 

The Swamp buffalo is traditionally an important animal to farmers in Vietnam, where it is used to 
prepare and cultivate the rice fields and provide meat. Murrah buffaloes have been imported and 
raised in some regions of the country to investigate their potential in local areas. However, their 
development has been limited due to lack of research resources and the fact that results from local 
swamp buffalo have showed promise. Farmers in Vietnam have traditional experience in buffalo 
raising, but techniques are primitive. There have been some efforts in buffalo production research 
in areas such as nutrition, reproduction and disease prevention, but the improvements in 
performance have been limited due to lack of research resources and development. Zoo-technical 
practic,es are hardly used in rural areas to exploit their considerable potential. Therefore, these 
potentials should be realized and suggestions for future research are necessary, to help farmers 
who raise buffaloes under sustainable farming systems. This paper reviews the resuits of buffalo 
research and development in Vietnam in recent years. 

Present Status of Buffalo Production 

The total buffalo population in ASEAN countries decreased slightly (-0.59% per year) from 1990 
to 1999. Some ASEAN countries have seen however an increase in their buffalo population

s 

during this period i.e. Laos, Myanmar, Philippines and Vietnam, but in other ASEAN countries 
their populations are decreasing. Vietnam is ranked a country with a high buffalo populations in 
ASEAN (Table 1). Although there has been a small annual increase of buffalo population (0.56% 
per year), there has been a serious reduction of the buffalo population in the Mekong and Hang 
river deltas (Thu, 1997a), while :he cattle population has steadily increased over the recent years. 
More than 50% of the total buffalo population is found in the mountainous areas of the Northern 
provinces, because of the existence of large grassland areas there (Table 3). Rice production plays 
a major role in the agriculture of Vietnam (Table 4), and therefore, draught power required fbr 
produc:tion in small farms is still very important. Vietnam is also a country producing and 
consuming more buffalo meat than beef from cattle (Table 2 and 5)- Buffalo milk production in 
Vietnam is limited due to the small number of Murrah buffaloes, while milk production from 
cattle is increasingly developed, mainly because of many active projects to improve cattle milk 
and meat performance. 
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Table 1 .  Change in buffalo population in ASEAN countries from 1990 to 1999 

Change (%) 
Cambodia 736,000 824,000 743,900 693,660 -5.75 
Indonesia 3.335,080 
Malaysia 205,160 
Thailand 5,094,270 
Laos 1,07 1,760 
M y  anmar 2,06 1,000 
Philippines 2,764,950 
Vietnam 2,854,100 
ASEAN 18,124,310 
Source FAO, ( 1999) adapted by 7 hu (2000) 

Table 5. Buffalo ineat production in some ASEAN countries in 1999 

Country Buffalo meat Beef and Buffalo meat % Buffalo meat/ beef and 

Cambodia 
(MT) buffalo meat 

53,680 23.5 
Indonesia 45,000 
Malaysia 4136 
Thailand 79,500 
Laos 19,200 
Myanma 70,230 
Philippines 57,350 
Vietnam 104,920 
Total 342,976 
Source: FAD ( 1  999) adapted bv -1 hu  (2000) 
MT - rnetrlc: tonne5 

Table 3. Distribcltion of the buffalo population in different regions of Vietnam 

Region Percentage 

Mountai~~ous and up-land areas in the North 5 1,8 
Hang rivzr delta 8.60 
Central part 28.2 
South-eastern provinces of the South 6.38 
Mekoyg ri-ier delta 4.96 

Source I,~ch, (1996) 

Table 4. Food crop distribution based on total cultivated land area (8,755,200 ha) in Vietnam. 

Crop Cultivated area ('000 ha) % of total cultivated area 

Rice 6,475.4 74.0 
Maize 478.0 5.46 
Sweet potato 404.9 4.62 
Cassava 283.8 3.24 
Arnual industrial crop 584.4 6.67 
Jegetable and beans 445.4 5.09 
Potato 25.7 1 .O 

Source '>y et RI (1 995) 
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Table 5. Buffalo meat as compared to cattle meat production in Vietnam from 1990 to1999 

Year Buffalo Cattle Buffalo Beef Beef + Buffalo / Buffalo meat7 
(head) (head) meat (Mt) Buffalo total beef & buffalo 

meat (Mt) buffalo & meat (%) 
- cattle (%) - 
1(190 2,854,100 3,1 16,900 89,225 75,000 164,225 47.8 54.3 
1093 2,960,800 3,333,000 95,826 75,000 '70,826 47.0 56.1 
1096 2,953,700 3,800,300 92,450 83,000 175,452 43.7 52.7 
1099 2,999,500 4,040,000 104,920 92,000 196,920 42.6 52.3 - 

source F A 0  ( 1999) adapted by Thu (2000) 

-4- Buffalo 

+Cattle 

Fig 1. Changes in buffalo and cattle populations in \rietl~am in recent years (FAO, 1999) 

0 C--- 7 7-- -- - 1 
1988 1990 1992 1994 1996 1998 2000 

Year 

Fig. 2. Buffalo and cattle milk production in Vietnam (FAO, 1999) 
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Breed Characteristics and Productivity 

Breeds 

The dominant buffalo breed in Vietnam is the swamp buffaloes. Murrah buffaloes were imported 
from India to improve milk production of the local buffalo through crossbreeding. Table 6 shows 
that there are differences in the body size of the swamp buffaloes in different regions of Vietnam, 
which can be explained as due to the influence of different climates, feeds, management, etc. 
However, the appearance of swamp buffaloes in Vietnam is similar to that of the swamp buffaloes 
in other ASEAN countries and China. Generally, the size of swamp adult buffaloe is smaller than 
that of Murrah buffaloe, while the F1 crossbreed (Murrah x Swamp) being intermediate in size. 
Swamp buffaloes in the Mekong delta are larger than in other regions, and buffaloes in Dong 
Thap province of this region are the biggest in Vietnam with reported average live weights of 593 
kg for females and 706 kg for males (Thu, 1987). Daily weight gain from birth to 3 years of age is 
about 300g for swamp buffaloes under village feeding conditions and is higher for Murrah and F1 
crossbreeds. 

Reproductive Characteristics 

The reprotluctive characteristics of buffaloes in Vietnam have been recorded by several authors, 
(Hoang, 1 q78; Thac, 1979; Thu, 1987 and Sanh, 1996). The reproductive performances of swamp 
buffaloes are variable and being lower than those of the Murrah. Limitations of their 
reproductivity are attributed to lack of improved conditions such as nutrition, selection, disease 
and management. The survival rate of live calves after weaning for the swamp buffalo ranged 
from 80-96%, with an average of 96% for the Murrah. Calving interval was shorter in the Murrah 
(509+98.6 days) than in the swamp and F, crossbreeds (550 days). Seasonal births are an obvious 
feature in swamp buffaloes, which depend on working seasons, resting time and nutritional 
conditions. Sanh (1996) reported that Murrah buffaloes showed oestrus all year round, but oestrus 
in cows was affected by season, with higher rates from October to March. This may be caused by 
the local climate (hot and dry) during the rest of the year. 

Table 6. Basic measurements and live weight of the adults of Swamp, Murrah and Fl crossbred buffaloes 
in different regions of Vietnam 

Mekong South- Central Northern ~ u r r a h , ' ~ )  F1 crosses 
Criteria Delta "' eastern Part (3' Provinces at Song Be (in the 

Provinces (') (3) province North) 
-- 

Female 
Height at wither (cm) 127 126 121 118 131 
Length of body (em) 141 132 I28 127 143 
Heart girth (cm) 192 1 93 191 180 195 
Live weight (kg) 458 434 417 358 457 435 ( 5 )  

Male 
Height at wither (cm) 13 1 129 129 121 138 
Length of body (cm) 143 135 136 133 154 
Heart girth (cm) 198 197 198 190 207 
Live 7;ight (kg) 494 464 494 428 595 470'"'* 

Source: ' Tku (1987), (2'~oang (1978), 0, That et 01. (1979) and t6' Thac et a1 (1996), res~ect~vely and (4)~uong and 
Thu (1981) and")~rtr?h (1996) adapted by Thu (1997~ and 2000). 
* At 3 years of age 

At the research stations, semen of Murrah bulls is collected, evaluated and buffalo cows showing 
heat insen~inated. Signs of heat were identified with the help of detector bulls. The timing of 
insemination to ensure good conception rate ranged from 0 to 4 hours before and after the cows 
showed s i y s  of being ready for mating. In the villages, farmers usually let their own swamp 



Nguyen van Thu 

buffaloes into the fields for natural mating. The avr:!ability of artificial insemination (AI) services 
for buffaloes in the villages is a rare occurrence. 

Meat, Milk and Work Performance 

Data on productive performance of buffaloes in Vietnam are presented in Table 7. The mean 
carcass weight of swamp buffaloes reported from the North of Vietnam was 187 kg with a live 
weight of 428 kg (Thac, 1979). The mean carcass weight of the swamp buffaloes in the 
Mekol~g delta was higher than that of the buffaloes of the Northern provinces due to the higher 
live weight. These measurements were obtained from buffaloes raised under village 
conditions. Thac et at. (1996) stated that F, crossbreeds raised under the same conditions as the 
swamp buffaloes, showed better weight gains and feed .atilization. Similar results were also 
reported by other authors, (Nachaingmai, 1995; Momongan, 1994 and Chantatakhana, 1999). 
Recently, Thu (1997" reported that the average milk yield of swamp buffaloes, from the first 
to the fifth month of lactation in the Mekong delta were 1.50kg per day, and that the average 
milk fat was 11.9% with sacciolepis indica and 8.68% with eleocharis dulcis and rice straw 
diets under village conditions. Average milk yield of Murrah buffaloes was 5.50 kdd reported 
by Xuong (1981). The F,  crossbreeds gave daily milk yields and fat contents in between those 
of Murrah and swamp buffaloes, (Sanh, 1996). In the Southern part of Vietnam swamp 
buffaloes are used for work in pairs, while they work singly in the North. Ploughing capacity 
of the swamp buffaloes in the North, was 630 m2/half daylanimal (Thac, 1979). In Murrah 
buffaloes the carcass percentage and milk yield were higher than those of swamp buffaloes, 
althou9h the milk fat content of the Murrah was lower. Results of recent studies showed that 
Murrah buffalo cows could be used for work and for milk production (Thu, 1995). 

Table 7. Meat, milk and working performance of buffaloes in Vietnam 

Criteria Swamp Swamp Murrah Fl crossbred 
(in the (in the North) 
South) 

Meat production* 
Live t~eight (kg) 
% car cassllive weight 
%~vle;it/live weight 
Milk production 
Lactation period (day) 
Milk yield (kglday) 
Milk fat (%) 
Milk protein (%) 
Working capacity 
Draft force ( N )  
Ploughing (ha/pair/day) 
Harrowing 
(hdpairiday) 
Sourc-. Thu (1987), (')~hac et a1 (1979), (3'0gnJanovic et a/ (19701, (4) Yuong (i981) and ( ' )~hu (1979), @)Thu 

(1 9979 
'7'~hac et nl (1996) and ("~anh (1396) adapted by Thu (2000) 
* For both males and females 
** For castrated and non-castrated males from 15-24 months 
*" Ratsed under village conditions with grass as the sole diet. 

Research and Development 

Local feed resources and urea-treated rice straw 

The main feeds for buffaloes and cattle are natural grasses from grasslands, planted grasses in 
pastures, crop residues and other tree leaves. However, buffaloes are usually fed grasses and crop 
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residues of' poor nutritive value compared to those for cattle, due to the tolerance of buffaloes to poor 
and less digestible diets. Nho (1998) stated that in the Northern mountainous region, buffaloes are 
mainly fed natural grasses, Ruzi grass (Brachiaria ruziziensis) was reported to be a feed with great 
potential for Murrah buffaloes in the dry areas (Khong ef al., 1995). Grasses and water plants are 
essential feeds for swamp buffaloes in acid soil areas. Their nutritive value and digestibility have also 
been evaluated (Thu, 1997'). A huge amount of rice straw is produced after each harvesting season in 
Vietnam. It is used for feeding buffaloes and cattle, litter, mushroom growing, burning in fields, 
cooking, ~ t c .  Some on-station and on-farm research with urea-treated rice straw (4% urea) for dairy 
and working buffaloes gave good results in improving the nitrogen content in straw (increasing from 
70.1 to 142.4% compared to the non-treated rice straw). Other advantages of the technique are higher 
animal consumption, it is a simple technology, easy to apply and results in work and yield 
improvemt:nts. This technique has been successhlly applied in dairy production. However, in 
villages the adoption of the technique by farmers is still poor for several reasons, such as farmers' 
feeding habits, low performance of local buffaloes, the cost and labor spent, low profit, etc. Devendra 
(1991) and Owen and Jayasuriya (1989) also stated that unfortunately, fmer ' s  uptake of the 
technique has generally been disappointing (Dolberg, 1995). 

Multi-nutrient blocks and other supplements 

Multi-nutrient blocks have also been studied as supplements for buffaloes in Vietnam since 1935. 
Although, many positive results in cattle have been reported (An & Man , 1991, Dat , 1991 and 
Chinh et at., 1993) the licking blocks are not widely accepted by farmers in the rural areas due to 
the eating habits of Swamp buffaloes (taking Iong time to train the animals to lick, and low 
intake), la& of buffalo housing, dumsy blocks and difficulties in transportation. However, the 
soft blocks (cake) are becoming increasingly popular for improving the condition of draught 
buffaloes, during the working seasons (Thu et at,, 1993). Recent studies have shown that there is a 
great potential for improving the quality of the cakes, as well as its use for supplementation due to 
the ease of feeding, increased intake, and positive effects on performance (Thu and Preston, 
1999). In the urban areas, there are a few dairy buffalo farms, but they mainly rely on 
concentrates for supplementing lactating buffaloes. This situation is similar in the dairy cattle 
farms. 

Sansoucy (1  995) stated that the degree of technology adoption at farm level varied considerably 
with local conditions; characteristics of the basal diet, availability and cost of different 
ingredient:;, production systems, end product prices and marketing capacity. Wanapat (1991) 
concluded that high quality feed blocks together with Iow-quality roughage such as rice straw 
could significantly increase intake, rumiaal NH3-N and TVFA concentration in buffaloes. Some 
on-station and on-farm trials on the use of urea-treated rice straw, together with urea-molasses 
cake to supplement dairy buffaloes gave better results for growth rate (0.60 kg/d vs. 0.31 kg/d), 
and milk yield per day increased by 14.1% compared to that of buffaloes without cake 
supplementation. For working buffaloes supplemented with 5.0 kg of urea-treated rice straw and 
0.46 kg cake per day, the change of body weight, physiological values and ploughing capacity 
was sihificantly improved as compared to buffaloes supplemented 8.0 kg urea-treated rice straw 
and control animals. Chowdhury and Huque (1995) favoured another form of supplement called 
urea-molasses straw (straw enriched with 3% urea and 15% molasses), which they found to be 
more promising compared to the urea-molasses block during field application. Urea-molasses 
supplementation has been studied for enhancing the buffalo performance in terms of technical, 
economicsil and environmental aspects. Several studies on Sesbanilr grmd$ova leaves and 
natural grstsses were also carried out to provide alternative supplementation for swamp buffaloes 
when fed rice straw merely during the dry season (Thu and Preston, 1999). 

Draught buffaloes and tractors 

An on-farm survey carried out in 1989 in six districts in alluvial regions and six districts in brackish 
regions of the Mekong delta, focussed on the productivity and utilizatio;: eficiency of buffaloes as 
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draught animals. It was found that in the brackish region, the performances of buffaloes were inferior 
to those in alluvial regions in terms of growth, reproduction and draught capacity. This was explained 
in terms of the good green feeds and fresh water available in the alluvial regions. In a comparison of 
the efliciency of the use of a pair of buffaloes and one tractor based on profit produced over the 
investment, it was shown that buffaloes were 2.6 times more efficient than tractors. The result 
suggested that small-holder farmers in the Mekong delta with low incomes could get a good profit 
from their investments in buffalo production (Thu, et al., 1993). 

In recent years, when the free market policy of the Vietnamese government came into effect in 
Vietnam, the number of buffaloes in the Mekong river and Hong river delta declined largely because 
of increased use of tractors, increased land areas under cultivation and fanners' expectations that 
tractors would reduce their work load and give higher profits. The latter has caused a reduction in 
grazing lands. Despite this, a participatary rural appraisal in Mekong delta in 1994 showed that many 
f m e r s  still continue to raise buffaloes for their own land preparation, to ensure timeliness of 
seedin%, and for profit from the sale of calves and meat (Ogle et al., 1994). In fact, in many cases 
farmers had sold buffaloes to buy tractors, and then sold tractors to buy buffaloes for work again due 
to the limitation of farmers in their understanding of the use of machines and underestimation of the 
cost of repairs (rhu et al., 1995). Pearson (1993) reported that there are many areas of the world 
where traditional draught animal power is now being replaced by mechanized power. In parts of East 
Asia, tnechanization has been rapid over the last ten to fifteen years and tractor use for example has 
more than doubled from 1975 to 1985 in China, India, Malaysia and Vietnam. Nevertheless, there are 
many situations where it is difficult to see farmers ever being ablc to adopt mechanical power to 
replace animal power, either due to the difficult terrain or high costs. Results of recent studies clearly 
showed that the returns were economically higher in using draught animals as compared to the use of 
tractors, both in Asia and Africa, when cultivated land area was less than 3 hectares (Pearson, 1996). 
Thus the working buffaloes will still have an important role for small-holder farmers. Duc (1998) 
reportt:d that there was a reduction of 37% in the total cost of rice production when using buffalo 
draught power for cultivation and the wastes for fertilization in the Southeastern provinces of 
Vietnam as compared to using tractors. 

Studies on embryo transfer, reproduction and breeding programs 

Frozen semen of Munah bulls was successfully produced for A1 With the technical supports of 
Indian scientists and technicians (Sanh, 1996), but it is still poorly developed. In contrast the A1 
servict:s with frozen semen for cattle in villages are widely developed, due to several active 
projects available for improving cattle productivity. On station A1 for Murrah buffalo cows is 
mainly done with fresh semen. Studies on the use of Murrah bulls to mate the swamp cows has 
been conducted both in the North and the South Vietnam. They showed a good potential, but this 
was limited in reality because of a lack of financial support. Studies on the histology of the 
ovaries, superovulation in swamp buffaloes and buffalo embryo transfer were also reported by 
Nguyen (1997). These will probably be used for improving buffalo production yields and fbr 
conservation of their gene resources. Recent studies on the diseases of swamp buffaloes affecting 
reproductive organs indicated that 21.6% of the total surveyed buffalo cows were infected in the 
vulva, uterus and ovary, which caused reduced calving rate of swamp buffaloes in the Northern 
provinces (Thanh and Dung, 19953. 

Crosstlreeding programs with Murrah and swamp buffaloes have been carried out for years both in 
the Northern and the Southern provinces. It was reported that the crossbreeds were at least equal in 
heat tc~lerance to the local buffaloes and were superior in draught power. Thac (1979) reported that 
the F, crossbreed of local and Murrah buffaloes in the North of Vietnam had a large size, a good 
growth rate, a higher milk yield than the local buffaloes and good draught power. They were easy to 
feed under village conditions. However, their impact in the villages of Vietnam has been poor so far. 
During the past two decades there have been various attempts in different countries such as China, 
Malaysia, the Philippines, Thailand and Vietnam to cross the swamp buffaloes with the Murrah to 
produc,e crossbreeds for draught and milk production (Chantalakhana, 1992). According to Liu 
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(1  978), about 45,000 crossbreeds, between the swamp buffalo and the Murrah, had been produced in 
Southern China with the intention of producing more milk and meat, in addition to draught power. 
Sanh (1996) reported that in FI crossbred buffalo cows, the calving interval was rather long as 
compared lo that of Murrah cows. However, promising milk yield of 1,030k118 kg per lactation was 
recorded, and milk fat was 7.0250,24% under village conditions, Thac et al.(1996) also stated that the 
FI crossbrt:d buffaloes have great potential in terms of meat production. However, this should be 
supported with good programs of selection, breeding, nutrition and disease prevention. 
tiypothetically, the crossbred buffalo would be ideal for small farmers having poor resources. 
However, carefully planned breeding programs will be needed to realize the actual benefits of 
crossbreeding (Khan, 1998). 

Dual and multi-purpose buffaloes 

In Vietnam, buffalo meat consumpt~on is very popular. Buffalo meat from young animals is usually 
used for making "Pho" (a noodle soup) in common restaurants for breakfast, because of its tenderness 
and good taste, while the meat of old buffaloes is sold -fbr making traditional dishes in almost every 
home. Panicularly in the Mekong delta, there is a very popular dish made from old buffalo meat 
which is called "Trau luoc com me" (buffalo meat and offal are cooked with fermented cooked-rice) 
and it is usually enjoyed together with some wild water plants and rice wine. People also believe that 
eating buffalo meat is good for health. However, raising buffaloes for beef is not yet considered by 
farmers, due to the lack of such a tradition, extensive feeding systems and lack of technical 
interventions. Chantalakhana (1992) indicated that at this stage, especially in South-east Asian 
countries, it is questionable whether priority should be given to selection of swamp buffaloes for milk 
production. However, if the development goal is to improve the nutrition and health of the rural 
people, through upgrading of swamp buffaloes for household milk consumption, the breeding goal 
would be to breed a dual purpose animal for both draught and milk production. This ideal would be 
useful for improving the nutrition of children and pregnant women, because of the reduction of 
animal protein sources from fish, scavenging ducks, snails, etc, caused by increased use of pesticides 
for increas~ng the number of rice crops. Some studies on milking swamp buffaloes in villages showed 
a potential development based on farmers' acceptance of tradition of drinking fresh milk (Thu, 1997). 
The multi-purpose use of Murrah buffaloes (work and milk) which was also studied showed promise 
(1 hu, 1990). 

Cows of t:os lndicus and Buhalus Rubalis are truly multi-purpose animals, producing a range of 
commodities that are important to farmers. The use of multipurpose animals for milk, meat, draught 
and manure, has shown potential for increasing farm productivity and A study of the use of female 
buffalo anti cattle working a sugarcane crusher in Colombia showed that sugarcane crushing did not 
have significant effect on the physiology of pregnant and non-pregnant buffaloes and cattle. In 
lactating animals worked for three hours per day, there was a significant reduction of milk yield (0.45 
kg15.5 kg milk) but not of fat (Thu et a]., 1996). However, data collected over two years showed 
that working non-supplemented cows gave the lowest milk yields when compared with non- 
worked supplemented and non-supplemented and working-supplemented cows (Pearsor. et a:., 
1999). The use of poorly-fed buffaloes for draught purposes is not a feasible option for a 
productiofi system involving the use the lactating cows for draught. Some demonstrations of using 
buffalo manure for feeding plastic: tube biogas digesters to produce gas for cooking fuel have been 
carried oul, and the effluents of the biogas digesters were successfully used as fertilizers for crops 
and fruit trees in villages of the Mekong delta (Thu, 1999). 

Diseases and prevention 

Common diseases of buffaloes in Vietnam are Pasteurellosis, Foot and Mouth disease, 
Rinderpest , Bloat, Diarrhoea, etc. (Tam, 1985). Hung (1 993) reported that liver fluke infestation 
was a serious disease in some areas in the Mekong delta and this was also confirmed by different 
authors f r ~ m  the Northern provinces. Blood parasitic diseases reported were Anaplasmosis, 
Babesiosis and Trypanosomiasis. Murrah buffaloes were more infected with parasites than the 
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swamp buffaloes (Hung, 1985). In recent studies Huong (1999) reported that there are four 
Sarcocystis species found in buffalo meat in Vietnam of which two are new species, S. huffalor~is 
and S. Dubeyi Veterinary networks in rural areas are more developed to vaccinate buffaloes twice 
a year before the rainy season and dry season and the vaccinations are mainly against 
Pasteurellosis, Rinderpest and Anthrax. 

Const rain ts 

Although the contribution of buffaloes in Vietnam is very important in terms of farming activities, 
village labour, human nutrition and economy, buffalo production research and development are 
limited compared to the potential. Reasons for these limitations can be listed as follows: 
1. Farmers are wrong in thinking that raising swamp buffaloes is a backward production type 

while cattle production is being supported as promising for the future. 
2. There is a rapid reduction of grasslands as a result of increasing crop cultivation, while farmers 

still follow the traditional extensive range systems. 
3. Lack of research and development resources and, then lack of convincing demonstrations of 

profitable buffalo projects to improve farmers'production. 
4. Lack of conditions and facilities to support development of the buffalo milk and meat 

industries. 

Potential and Prospects 

Vietnam has a great potential to develop buffalo meat and milk industries besides draught 
power, because of the availability of feed resources, labour and markets. Farmers' experiences 
in bul'falo production and the recent positive results of studies also support sustainable 
production. Buffalo production development in Vietnam has slowed down in recent years and 
buffalo performance is only improving slowly, while the demands for milk, meat, draught 
power and fertilizers are increasing, due to an increasing human population and the need for 
improvement of the family economy and living standards. These are challenges to the 
development of this animal species. Thus, buffalo production studies should be more 
technically practical and economically efficient and, applicable techniques and funds for their 
adoption should be given to farmers more directly. Research and development areas in 
buffaloes that could be suggested are: improving buffalo performance and recording systems, 
developing suitable feeding systems, utilizing local feeds, multi-purpose uses, enhancing 
selection and crossbreeding programs, disease prevention, developing milk collecting and 
processing systems, improving facilities for buffalo meat industry, facilitating extension 
sdrvices, etc. Local-international co-operation should be considered for supporting techniques, 
finance and information. 
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Country Papers 

Discussion 

Q. A. Wickremasuriya - What are the common diseases in India, and are high yielding coca 
more prone to  mastitis? 

A. S.K. Ranjhan - The common diseases are rinderpest, FMD, HS, BQ, anthrax, mastitis and 
brucellosis. Mastitis is present in high yielding animals, With regard to brucellosis, an eradication 
programme is in progress. This involves the adoption of a testing and screening programme. 

Q. A. Alexviev - I have observed that you have the Murrah and Meshana breeds in Gujerat. 
What is the future of these breeds? The Nili Ravi animals are not true to type, they have more 
Murrah blood. 

A. S.K. Ranjhan - The Nili, Ravi and Murrah were of the same stock before separation of 
the country. After separation, the herds were maintained in the same way until 1960. Thereafter 
the Nili and Ravi were put together. 

Q. B.M.A. Oswin Perera - With regard to the question regarding 48 and 50 chromosomes, 
no infertility has been found to occur. Earlier, there was concern that there might be unbalanced 
gametes, but it does not work that way. They have been looking particularly at the males to see 
whether they may have a higher incidence of infertility, I wonder whether anyone here has any 
information on this. 

Comment. L.C. Cruz - We have been doing cross breeding and follow-up activities on the 
fertility of males and females. We have 50:50, 75:25 and high blood lines of Murrah x Carabao 
crosses. We went through the process of analyzing fertility even to the extent of analyzing the 
semen quality of the males. I would say that the effect of cross breeding on the quality of semen 
is seen in a higher percentage of abnormal sperms. But as Prof. Jainudeen mentioned, you need 
only one sperm to fertilize. So, in a population of millions of sperm, the possibility is that there 
will be little effect on overall fertility of the male. But, when the male is used for AI, there may 
be some reduction in terms of the semen output. This is our experience in the Philippines. 

Q. S.S.E. Ranawana - Do you have any buffalo ranching farms for meat in the Philippines? 

A. A. del Barrio - We have only one ranch. The buffalo i s  mostly kept for milk. 

Q. T.N. Jayatilake - You mentioned some very important policy constraints for Carabao 
developinent in the Philippines. I think you mentioned the need to develop a more competitive 
industry. How will you bring about this competitiveness? Is it with local or  foreign involvement? 

A. A. del Barrio - This is included in the policy statement on trade liberalization. I believe 
we have to create competition within the Philippines and may be later on, we should consider 
establishing foreign markets. I cannot say what will h a p e n  in the future. 

Q. A. Shakthivale - You were saying that the potential for milk production is between 12- 15 
I/day. Is this the average or the maximum potential? 
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A. A. del Barrio - The production of 1 ~ - 1 5  llday is  fro^ some records that have been 
maintained. The production could reach up to 16 !/day in a few animals. The average production 
w ~ t h  the Murrah is between 8 and 10 llday. But the national average is between 7 and 8 Ilday. 

Q. K.C. Somapala - Dr. Bandara, you were speaking of several management systems and 
also a new system. What is this new system? 

A. B.H.W.M.U.S. Bandara - In the western coastal regioii, where you do not find large herds 
and the fodder availability is low, one cannot practice the traditional extensive managemen, 
system. A system close to the extensive system has to be practiced in ihese areas. 

Q. K.C. Somapala - You also spoke of the genetic degradation of animals. Have  yo^ cny 
scientific evidence of this taking place under natural breeding conditions? 

A. S.S.E. Ranawana - This conclusion has been made on the basis of empirical 
observations, but you cannot deny certain facts that are e~lident. We know that the best animals 
are either castrated or slaughtered for meat and there is no selection of bulls for mating. The bulls 
that s e n e  are those that remain. This has been reported f-om other countries as well. There is no 
hard data to support these observations. 

Q. A.D.N. Chandrasiri - What are the measures that you would suggest to overcome this 
problem? 

A. B.H. W.M.U S Bandara - Our policy is to decrease the herd size and upgrade to produce a 
dual-purpose animal. We will have to do selection, locate the best animals and preserve them. 

Comment. K.C. Somapala - Coming back to my question; I would like to say that 1 have 
been working for some time with farmers who have ;arge 'lerds in the dry zone. When we ask 
these farmers, they say that the milk yields have increased. 

Q. S.K. Ranjhan - The most serious problem we encounter is the reduction in the buffalo 
population. In 1980, Thailand had 6 million buffaloes, but 20 years later the population has come 
down to I million. There are other countries like Malaysia and China, where the population has 
declined. Mechanization will come whether we like it or not. If we keep the buffalo only as a 
draught animal, it will become extinct. In the Philippines too, the population was declining, but 
there ha? been a change in Government policy to arrest the decline by developing a multi-purpose 
animal, China too has changed towards development of a multi purpose buffalo. Perhaps this will 
reverse ihe decline. 

A. P. Skunmun - I agree with you. In 1971, we imported some Murrah buffaloes to Thailzrd 
in order to  make our small farmers to raise buffaloes for milk, but they did not adopt them, 
because we have no milk drinking habit. Still, we produce o-Jy 30 percent of milk for 
consumption. Perhaps if the people will take up to drinking buffalo milk, we can do it. 

Q. S.S.E. Ranawana - How much of your rice is cultivated under irrigation and how much is 
grown under rainfed conditions? 

A. N.V. Thu - In the Mekong Delta areas we have a lot of ~Jater, and in other similar areas 
too we have irrigation systems. But in the mountain regions, we have upland rice cultivation. 



Discussion 

Q. S.S.E. Ranawana - Can you exrjlain a little more about the difference between the hard 
and soft UMMB? You mentioned that the soft block is more popular. 

A ,  N.V. Thu - When the lick block was first introkuced and we demonstrated its use, we had 
no problems with dairy cattle. But swamp buffaloes did not lick it and we failed bec-., cd.se we 
worked with farmers who had not trained the buffaloes. We then came up with the soft block, 
because it can be fed directly even as a solution. For buffaloes we aIso make a thick solution 
which can be applied on rice straw. This is a very flexible method that gave good results when 
urea molasses is fed with straw. 
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Abstract: This paper reviews the current and emerging biotechnologies in cattle and their relevance to 
research in production and health of the Asian buffalo (Buhalus buba1l.s). IyIodern biotechnoiogy was 
originally restricted to molecular biology, genetic engineering and recombinant DNA. However, to be 
applrcable to animal production and health, it has to include reproductive biotechniques as well as 
procedures such as production-related hormones, modification of rumen digestion, new approaches to 
disease diagnosis and vaccine production. 

Spectat:ular results could be ach~eved by production of transgenic animals and clones leading to a lifetime 
and heritable expression of thelr effects in the buffalo However, the desired genets) must be identified, 
isolated and prepared for gene insertion Traits carrylng several advantages could be exploited using these 
emerging technologies. Reproductive biotechniques, such as sexlng and cryopreservation of sperm and 
embryos are in progress for preserving genomes of superior buffaloes in brecding programmes in many 
Asian countries, particularly in India. 

Suitable rumen microorganisms naturally selected or genetically engineered could be used tc develop ncw 
feedrng strategies to enhance buffalo production on low quality feeds. Growth promoters and regL lators 
from irnmuno-mantpulation and feed enzymes are strategies to be considered to improve growth rates and 
leaner carcasses, higher milk yields and reduce feed costs. Recombinant technologies fbr vzccirc 
production and improved methods for disease diagnosis and disease surveillance need serious attention 

Asran c ountrres sl~ould launch their own biotechnology research programmes. The use of biotechnology in 
buffalo research 1s a costly undertaking that requires long-term commitment of personnel and resources. A 
substartial increase of funding for basic research for technology transfer in the buffalo is required. Asian 
countries should seek technical assistance to establish research linkages among institutions engaged in 
biotechnology within and among countries. The :;ood and Pgrrculture Organisation (FAO), the 
International Atomic Agency (IAEP.), and Swedish Agency for Fesearch Cooperation (SAREC) and other 
intemalional agencies should continue to assist member countrles in capacity building of research facilities 
and tra ning of biotechnokogists. 

While 1 etaining the Asian buffaloes traditional role with the rural farmer, let us emulate the experiences of' 
buffalo rearing in Italy and South American countrles and encourage Asian biotechnolog~sts to apply 
emerging technologies for the commercial production of milk and meat from this sadly neglected animal. 

Keywords: Genetic engineering, recombinant DNA technology 

The Asian Buffalo's Plight 

T h e  plight o f  the  Asian Buffalo is a sad story. Many Asian Governments regard the buffalo a s  a 
"servant" o f  the  rural farmer and that little inputs are  needed for its survival in the village 
environment. Under these circumstances, the buffalo populations in many Asian countries is 
rapidly decreasing d u e  t o  mechanisation o r  by being replaced by intensive production systems 
such a s  poultry o r  swine. Emerging technologies in cattle could increase calf survivzl, reduce 
adult mortality, increase reproductive rates, develop new feeding strategies and increase the 
produtdivity o f  the buffalo for meat and milk. This paper reviews the current and emerging 
otecl~nologies in cattle and their relevance t o  research in production and health of the Asian 
buffalo (Bubalus buhalis). 
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Emerging Technologies 

Emerging technologies include biotechnology and reproductive biotechniques. The science of 
biotechnology involves the development of biological organisms or their components for 
commercial or industrial processes, wh~reas  reproductive biotechniques inc l~de  artificial 
insemination (Al), embryo transfer (ET) and reletea biotechniques. 

Biotechnology 

For centuries, traditionai agriculture relied on crossbreeding and hybridisatio;? to improve the 
qrality and yield of crops and animals. Unfortunately, these processes are not only time- 
consuming and costly, but also sexual reproduction can occur only between individuals of the 
s a p s  specles. 

Since the cliscovery that DNA is interchangeable among animals, plants, bacteriw or any organism, 
it is possible to isolate the gene or gems for the traits from one animal acd move them into 
another. The animals modified in this way are called transgenics. Of course, when several genes 
control a trait, the transfer Fcocess is more difficdt. 

Modern brotechnology was originally restricted to molecular biology, genetic engineering and 
recombinant DNA. However, to be applicaSle to animal production and health, it has to include 
reproductive biotechniques as well as procedures such as production-related hormores, rumen 
biotechnology, and new approaches to disease diagnosis slnd vaccine production. 

Reproductive biotechniques 

Advances in reproductive biotechniques already developed in the buffalo could coptribute to 
genetic improvement. However, the ultimate goal is to produce animals whose hereditary DNA 
has been augmented by the addition of DNA from a source other than parental germplasm, using 
recombinant DNA techniques (transgenic animals). Transgenic animals can be created that 
possess traits of economic importance including improved disease resistance, growth, kctation, 
and reproduction, 

The production of transgenic anirr-als is inextricably linked to development of new reproductive 
technologies. It is impossible to produce animals containing foreign DNA in their germlines 
without first manipulating the emhyo and transfer-ing it to a recipient animal. Multiple ovulation 
and embryo transfer (MOET), in vitro egg maturation and fertilisation (IVM and IVF), and 
embryo sexing can be used to upgrade buffalo herds (Jainudeen et al., 1993; Madan et al., 1996). 
However, when reproductive biotechniques are combined with recombinant DNA technologies, 
they provide opportunities to efficiently and cost effectively pyoduce transgenic animals and to 
rapidly improve buffalo productivity. 

Biotechnology and Buffalo Production 

Since the 1980s, the Food and Agriculture Organisation (FAO) has promoted biotechnology 
applicable to animal production, particularly in cattle (FAO, 1990; F A 0  1999). The issue before 
us today s how could biotechnology and reproductive biotechniques in cattle contribute to 
buffalo research in genetics, reproductive efficiency, nutrition, production traits, and disease 
diagnosis and control? 

Animal breeding 

Recent advances in biotechnology have revolutioni~ed livestock breeding. Progress in molecular 
biology and reproductive biotechniques of IVF and micromanipulation of embryos in cattle have 
contributed to the production of transgenic animals, clones and chimeras. Since genetic gains 
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through selection and progeny testing are indeed time consuming, a iker~t ive  anproaches - 
transgenic animals, clones and chimeras - could bring about dramatic results faster. 

Transgenic animals 

The production of a transgenic anima; is a complex process, and involves the following four 
major steps. (1) Tthe desi-ed gene -nust be identified, isolated, and prepared for insertion. (2) The 
host cell must be obtained and prepared for gene insertion, usually a one-cell embryo. (3) The 
desired gene must be transferred to the host cell. (4) The resulting iecombinant embryo is 
duplicated, and the ensving multiple embryos are transplanted into yecipients. This duplication 
process allows for the production of multiple offspring of genetically supzrior animals. 

Achieving the goal of trr-sgenic animal production requires the development of efficient and cost 
efFer,~:ve ~ a y s  to transfer the selected genes to an embryo. Because of the inefficiencies 
p,nqountsred with the us4 of viral vectors or microinjection methods to create transgenic livestock, 
an aiternat'v? ap~roack has recently been developed that uses stem cells derived from embryonic 
or sonlatic (adult) tissues. Stem cells are normally undifferentiated unlike specialised tissue cells 
such as muscle, brain, or liver cells. However, stem cells retain their ability to become socialised 
cells when given the proper stimuli (pluripotent). 'ihese stem cells can be used as vectors to 
introduce selected genes into a host embryo. This method has several significant advantages of 
inserting DNA at specific, predetermined sites within the genome of the stem cells. Targeted 
insertion is possible because stem cells have an intrinsic ability to recombine similar 
(t.omologous) DNA sequences, which results in the replacement of the endogenous gene with the 
desireti gene. 

The gane targeting method makes possible a broad range of phenotypes for transgenic anima:s 
that cculd not be produced economically, using direct microinjection or viral vectors. It allows for 
endogenous genes to be effectively removed or inactivated. For example, bovine somatostatin is a 
hormone that inhibits bovine somatotrophi? (bST) production; inactivation of this gene would 
increase endogenous somatotrophin secretion and presumably increase milk production and more 
efficient growth. If successful, this technology would supplant the need to inject bST to increase 
milk production. The genes controlling the production of inhibin, the ovarian hormone that 
reduces ovrlation rate, is yet another example. 

The advantages of transgenic animals are that they are permanently transformed and newly 
acquired gtnes are subject to normal Mendelian inheritance patterns. The transgene is expressed 
in about 70% of the transgenic animals, but genes controlling production traits are known only for 
the growth hormone gem. 

The simplest proceilire is to bisect an embryo and obtain two "identical offspring". Alternatively, 
clones can be proiuceG by transferring nuclei from embryonic cells to previously enucleated 
oocytes. Clones have been successfully produced in sheep and cattle. Besides nuclear transfer, 
embry3 stem (ES) cells which have the ability to contribute to any or all tissues of the developing 
animd (?luripotent), as stated earlier, have been used in the production of clones from cattle 
embryas (First et al., 1994). Production of cloned buffalo embryos through nuclear transfer of 
buffalo oocytes has been reported at the National Dairy Research Institute, Karnal, India (Singla 
et al., 1997). 

Besides embryonic cells, clones have also been produced from adult tissue. Wilmut et al. (1997) 
successfully cloned an adult sheep by fusing a somatic (mature) celi from the mammary gland of 
a 6-year old ewe with the enucleated oocyte ffom another ewe. Dolly, the sheep, was the only 
successful birth from :?early 300 embryos. A few months later, Kato et al. (19915) reported cloning 
eight calves from cells taken from the oviducts and cunulus, the tissue that surrounds the oocytes 
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of a single adult cow. The success rare was far higher than for groups attempting to clone large 
mammals. 

Cloning was originally directed to genetic gains in livestock production, but because producing 
cloned animals for milk or meat is costly, the technology shifted to pharmaceutical applications. 
Neverthelc;ss, the production of large numbers of elite clones is still needed in animal farming. 
Emerging technologies such as recycling nuclear transfer embryos, somatic cell cloning, new 
cryopreservation technioues ana automated oocyte harvesting could contribute to the greate- use 
of animal cloning rn agriculture (',ewis et al., 1998), but will be applicable only if the technology 
is economically viable. McClintock (1998) has investigated the cost of a cloned embryo for 
various purposes. P n embryo would cost $30 for a smarl farm, 5300 for clones of purebred female 
embryos a,id $300C for male clones. 

Chimeras 

A chimera can be produced by fusing cleavage-stage embryos divested of their zona pellucida. 
Thus by mixing appropriate embryos, chimeras with two, three four or more parents may be 
produced. Chimeras can also be produced by injecting embryonic cells into the early blastoc;/st. 

Production traits and somatotrophic hormones 

It is well recognised that both growth and milk production are significantly lower in buffalo than 
cattle. Opportunities now exist for improving these traits through somatotrophic hormo1,es 

Bovine soinatotrophin and milk production 

Bovine so~natotrophin (ST) or growth hormones (GH) increases x i l k  yield in cows by 10-40%, 
being higher after than before peak lactation. There is increasing evidence that milk from cows 
treated with growth hormone is safe for human consumption. Recombinant DNA techniques have 
made it pckssible to produce large quantities of somatotrophic hormones, which include growth 
hormone (GH, somatotrophin), somatocrinin (growth hormone releasing factor, GRF), 
somatometlin (SF or insulin-like growth factors I and 11) and somatostatin (somatotrophin r~lease 
inhibiting factor, SRIF). As stated earlier, a novel method of increasing somatotrophin secretion is 
by immunoneutralization of somatostatin. 

Growth and carcass quality 

Administr;ition of recombinant somatotropin results in accelerated growth and leaner carcasses ir 
meat animals. Immunomodulation can also be used for enhancing the activity of endogenous 
anabolic hormones. However, unless the expression of the gene is controlled with promoters, the 
health status of the transgenic animals is severely impaired. 

Rumen biotechnology 

Rumen biotechnology has the potential to improve the nutritive value of ruminant feedstuffs that 
are fibrous8, low in nitrogen and of limited nutritional value for other animal species. Knowledge 
of rumen digestion that is relevant to modifying the nutritive value of feedstuffs and the rumen 
microbial zcosystem by biotechnology has been reviewed extensively. McSweeney et al. (1 389) 
discusses the use and potential of biotechnology to alter the amount and avai1ab;lity of 
carbohydrate and protein in plants as well as the rate and extent of fermentation and metabolism 
of these nutrients in the rumen. Current limitations include: isolation and taxonomic identification 
of strains for inoculation and DNA recombination; isolation and characterisation of cand;date 
enzymes; level of production, localisation and efficiency of secretion of the recombinant enzyme; 
stability 01- the introduced gene; fitness, survival and functional contribution of introduced new 
strair c .  
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Biotechnology and Buffalo Health 

Progress has been made in using transgenic animals to increase disease resistance; such ;in 
approach may prove useful in reducing the incidence of specific tropical diseases. 

Disease diagnosis 

Biotechnology is playing an important role in the diagnosis of some viral and bacterial diseases of 
the buffalo. In the past, diagnosis of most diseases was based on serological tests. The enzyve- 
linked immunosorbent assay (ELISA), a rapid method of identifying viral and bacterial infections 
could be employed for the eradication or control of epidemic diseases, which inflict high 
mortality (Sutherland, 1994). The ELISA could be employed to diagnose and monitor the 
effectiveness of vaccination programmes such as rinderpest, haemorrhagic septicaemia (HS), and 
brucellosis. 

Synthetic vaccines 

In cla:;sical vaccine production, (a) the source of the natural antigen can be dangerous and/or 
impos:;ible to prepare in sufficient amounts, and (b) cross-reaction with host tissues can also 
occur. Syntktic vaccines have been developed by substituting native antigenic determinants 
using recombinant DNA technology and genetic engineering. These recombinant vaccines could 
be used against tlie major diseases of buffalo stlch as HS. A vaccinia virus recombinant vaccine 
against rinderpest overcomes major logistical problems of the tissue culture vaccine. Not only can 
the vaccine be administered by scarification as in smallpox but also the lyophilised form of the 
vaccinia virus is heat-stable and does not require refrigeration. 

Conclusions and Recommendations 

Spectacular results could be achieved by production of transgenic animals and clones leading to a 
lifetime and heritable expression of their effects in the buffalo. But the desired gene(s) must be 
identified, isolated and prepared for gene insertion Traits carrying several advantages could be 
exploited using these emerging technologies. 

Currently, Al, IVF, ET, and sexing and cryopreservation of sperm and embryos for preserving 
genomes oT superior buffaloes in breeding programmes are in progress in many Asian countries, 
particularly in India,. Cloning would not be used in selection programmes but to disseminate 
genomes from elite herds to the commercial farmer. In this scenario, cloned embryos would be 
delivered to the farm in the same way as semen straws. Whether cloning of buffaloes will become 
a reality will be determined by costfbenefit analysis 

Suitable rumen microorganisms naturally selected or genetically engineered could be used to 
develop new feeding stntegies to enhance buffalo production on low quality feeds. Growth 
promotants and regulate-s from immuno-manipulation and feed enzymes are strategies to be 
considered to improve growth rates, leaner carcasses and higher milk yields, and reduce feed 
costs. Recombinant technologies for vaccine proiuction and improved methods for disease 
diagnosis and disease surveillance, need serious attention. 

Asian countries should launch their own biotechnology research programmes and not depend on 
the developed nations for pew products an$ rzsearch. The use of biotechnology in buffalo 
research is a costly undertaking tnat requires long-term commitment of personnel and resources. 
A substantial increase of funding for basic research to broaden and speed up the process of 
technology transfer in the buffalo is urgently required. 

Progress of biotechnology in ~u:fa:o research would be extremely slow without the commitrnect 
of national research institutions, and international organisations. Therefore, Asian countries 
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should seek technical s s s i s t a c e  fo establish research linkages among institutions engaged in 
biotechnology within and among countries. The  'ood and Agriculture Organisation (FAO), the 
Internatior\al Atomic Energy Agency (;P.EA), a r d  Swedish Agency for Research Cooperation 
(SAREC) and other international agencies with special expertise s h o ~ l d  continue t o  assist member 
countries in capacity building o f  zesearch facilities and training o f  biotechnologists. 
Biotechnologists should be provided opportunities to  attend seminars, ;io*kshops and courses on 
the use o f  emerging technologies. 

While retaining the Asian buffalo's traditional role in the rural farming system, let us emulate the  
experiences o f  buffalo rearing in Italy and South Pmerican countries and encourage Asian 
biotechnologists t o  apply emerging tech?ologies for the commercial proauction o f  milk and meat 
from this sadly neglected animal. 
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PLENARY SESSION IV 

A Vision for the New Millenium 

Discussion 

Q. O.P. Dhanda - Inhibin has antigonadotrophic effects. Trials in India have shown that to 
suppress, Inhibin can be sued to induce s~:perovulation. Folliculogenesis in buffaloes needs 
further study in order to improve superovulation. 

A, M.R. Jainudeen - Howe~~er,  with transgenics and cloring, the method of traditional 
embryo transfer will be superseded. 

Q. Bogahawatte - There is a need to consider the economic aspects of biotechnology and to 
evaluate the costs in relation to thc berefits. 

A. M. R. Jainudeen - Economics is ime,ortant. Now with new technologies, the costs of 
embryos have been reduced. With time, the technologies become cheaper. 

Q. M.C.N. Jayasuriya - What about the rural farmer in Asia? 

A. M.R. Jainudeen - With biotechnology, it has to be focussed on commercial farmers rather 
that rural farmers. 

Q. S.K. Ranjhan - In India, we have used a lot of biotechnology in many fields and we have 
spent a lot on money. But, we still have not produced a single useful transgenic organism that 
produces a substance of value. In Asia, most of the farms are rural farms, not commercial. Hence, 
what is the role of biotechnology? 

A. The rinderpest vaccine that is now being used is a recombinant product. So we should 
look at the developments in cattle and see what direction buffalo research should follow. 
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Abstract: Over 95% of the buffalo population resides In Asia, contritutlng to more than 96% of global 
buffalo milk production. About 70% of the water buffalo population belong to riverine breeds, some of 
which ?ave been genetically ~mproved for dairy characters, River breeds are predominantly distributed in 
the lndran Sub-continent and Mediterranean countries. Global milk production fi-xn buffaloes is increasing 
partly due to the increase in .the buffalo population and improvement of the genetic potential of anlmals. 
Some genetic progress has been achieved In a few distinct river buffalo Sreeds in India and Pakistan 
through performance recording and progeny testing 'Vith rest of  he breeds (swamp and rke r  types), the 
genetic selection practiced, if any, is thr7ugh -1isual observation. 'n many countr'es, c r x s  breeding has been 
the key to genetic im~rovement and development of multipurpose buffaloes. The extent of artificial 
~nseminat~on (AI) usage in buffaloes is less than 1% in many countries, owing to the difficulty in heat 
detection in female buffaloes and many other problems associated with A' services in the 'lield. 

The indigenous buffalo in Sri Lanka (Lanka buffalo) is a small an~mal  (mature weight being less than 
330kg) with a mllk yield of about 360 kg in a 250 day lactation period. It is classrfied as a swamp type, hut 
has a k.uyotype similar to river breeds Several consignments of idtinah, Surti and Nili-Ravi buffaloes have 
been imported to Sri Lanka since 1937 for crossbreeding purposes. Based on a review of crossbreeding 
studies conducted during the last six decades on buffaloes in Sri Lanka, it can be concluded that there exists 
a substantial amount of additive and heterosis effects to be exploited through designed crossbreed~ng 
programs The basic upgrading scheme, i e. the replacement of the local populatioll by continuous mating 
with improved breeds, demands the availability of a large number of bulls of improved breeds or an 
extensive A1 program, both of which are difficult to be achieved in practice. In order to satisfy the island- 
wide demand for breeding material, the implementation of a breeding scheme w ~ t h  3-tiers (nucleus, 
multiplier and commercial level) IS proposed. Several nucleus and multiplier herds can be established 
according to the demand in different regions of the country using the resources in e~ i s t ing  Ggvernment 
livestock farms and private (contract) herds, respect~vely Semen or stud bulls of several improved breeds 
can be used at least at the nucleus level, The open nucleus scheme is recommended, as it is expected to 
providc: the maximum utility (best in terms of rate of genet~c galn and risk) compared to closed nucleus and 
conventional progeny testlng schemes. Partla1 lactation records are suggested to be used for breeding value 
estimation (using the inde:, selection or preferably BLUP method) to i-duce the generation interval and 
some practical difficult~es at field level 

Keywords: Genetlc improvement, buffaloes, hsia, Sri lanka. 

Breeding Programmes in Asia 

Of the world population o f  approximately 149 million buffaloes, about 95% are found itl Asia and 
more than 67% reside in South Asia (FAG, 1995). T h e  Asian countries currently contribute t o  
over 9 6  per cent of the world's buffalo milk production; India, Pakistan, China and Nepal being 
t h e  largest producers (Ganguli, 1997). Between the t w o  breed types o f  water buffalo, the river 
type is  the most common, accounting for about 70% of the world population and consisting of 
some Asian and Wiediterranean breeds. T h e  other type (swamp breed) is common in China and 
Southeast Asia, including Sri Lanka (Chantalakhana and Bunyavejchewin, 1996). The  production 
Yearbook o f  the cAO (1995) reports a positive growth in milk production in many Asian 
countries during 198 1 - 1994, which is mostly due to  the increase in the  buffalo population in those 
countries. Efforts made on genetic improvement o f  buffaloes by those countries may also have 
contributed to this progress, T h e  riverine buffaloes in the Indo-Pakistan Sub-continent are mainly 
dairy t~reeds ,  some of which have been genetically improved by artificial selection for centuries. 
Among them, the best known are  the  Murrah, Mehsana and Surti in India (Ganguli, 1997) and 
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Nili-Ravi and Kundhi in Pakistan (Khan, 1996). Six distinct pure breeds have been recognized by 
the Indian Council of Agricultural Research. Pcre treeding with performance evaluation and 
progeny testing has been the main objective in the breeding policy of India. However, many 
buffaloes in India fall into the nondescript category, which require cross breeding for their genetic 
improvement (Sastry, 1997). The current broad national breeding policy requires detailed 
delineatior~ to su:t different regions within each state of india. The 8"' five-year breeding plan 
in Pakistan is aimed at increasing productivity of buffaloes instead of population size. The traits 
defined fclr improvement are milk and meat production, draught capacity and reproductive 
efficiency (Malik and Ahmed, 1997). In the rest of the countries in Asia, much of the genetic 
improvement realized is due to cross breeding. In the Philippines, Carabao (native breed) is being 
crossed with Munah and occasionally with Nili-Ravi to produce a stabilized population of 
crossbreds (with 50% local and 50% exotic blood), which will have draught capacity similar to 
the native breed, but with much improved milk and meat production (Apelo, 1997). The breeding 
policy of Nepal focuses on upgrading the local buffaloes (Parkote and Lime) with Murrah to reach 
100% exotic blood level (Shrest and Sherchand, 1997). China, Indonesia, Singapore and Burma 
also have imported Murrah for cross breeding purposes. However, in some countries such as 
Vietnam, cross breeding programmes with Murrah have been very difficult to implement as 
farmers rear buffaloes only for draught purposes (Long, 1997). In Malaysia, pure breeding of 
local swarnp buffaloes and Murrah separately was planned to be continued as local buffaloes 
(98% of the population) are proven to be suitable for draught and meat purposes, while the 
Murrah is a high milk producer with low potential for draught (i'aymond and Ratnakumar, 1997). 
In implementing any breeding policy, continuous assessments and frequent adjustments must be 
made by reviewing the policies periodically, based on genetic Yrogress made in the cou,ltry. Lack 
of reliable record keeping has been a main problem for monitoring the progress. As many 
governmer~ts in Asia cannot provide all inputs and set-{ices for breeding activities of the whole 
farmer population, Government assistance should be given to form private breeder organizations 
to take over most of the genetic improvement activities. 

Progeny testing in Asia 

Successful progeny testing involves recording of performance of individual buffaloes in the field, 
intense selection of young sires, large-scale artificial insemination, data collection and processing. 
This has not happened in buffaloes on a meaningf~l scale in Asia. Large scale progeny testing 
programmes have not been common on a national scale, but operate at the level of the provincial 
state in some countries, like with Nili-Ravi buffaloes in Pakistan (Khan, 1996) and with Mehsana 
and Murrah breeds in India (Trivedi, 1996). Lack of consistent field recording by small-scale 
farmers in rural areas is a major obstacle. Also the animals used in the progeny testing programme 
may be culled, sold or have died before completion of lactation. Khan and Iqbal (1 996) suggested 
that use ol' milk records of the first five months are sufficient to predict the complete lactation 
yield and to rank progeny testing of sires effectively. Adaptation of this practice shouid reduce the 
generation interval and the cost of progeny testing significantly and increase the rate of genetic, 
progress. Statistical modeling of lactation curves for different breeds and regions will also be 
helpful, as these would enable the geneticists lo predict the total lactation yield from whatever 
intermittent records available. 

Genetic improvement for draught power 

Although many Asian countries use buffaloes Lor draught purposes, the basis of selection of 
parents with superior draught power has been limited mainly to appearance. Performance 
measuring and recording is virtually nonexistent as far as draught power is concernea. The 
complexity of measuring procedures of draught pcwer has made it impracticable at the field level. 
However, in small scale, at least for the few elite breeding buffalo bulls in nucleus schemes or in 
research herds, draught power should be measured by introducing improved draught power 
measuring equipments. These equipments must have facilities for ca3bration and standardization 
so that the data are comparable across regions and countries. Hence breeding va'ue estimates for 
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draught bulls can be obtained and comparisons can be made as bull semen is distributed across 
countries. Developing standard equipment must be a collective effort of animal scientists and 
agricultural engineers throughout Asia. In fact, effective futule research studies on draught power 
have to be strictly multidisciplinary irvolving animal sci~ntists, agronomists, soil scientists and 
engineers (Devendra, 1996). 

Multiple trait selection 

When genetic 4:nprovement for several traits (draught, meat, milk etc.) is required simultaneously, 
selection of animals should be carried out using an index that combines information on several 
traits from the animal and its relatives. Unfortunately this procedure is rarely used in buffaloes in 
Asia. Evaluation of progeny performance (feedback: is essential and significance of the 
di,'ferences in 5ald level performance of pure breeds and crosses should be determined. Ideally 
statistical adjustments for non-genetic factors such as parity, management (herd effect), lactation 
length, days d y ,  days open, calving interval, frequexy of milking per day, etc. must be made 
before estimation of breeding values. As buffaloes show seasonal calving patterns, the effect of 
season also may be included. However, the signifi~ance of these non-genetic factors should be 
verified before developing adjustment factors for them, as some factors have shown no 
significance In some studies (Ganguli, 1997). Developing adjustment factors for the significant 
non-genetic effects requires modelling of lactation curves for different ecological zones of the 
country. A scrub bull castration programme should be adapted and intensified if this is under 
operation already; so that unwanted pregnancies from inferior bulls can be minimized under the 
free-range system. 

Molecular genetic approach to genetic improvement 

lnvest~gations on the extent of chromosome polymorphisms irl riverivle and swamp buffaloes and 
the crcjssbreds (F2 generation in particular) and the feeility of crossbreds are among the priorities 
of current molecular genetic research of buffaloes. Studies on genetic distances and relationships 
among buffalo populations in different countries in Asia are of great significance in terms of 
evolution and solving some problems of origin and development of buffalo breeds. A large 
number of microsatellite markers a-e available now, which can be applied across species 
(Devendra, 1996). Masina et al. (1997) provides an excellent review on recent developments in 
molecular genetic methods that helps the breeder to identify individual loci that affect economic 
traits which can be applied to buffaloes as well. Ilowever, the development of molecular markers 
for selection of buffalo bulls is still at the researcl.. level and the operational cost associated with 
molecular methods of sire selection will be a major hurdle to overcome before employing them 
effectively at the field level. 

Buffalo Production in Sri Lanka 

Several estimations of population size of buffaloes in Sri Lanka are available, the widely accepted 
figure being 843,700, of which about 99 per cent is of indigenous type (de Silva et dl., 1985). 
Indigenous buffalo in Sri Lanka, classified as Bubalus bubalis bubalis (Phillips, 1935) is smaller 
in size than many other buffaloes in the region and seldom exceeds 320 kg in mature weight 
(FAO, 1977). It has crescentic shaped horns and a variation of coat colours, the commonest being 
leaden gray (Wijeratne, 1962). It has been categorized as a swamp type phenotypically 
(Macgregor, 1941), but was found to posses the karyotype of river buffaloes having 50 
chromosomes (3ongso et al., 1978), producing no genetic complication when crossing with 
improved riverine breeds. Hence, the hypothesis is that the Lanka buffalo is a descendent of river 
type, but later changed phenotypically to assume swamp type characters <Bongso et al., 1978). In 
addition, there exists a population of wild buffaloes ahich some scientists (Deraniyagaia, 1953- 
55) classify as a separate sub-species (Bubalus bubalis migona). 



The water buffalo in Sri Lanka is primarily use6 for draught purposes, but it is gaining 
recognitioit in many areas as a dairy animal. Meat production has not been a declared objective 
since the ban on slaughtering buffaloes was imposed by the government (Animals Act defined in 
1958 and confirmed in 1979) as a step to increase buffalc population. Draught power of buffaloes 
is utilised mainly for ploughing, harrowing, treading of paddy fields, threshing the harvest and 
puddling clay for making bricks and tiles. Currently about 36 per cent of the agricultural lands are 
cultivated using animal power and 95 percent of the buffaloes used, are of the indigenous type 
(Hulangan~uwa, 1998). According to a survey conducted on 16 of the 24 districts covering about 
2 per cent of the buffalo population of Sri Lanka, only 2% of the buffalo farmers raise buffaloes 
solely for dairy purposes. On the contrary, about 64 % of the farmers were shown to keep 
buffaloes fbr draught without milking them. The rest (34% of the farmers) managed them for both 
dairy and draught purposes and sometimes as a source of meat. Over 90% of the buffalo farmers 
used their animals for land preparation and rice cultivation (Perera and de SiIva, 1985; de Silva et 
aL, 1985). According to the above survey, only 13% of the buffalo cow population were milked 
regularly. Yet about 25% of the milk production of the country are produced by buffaloes 
(Abeygunawardena and Abeygunawardena, 1998). Milk of the Lanka buffalo was reported to 
have a fat percentage (7.4 per cent) similar to that of the Murrah buffalo. However the protein 
content was slightly higher (5.2 per cent) being comparable to that of swamp buffaloes of 
Philippines and China (Horadagoda, 1990). 

Most of the buffaloes in Sri Lanka receive very little attention by the owners not only with regard 
to breeding, but also to feeding and management. No deliberate selection of adults for future 
matings is practiced. However, castration of superior males is conducted to enable handling a .1~  
management of animals and much less to avoid unnecessary mating (de Silva et al., 1985). 
Unfortunately, the traditional practice of castration of superior bulls has made a negative impact 
on genetic improvement for draught power throughout the past. As the land available for free 
grazing is becoming more and more limited, reduction of the number of animals that can be :aisei 
is unavoidable. Hence the output per animal and efficiency have to be increased which can be 
achieved only by improving the genetic potential of the animals and the overall management 
standards. Shortage of good quality breeding stock is recognized as a major constraint to the 
development of buffalo farming in Sri Lanka (Subasinghe, 1989). 

National level co-ordination 

Since 1937, the Sri Lankan Government has introduced severai consignments of indian river 
buffaloes, particularly the Murrah breed to upgrade the local swamp-type buffaloes 
(Rajamahendran et al., 198 1 ; Subasinghe, 1989). Currently breeding activities in the country are 
being carried out by two principal agencies, namely National Livestock Development Board 
(NLDB) and Livestock Division of the Mahaweli Authority of Sri Lanka. The former is under the 
purview of the Ministry of Livestock Development Estate Infrastructure and the laxer is part of 
the Ministry of Mahaweli Development (M/RID and GTZ, 1988). It is the responsibility of the 
NLDB to maintain large farms for crossbreeding purposes of buffaloes (as well as other livestock 
species and poultry) with improved breeds and issue breeding material to individual fame-s. The 
role of the NLDB in buffalo development is descibed in Fonseka (1989). Currently a tot?[ of over 
1700 buffaloes are carried in 11 NLDB farms distributed in all agro-climatological zones in the 
country. This population consisting of Munah, Nili-Rsvi and Surti breeds and crosses 
concentrated mainly in Ridiyagama, Mefsiripura, Nikaweratiya, Haragama, Marandawila ard 
Beligama farms. The Murrah buffalo is the most commonly used improved breed. The Mahaweli 
Authority plays a role of  supplementation to the national breeding programme particularly 
through upgrading the local buffalo to produce a dual purpose type (milk and draught) by crossing 
with Surti and Nili Ravi breeds. National level co-ordination is carried out by National Breeding 
Committee established in 1984 (MfRID and GTZ, 1988). According to the breeding policy 
outlined by the National Breeding Committee in 1994, grading up of existing buffalo popul~tion 
with pure riverine (exotic) breeds up to 100% level was recommended for intensively managed 
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farms. For farms following extensive management systems, grading up  t o  50% exotic blood le$el 
followed by inter-se mating of  the resultant population was recommended (MJAL & F, 1994). 

Performance of indigenous and river type buffaloes and their crosses 

Many o f  the studies carried out in the past on performance evaluation of the Lanka buffalo, 
imported riverine breeds and Their crosses were in the form o f  farmer surveys o r  based on farm 
records (Siriwardene et al., 1999). The  majority o f  these studies that were conducted during the  
last few decades in 3ri Lanka are  summarized in Table 1 .  

Tabre I .  Summary of breeding and performance evaluation research conducted on local and exotic breeds 
of buffiiloes and their crosses in Sri Lanka. 

Trait 
Age at puberty 

(rnonths) 
Age at first calving 

(rnonths) 

Calving interval 
(clays) 

Days open 

First service 
conception 
rate (%) 

Services per 
conception 

Oestrus cycle length 

Local 
35.6 

46.0 
44.9 
44 ,O 

44.0 

45.2 

506.8 
507.0 
720.0 

474 0 

547.5 
384.9 

447.0 

432.0 

80.8 
71.5 
70.9 

77.7 
1.25 

1.34 
1.40 
1.29 
21.0 

Murrah 

44.3 

55 0 

60.5 

51 6 

50.4 

53.6 

496.3 

510.0 

55 1.4 

530.6 
525.0 

498.0 

Nili- Murrah 
Surti Ravi Crosses Reference 

Abeygunawardena et al (1 9937- 

Abeygunawardena et al. ( 1  980) 
Abeygunawardena et a1 (1 993) 
Abeygunawardena et ul (1996) 
Jalatge ( I  980) 
Jalatge & Buvanendran ( 1  971) 
Kumaratileke & Suvanendran 

(1 979) 
Perera ( 1982) 
Perera et a[ ( 1 984) 
Rajamahendran et a1 (1 98 1) 
Ranawana et at. ( 1  992) 
'Tilakaratne and Jalatge (1 983) 

Abeygunawardena et ul ( 1  980) 

Abeygunawardena et a1 (1993) 
Abeygunawardena et a1 (1 996) 
De Silva et al (1982) 
Jalatge and Buvanendran 

(1971) 
Kumaratileke and Buvanendran 

( 1  979) 
Komori et a1 (1 994) 
Perera (1 982) 
Perera et a1 ( 1984) 
Perera et a1 (1 987) 
Ranawana et al. ( 1992) 
Tilakaratne and Jalatge (1983) 

Wijeratne (1 962) 
Komori et a/. (1 994) 
Perera et a/. ( 1983) 
Perera et a1 (1 987) 
Perera (1 982) 

Perera et a/. ( 1987) 
Perera / 1982) 

Perera et al. (1 983) 
Perera et a/. (1 984) 
Perera et al. (1987) 
Abeygunawardefla et al. (1993) 
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(days) 
Gestation length 

(days) 

3 16.9 
316.0 

Lactation length 
(days) 

248.0 
~v~ilk yield pel- 

lactation (litres) 

355.0 

464.0 

360.0 
Calving rate (%) 59 0 

57.8 
58.5 

rvlo~.tality rate (96) 6 - 22 
10-40 

Weight at birth (kg) 17.2 
17.9 

Weight at puberty 186.0 
(kg) 

Mature wcight (kg) 255.0 
Pre-pubertal 155.4 
Growth rate (giday) 160.0 

450 
' ~ u r r a h  x Local cross (F , )  

Jalatge and Buvanendran 
(1971) 

Perera (1 982) 
Perera et al. ( I  984) 
Perera and de Silva (1985a) 
Abeygunawardena et al. (1 996) 

Komori et al. (1 994) 
Kumaratileke and Buvanendran 

( 1  979) 
Pathiraja ( I  978) 
Rajamahendran et a1 (1 98 1) 

264 Ranawana et ul (1992) 
Thamotheram ( 1  980) 
Wijeratne (1962) 
Abeygunawardena et a1 (1 996) 

Komori et a1 ( I  994) 
956' Jalatge (1980) 

1 2 0 3 ~  
Kumaratileke and Buvanendran 

(1 979) 
Pathiraja (1  978) 
Rajamahendran et a1 (1 98 I )  

1064 Ranawana et a1 ( 1992) 
Thamotheram (1 980) 

829' Tilakaratne and Jalatge (1983) 
1096~ 

Wijeratne (1 962) 
Abeygunawardena et a1 (1 993) 
De Silva el al. (1982) 
Perera et a1 ( 1 984) 
De Silva et al. (1982) 
Kumaratileke and Buvanendran 

( 1  979) 
Abeygunawardena et a1 ( 1  993) 
Abeygunawardena et a1 (1 996) 
Komor~ et a1 (1 994) 
Thamotheram (I 980) 
Abeygunawardena et a1 (1993) 

Abeygunawardena et a1 (1993) 
Abeygunawardena et a1 (1 993) 
Abeygunawardena et al. (1 996) 
Komori et al. ( 1  994) 
Thamotheram (1 980) 
Tilakaratne ( I  980) 

Murrah x (Mumah x Local cross). 

Table 1 indicates three important facts. Firstly, it shows that only a handful of research studies 
have been conducted on perforrrance evaluation of local buffaloes, imported breeds and their 
crosses. For example, no study has been carried out on performance of Nili-Ravi x Local cross or 
Surti-Local despite the fact that these crosses are recommended by the National Breeding Policy 
for extensive management systems island-wide. Secondly, it reveals that performance of 
indigenous buffalo is far inferior to  the imported river breeds and performance levels of the 
imported breeds under Sri Lankan climate and management are a little less than the breed 
standards declared by the countries of origin. The latter may be due to the differences in herd 
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management status and climates between the country of origin and Sri Lanka. Thirdly it gives 
some evidence that there exists a considerable amount of additive genetic variation and heterosis 
to be exploited by a suitable cross breeding scheme. It is also noticeable that crossbreds seldorr: 
out-perform their imported parent breed in terms of performance of any economic trait. These 
results indicate that upgrading schemes with exotic breeds can be effective in genetic 
improvement of local population. However the extent of upgrading that has taken place in Sri 
Lanka is far less than expected as found by de Silva et a/. in 1985 (Table 2). Their survey 
(covering 16 out of 22 districts of Sri Lanka) showed that in some districts, there was not a single 
farmer to be found owning pure exotic breeds or crossbred buffaloes. The problem has been that 
althou2h the upgrading approach is very straightforward, it requires imported bulls or semen units 
in numbers sufficient for the whole country. Currently as few as 0.6% of the buffalo farmers use 
artificia: insemination (de Silva et al., 1985). 

T ~ 5 1 e  7,. Distribution of river type and crossbred buffaloes among farmers in sixteen districts of Sri ~anka ' .  
Farmers owning Mean number of Farmers owning Mean number of- 

Dlslric: river type an:mals/farmer crossbred animals/farme:, 
buffaloes (%) buffaloes (%) 

Trincomalee 4.8 2.0 14.3 1.7 
Batticaloa 16.7 2.7 61.1 2.6 
Polonnaruwa 14.3 2.0 28.6 2.3 
Anuradhapura 9.5 1.3 7.1 1.7 
Ham bantota 31.8 1.7 9.1 3.5 
Ampara 24 0 1 3  44.0 4 6 
Gampaha 7 7 1 .O 7.7 2.0 
Ratnapura 26.1 2.3 2 1.7 4.8 
Kurunegala 2.0 1 .O 2.0 1.5 
M atar a 1.2 2.0 18.2 10.8 
Kalutxa 31.8 1.9 59.1 2.9 

Kandy, Kegalle, 
Puttalam, Badulla, 0.0 0.0 0.0 0.0 

Matale 
' Sourcc de Silva et al , (1985) 

'I'he use of A1 ever. in dairy cattle is limited espe,cially in the Dry Zone of the country, due to 
many problems associated with the A1 service. In addition to the problems that are common to 
both cattle and buffaloes, poor demonstration of heat signs by female buffaloes (Jellinek and 
Avenill, 1982) has made the use of A1 for genetic improvement of buffaloes almost an 
impracticable option. However, it is true that there exists a great demand in the country for 
breeding material (Subasinghe, 1989). The obvious alternative to A1 would be to use natural 
mating with bulls of improved breeds. However, assuming thet the number of breedable bulls 
needed is approximately 1125th of the breedable buffalo cow population (which is about 144,000 
animals), the country might require well over 5700 imported bulls to meet the demand. Also these 
sires must be scattered all over the country in such a manner that they are readily accessible to the 
prospective cows in heat. As the demand for superior breeding material cannot be fulfilled solely 
by the State farms, any proposed breeding program should encourage private sector (;ndividual 
owners of superior bull herds and informal sellers of bull calves to other farmers) to be involved 
formally at some stage. These breeding problems demand development of a 3-tier (nuclei~s, 
multiplier and commercial) breeding scheme (Figure 1). 
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Peripheral Government Farms 
and Prlvate Contract Herds 

Fig. 1. Proposed ~~ultt-tier system of.b:ecding 

Establishment of Nucleus and Multiplier Herds 

Under a multi-tier system, nucleus herds are the best managed herds (apex of the 2ational 
population pyramid) consisting of the breeding animals with the highest genetic potential. 
Initially, these herds can be established with the elite buffalo cows screened from currently 
available animals in the population. Stud bulls of khe herd should come from designated pure 
riverine breeds (Murrah, Surti and/or Nili-Ravi) with a few best selected from the indigenous 
population. Inclusion of pure local sires and dams help the comparative evaluation of performance 
of breeds and crosses. All performance recording (production, reproduction, growth, disease 
susceptibility, anatomical defects, etc.) and evaluation should be carried out comprehensively at 
least at this leveI. In the event that draught power is to be measured, nucleus farms are the best 
sites to set up all measuring equipment. If A1 is used with imported semen to produce the FI 
generation, the identification number of the semen donor must be recorded for future pedigree 
analysis, progeny testing and across country compariso~s. B s the appropriate breed combinations 
may differ, each agro-climatologicai zone may require one or more separate nucleus herds. When 
new locations are infeasible, current Government livestock farms established for genetic 
improvement would be the natural choice of location. Rigorous selection procedures should be 
carried oui among the cows and F1 females, to determine the occupants of the nucleus for the next 
year. The ~nultiplier level which receives the F1 males and all second grade females of the nucleus 
may occupy other Government farms and/or a selected group of interested private breeders who 
will eventually be enrolled (registered) in the breeding program. FI maIes from the nucleus can be 
used for matings at the multiplier level if semen of imported breeds is not adequate. Preferably, 
performance recording and selection should be carried out at the multiplier level as well. All 
excess males and females are transferred down to the commercial level (sold to regular farmers at 
affordable prices for breedirg purposes). At the commercial level, scrub bulls must be castrated so 
that the cows will be bred (even under free-range system) only to the bulls with a higher genetic 
potential, mainly coming from the multiplier herds. -he best offspring in multiplier herds can 
enter ,he nucleus (open scheme). Similarly, the very best genetic combinations at the commercial 
level (that are better than some at multiplier or even nucleus level) can be promoted to those 
respective herds. Twice a year, all records can be trans;"erred into a central' recordirlg station (a 
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computer lab) wbere statistical data analysis and genetic evaluations are to be carried out. With 
the continuous flow of a wealth of information on performance of all pure breeds and crosss  
available (animak with 5C%, 75% exotic blood levels etc.), more and more precise conclusions 
and recommendations can be made as to which buffalo breed /cross is the most suitable for a 
given agro-climatological zone. Eventually, the less suitable breeds can be removed from nucleus 
herds. In situations where the crossbreds have shown better overall performance (in all traits 
considered) than pure breeds, selection and mating among the crossbreds can be allowed 
following the path of synthetic breed formation. Although proper nutrition and management 
facilities should be given to animals to discover their full genetic potential, the conditions should 
not dif'fer much from the management level expected at the commercial level. This would make it 
possible to overcome the problem of possible genotype x environment interactions. 

National genetic evaluations 

Ideaily, all of the performance records of animals (milk and fat % of females) in different reg'ons 
of the country identified with a recognizable identification number (code) must be entered into the 
computers at the central recording station (centre for genetic evaluations), established iq a 
university or research station), and genetic analysis and prediction of breeding values must be 
conducted regularly. The genetic evaluations must be conducted at least once a year and 
information on the best buffalo sires, their locations and predicted performance levels must be 
made iivailable to the buffalo breeders (and Government Veterinary offices) in the country in the 
form of a leaflet. When the bull has records available on his relatives as well, that extra 
information also could be included in the process of estimating breeding values to obtain more 
accurate estimates. Simply, the Index Selection method can be used to predict breeding values of 
the buff240 bulls and cows when the non-genetic factors affecting the trait are not significant. 
However, .vvheq several non-genetic factors effect the record of performance of an animal; for 
example, when adjustments for herd, year,, season, age group, parity etc. are required; m9re 
accurate statistical procedures, such as Best Linear Unbiased Predictor (BLUP) method 
(Henderson, 1975) can be used to obtain more reliable and unbiased predictions. Once the 
requirt:d information (performance record, animal identification, sire and dam and information on 
other non-genetic factors considered) is entered into a central computer (with sufficient 
processing power), the evaluation program could release the results of the national evaluations 
promptly. Already many efficient genetic evaluation programs have been developed and widely 
used in developed countries specially for dairy cattle to produce national genetic evaluations twice 
a year (Misztal, 1990; Groeneveld et al., 1990). The same programs can be easily adapted for 
buffaloes in Asia as well, without much alterations. The genetic models such as  Sire model, Sire- 
Maternal Grand Sire model and Animal Model can be used and many programs available today 
have the capability of incorporating the relationship matrix to estimate breeding values cf an 
animal by considering all available information (performance records of self and/or all of it's 
relatives). If imported semen is used this procedure wilt provide an estimate of the breeding value 
of the donor bull living in another country which helps across co~n t ry  comparisons of genotypes. 
Comparison of performance of the bull's progeny at the country of origin with that in a recipient 
country will also enable the breeder to estimate the magnitude of influence of non-genetic factors 
and genotype x environment interaction. Accurate performance recording in the nucleus as well as 
multiplier level is vital for genetic evaluations. Preferably some incentives must be ~ffered by the 
Government to the private herds that have registered in the genetic evaluation scheme to 
encourage accurate and consistent recording on their animals. A technical team can visit the 
registered farmers regularly to record test-day yields and verify accuracy of recording. As the 
scheme progresses, recording can be limited to the farmers who have proven to record true 
information. Initially, standardized partial lactation records of the first five months (Khan and 
Iqbal, 1996) can be used for genetic evaluations circumventing the problems of lack of complete 
milk records and long generation interval. 

With breediqg value predictions made on all candidate animals (sires and dams) on milk 
production (yield, fat %, etc), reproduction (calving interval, scrota1 circumference, etc.), growth 
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(birth weight, weaning weight, etc.) and draught poiger of the breedable population, multiple trait 
selection procedures (Index selection) can be adopted subsequently considering the relative 
market demand for individual traits. 

Risk associated with nucleus herds 

Meuwissen (1 997) showed that nucleus schemes are associated with higher rates of genetic gains 
as well as risk than conventional progeny testing schemes. One type of risk associated with 
nucleus schemes is the danger of introducing diseases and p a r ~ s i t x  into the nucleus by the 
animals (carriers) selected from commercial o-- m~ltiplier levels, occurrence of hidden genetic 
defects in the animals of nucleus, and the danger of having to depend on a small group of animals 
for the progress of whole country. Compared to the current situation that is in practice, the 
expected genetic gain from the proposed scheme far outweig3s the relative risk associated. The 
second type of risk, the type that Meuwissen (1 997) discussed, 's the inherently high variance of 
the selection response associated with the nucleus level (due to low reliability of breeding value 
estimates) compared with conventional progeny testing schemes. Utility theory is often used to 
weigh these two aspects, i.e. genetic gain and risk, and utility values are given to different 
breeding schemes to compare their superiority. The open nucleus scheme suggested by 
Meuwissen (1997) is supposed to provide a higher utili'y valu': than closed nucleris or 
conventional progeny testing schemes. 'Thus the breeding scheme pronosed here (Figure I )  is 
expected LO provide the maximum utility compared with traditionally established schemes. 
Reliability (risk) associated with breeding values of animals is a criterion which is as important as 
the predicted breeding value itself in selecting parents. Dematawewa et al. (1995 and 1998) 
developed a quadratic programming based method to combine breeding values of animals and 
reliabilities associated with them to select the best set of sires from a pool of sires available to a 
breeder through natural service or AI. The recommended set gives the maximum guaranteed 
future income to the farmer. This methodology can be used in importation of buffalo semen, i.e. 
in deciding the best semen donors from the available set of exotic bufralo bulls ard also in 
recommending the appropriate set of stud bulls for mating at rucleus or o r  indiviclual breeders at 
multiplier and commercial levels to obtain the maximum profit. 

Summary 

It is clear that all Asian countries require a more organizea, accurate and widely distributed 
performance recording system. Based upon the information generated through that system, 
periodic genetic evaluations of individual buffaloes and comparisons of pure b~eeds and crosses 
must be performed. Eventually these results should lead to more accurate selection programmes 
and formulation of more precise breeding policies for each climatic zone of the country. The need 
for measurement of draught power and multiple trait selection in the future is emphasized. A 
multi-tier breeding scheme using the resources of current government and private herds is 
proposed for Sri Lanka :o c v'ercome current breeding problems and meet the demand for breeding 
materials. The performance recording and evaluation programme discussed here should lead to 
better breeding policy planning and a higher rate of genetic prog-ess. 
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Abstract: The buffalo of the species Bubalus bubalis has a rare cytogenetic status in that it has two 
cytotypes differing in their performance, appearance, habitat and global geographical distribution. The river 
type with a diploid chromosome number of 50 (2n) are dairy animals with jet black skin colour, having 
short horns which are turned backwards and upwards. They wallow in clear water and are distributed in 
India, Pakistan, South West Asia and South East Europe. In contrast, the swamp type (2n=48) are draught 
animals with a dark grey coloured skin having horns growing outwards lateraily and horizontally in the 
same plane of the forehead. They wallow in marshland and are distributed in South East Asia. 

Detailed cytogenetic studies using different banding techniques have demonstrated that the reduction of' a 
single pair and the formation of a large submetancentric chromosome of the swamp type has been evolved 
from a tandem hsion between chromosomes 4 and 9 of the river buffalo karyotype. 

The domestic buffalo of Sri Lanka is an exception, in that it is known to have a chromosomal constitution 
of 50 (3) though it resembles swamp type in performance, appearance and habitat. The results of a study 
carried out in 110 animals from different geographical locations confirm the existence of the same 
chromosomal constitution in indigenous domestic buffaloes in Sri Lanka. In this project, the study of 
chromosomal morphology was limited to the conventional Geimsa staining technique, but the study clearly 
revealed the absence of large pair of metacentric chromosome (number 1 of the swamp buffalo karyotype), 
the marker chromosome of the swamp type. Investigations are required on the cytogenetic status of the feral 
5uffalo and 'true' wild buffaloes (if they do exist) before an authoritative statement could be made on the 
taxonomy of all indigenous buffaloes of Sri Lanka. 

Keywords: Lanka buffalo, cytogenetic status 

Introduction 

Animal cytogenetics is a study dealing with the application of chromosomal studies on 
reproduction and diagnosis of some clinical problems. Cytogenetic techniques help in the better 
understanding of some types of infertility, embryonic and foetal deaths, congenital abnormalities 
and evolution of species (Wurster and Benirschke, 1968). The water buffalo (Bubalus bubalis) 
represents a rare cytogenetic status as it indicates two cytotypes (i.e. river and swamp types) 
differing in their chromosomal constitution (Cockrill, 1974). Further, they are different in 
performance, appearance, habitat and their global distribution (MacGregor, 1941). 

The river type has 50 diploid chromosomes (Fisher, 1974) and are mainly dairy animals that 
prefer clear water in rivers or ponds for wallowing. They are able to thrive on coarse grasses, but 
will perfam better when fed green fodder supplemented with concentrates (Fahimuddin, 1989). 
The river buffalo is generally massive in size, with a deep chest and relatively larger body. The 
head is heavy with a prominent forehead and longer face. The shape and size of horns vary 
considerably according to breed. The most typical types of horns include the curled type in 
Murrah, sickle shape in Surti, but are never in the same plane as the forehead. The skin colour is 
black while few appear to be brown due to reddish brown hair. The river buffalo is,distributed 
mainly in India, Pakistan and have also been introduced to Southern Europe, Latin America and 
Africa. 

In contrast, the swamp type with 48 chromosomes (2n=48) are mainly draught animals, that are 
~ s e d  in rice cultivation. The swamp buffalo is a barrel shaped, stocky animal with a large girth 
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and flat forehead. They have wide horns, crescentic in shape, in the same plane as the forehead. 
The body colour is dark grey with characteristic chevrons in the neck. The swamp type is found in 
Japan, China and almost all Eastern and South-eastern African countries and in Australia 
(Cockrill, 1974). 

The domestic buffalo in Sri Lanka is an exception in that it is reported to have a diploid 
chromosome constitution of 50 (Bongso et aL, 1977) but resembles the swamp type in 
performance, appearance and habitat. 

Cross breeding of swamp and river buffaloes had been a common practice (Jainudeen, 1983) with 
the aim of genetic improvement. Numerous reports are available on cytogenetic studies of river x 
swamp crossbred animals of different generations (Fischer, 1974). Hybrids with a diploid 
chromosome constitution of 49 are known to be fertile and moreover they have a better 
productivity. However, due to chromosomal imbalance, problems ma;; occur during segregation 
leading to reduced fertility. Hence, before large scale cross breeding programmes are undertaken, 
it is imporrant to study the chromosomal constitution of domestic, fwal and wild buffaloes native 
to Sri Lanka. 

Material and Methods 

One hundred and ten domestic buffaloes from three provinces (Central, North Central and 
Southern Provinces) and ten Murrah buffaloes were bled aseptically using heparinizeci 
vacutainers. The sample distribution covered eight districts, which account for approximately 
50% of the total area of the island. The additional ten samples of Murrah blood were obtained 
from animals at Central Livestock Research Station, Polonnaruwa. 

The blood sampIes were collected in heparinized vacutainers azd transported quickly to the 
Faculty of Veterinary Medicine for culturing for cytogenetic studies, using the microculture 
technique (Verma and Babu, 1980). The peripheral blood samples were aseptically cultured for 72 
hours at 3 8 ' ~  in 7 ml RPMI media (Gibco), 0.1 ml L-glutamine (Gibco), 1% pokweed mitogen 
(Gibco) and a penicillin streptomycin preparation (Gibco). Three hours before harvesting, the 
cells were treated with colcemid (Gibco) in order to arrest the cells in the metaphase. During 
harvesting. cells were treated with 0.075M KC], The cell button was fixed with a freshly prepared 
fixative (methanol: acid = 3:l) and slides were prepared. Unstained slides were examined under 
phase contrast microscope to select the slides containing good quality metaphase spreads. The ah-- 
dried slides were stained for 5 minutes in 5% Geimsa (Mack), rinsed slightly in tap water and 
mounted in  Euquitt. Six slides were prepared from each sample for staining by the Geimsa 
method. Twenty complete spreads from each sample were studied for chromosome numbers and 
morphology. 

Results 

All 110 samples analysed from indigenous buffaloes showec a diploid chromosome number of 
50. The ten samples obtained from Murrah animals, the known river type, also contained 50 
chromosomes. The large metacentric chromosome wh i~h  serves as the marker of the swamp type 
was not observed. Of these 50 chromosomes, the first 4 pairs are distinctly submetacentric while 
the fifth pair is small and metacentric. The remaining 19 -autosotn~s are acrocentrics. In the female 
(XX), the largest pair of acrocentrics is sex chromosomes while in the male (XY), the largest and 
smallest acrocentrics are the X and Y chromosomes respectively. 

Discussion 

Comparative studies of banding patterns of river and swamp buffaloes indicated that genetic 
differences have arisen from a balanced tandem fusion between chromosomes 4 (telomere of short 
arms) and 9 (centromere) of the river type. This tandem f~sici l  leads to the large submetacentric 
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chromosome number 1 in the swamp karyotype (Di Berardino et al., 1981; Chowdhsry e, c :, 
1989) which serves as the marker chromosome. 

Samples of indigenous buffaloes collected from different districts indicated the Yresence of zi 
diploid chromosome number of 50 (2n) withoct the iarge submetacentric marker chromosome. 
This observation is in agreement with that of Bongso et al., 1977 who suggested that indigenous 
buffaloes in Sri Lanka are of the river type. This hypothesis was further supported by molecular 
genetic studies carried out in Malaysia on subsamples taken from the same buffaloes used in this 
study (from the Central, North Central and Southern provinces and samples from purebred 
Murrah animals) (Barker et al,, 1997; Barker et al., 1997; Lau et al., 1998). 

These observrtions confirm that the indigenous domestic buffalo in Sri 1,anka genetically 
resembles river tyoe, whilst in performance, appearance and habitat is of swamp type. Due to this 
unique status of water buffaloes indigenous in Sri Lanka, they are now referred to as 'Lanka' 
buffalo (de 3il.ra et al., 1985). However, further investigations are required on  the cytogenetic 
status of the feral buffalo and true wild buffalo (if they exist) before making an authoritative 
statement on taxonomy of 'Lanka' buffaloes. 
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CROSSBRED BUFFALOES: THEIR ADAPTABILITY IN THE 
DRY ZONE OF SRI LANKA 

A.D.N. Chandrasiri and D.M. Paranagama 

Veterinary Research Institute, P. 0. Box 28, Peradeniya, Sri L a n k  

Abrstract: Approximately 95% of the Lankan buffaloes are found in the dry zone of Sri Lanka anci these 
are used mainly for draught. The breed~ng policy for Lankan buffaloes is to upgrade them using exotic 
genotypes such as Murrah or Nili-Ravi. Information on the performance of the F1 progeny and their 
suitability fo- draught purpose is lacking. Therefore one of the objectives of this study was to assess  he 
adaptability of the F1 progeny in the dry zone, 

Rectal temperature, respiratory rate and heart rate were recorded in F, animals once a week, in the morning 
and afternoon 5 r  a period of 24 months. Ambient temperature was also recorded twice a day at the time of 
measurement of physiological parameters. Correlation between ambient temperature and physiological 
parameters were estimated using computer programs Lotus and SAS. In young animals, there was a highly 
signifi;ant effect of ambient temperature on rectal temperature and respiratory rate indicating a heat stress. 
But in adult animals the relationship of ambient temperature on rectal temperature and respiratory rate was 
not significant. In very young animals (age group up to 24m) the respiratory rate was highly dependent on 
the ambient temperature. The heart rate was not dependent on the ambient temperature. 

Daily milk production of the F, cows without taking into account the amount consumed by the calf was 
approx~mately 1.7 1. The daily average of the Lankan buffalo was approximately 1.4 1. The average 
lactation length of Fl cows was 4 mo with a range of 1.5 - 8 mo. There was strong evidence of heat stress in 
young animals. The simple and effective management techniques to overcome the adverse effect of high 
ambient temperature should be made available to the farmers. More than half the number of the farmers 
(5  1.3%) were not satisfied with the performance of their crossbred animals. Therefore the future of Lankan 
buffaloes lies in transforming these from a draught type to a dual purpose (milk and draught) or triple 
purpose (milk,draught and meat) animal. 

Although the main objective of buffalo upgrading program is to improve the milk production of the local 
herds, only 5.7% of farmers reared them for milk. Another small percentage (14.3%) reared them for 
draught. The majority of them (48.9%) reared buffaloes as dual purpose (milk and draught) while another 
group (3 1.0%) used them as triple purpose (milk,draught and meat) animal It can be concluded that the 
genetic potential of the crossbred F1 progeny is not fully exploited in the study area. 

Keywords: Crossbred buffaloes, adaptability, performance, dry zone 

Introduction 

Sri Lanka has a buffalo population of about 825,000 (Sri Lanka Livestock Statistics, 1991-92). 
Approximately 95% of the population has been categorized as  "Lankan" or "Swamp" type 
buffaloes. The majority of these are found in the dry zone of Sri Lanka, characterized by high 
ambient temperature (21-38' C) and humidity (70-85%). The annual rainfall is approximately 
100Q-1750 mm. There are two drought seasons; February to March and May to October followed 
by the bimodal rainfall seasons "Yala" and "Maha" respectively. Non availability of sufficient 
water for buffaloes during the drought periods is a common problem in the Dry zone. 

The breeding policy for Lankan buffaloes is to upgrade the existing herds to exotic level (The 
National Breeding Po' icy, '1 394). Recommended exotic breeds are chiefly the Murrah and Nil i- 
Ravi. The main objective of the crossbreeding program is to improve the milk production 
potential o f  Lankan buffaloes by exploiting the effect o f  heterosis to its maximum. But it should 
not be forgotten that more than two third (65%) of  the buffaloes are owned by small holders m d  
used jor fieldwork. According to Gunawardene and Thevamanoharan (1994), buffaloes are 
primarily reared to work in the fields for rice cultivation and to thresh the grain. 
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As the axotic breeds havs a k g e r  body frame and are sluggish at work, the question whether the 
uwgraded progeny will be suitable for draught purposes is ye:, unanswered. In addition to draught 
power, very little information is available on the growth and production performance of the 
crossbred buffalo progeny under village management systems. The combined effect of hot and 
humid vieather and scarcity of water prevailing in the tropics may affect the s~rvival  and 
productiviry of the buffaloes. 

The presept study was undertaken to study the adaptability of the F, crosses of Murrak X Lankan 
buffaloes lo the high ambient temperature and harsh enviro;lmental conditions prevailing in the 
dry zone. 

Materials and Methods 

Animals used in this study were chosen from the F1 generation of Murrah X Lankan buffaloes in 
two veterinary surgeons' ranges (Galgamuwa and Maho) in the Kumnegala district, where the 
agroclimatic features are almost similar to those in the dry zone. Thirty-six farmers who owned F1 
cows, which had completed the first lactation, were included in the initial survey. The farmers 
were identified randomly from the lists provided by the range Veterinarians in the respective 
areas. Animals were allowed to graze on paddy lands after the harvest, for about 2-2.5 months. 
During the rest of the period the animals were grazed on natural pastures available in scrub 
jurtg'es and tank beds. No concentrates were fed to the anima!~. 

For the longitudinal study, animals belorgirig to thirteen farmers in close vicinity were selected 
and identified individually using ear tags. The following physiological parameters were recorded 
of each animal, once a week, morning (0700 hrs), afternoon (1400 hrs) and evening (1800 hrs) for 
a period 01' 12 months. 

1 .  Rectal temperature by means of a clinical thermometer ( O F )  

2. Respiratory rates (breathsiminute) 
3. Heart rate (rate of pulse in  the caudal vein) beatsfminute. 

Respiratory rate and heart rate were measured before disturbing the animals. Ambient temperature 
was also recorded three times a day at the time of measurement of the physiological parameters. 

Changes of physiological parameters were measured for both sexes separately. Age of the animals 
was also recorded. Computer programs, statistical analysis system (SAS) and lotus were used to 
estimate the correlation between ambient temperature 2nd physiological parameters. 

Results and Discussion 

The average herd size was 18, within a range of 1-60. Gunawardene and Thevarnanoharan (1994) 
reported an average herd size of 21 and 29 in the two selected regions included in the study. The 
herd compositio~ in the study area is shown in Figure 1. 

A large number of stud bulls had been distributed among the farmers in the area by a milk 
collecting company and crossbreeding of Lankan buffaloes was had been in progress for more 
than two decades. Fifty four percent of the farmers owned stud bulls and used them to serve their 
own cows as well as the cows of their neighbours. 
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ITi Lankan H Crossbred 

Fig. 1 Herd compositlori 

Out of 360 buffaloes surveyed, 2 19 (60.8% ) were crossbreds. A trend in replacement of Lankan 
buffaloes with crossbred buffaloes was clearly visible. 1 herefore the future of the Lankan btlffalo 
lies i n  transforming the draught animal to a dual purpose (milk and draught) or triple purpose 
(~nilk,tiraught and meat) animal. 

Althot~gh the phenotyp~c features of the stud bulls conformed to the breed characteristics, ti-e 
gcnotjnic characteristics or the sclcction criteria of the breeding bulls were not known. Fertility of 
the stud bulls was with~n the normal range. The average number of sertices per conception was 2 
within a range (of 1-5 

MIII, on11 ( 5  7 ' ~ )  D r d ~ ~ g h t  onl! 'C111h 8t I>laupht M ~ l h .  r)ldugllt 8t 
( I 4  3%) (48 9'6) Meat (3 I%) 

Fig. 2. Purpose for rearlng bufaloes 

The average daily milk production of FI  COWS was approxivately 1.7 litres without taking into 
accoullt ihe amount consumed by the calf. The ave?-age lactation length of F, cows was 4 mo with 
a range of 1.5-8 mo. The average daily milk producrio 3 of the Lankan buffaloes in the same area 
was approximately 1.4 litres, without taking into account the amount consumed by the calf, 
b v ~ r a g e  daily milk yield and lactation length of Lankan buffaloes in Kurunegala district reported 
by ~alathge (19801, were 0.9 lit and 90 days respectively. 

Althoi~gh the main objective of the buffalo upgrading program is to i~nprove the milk production 
of the local herds, only 5.7% of farmers reared them for milk. Another small percentage (14.396) 
reared them for draught. This study revealed that the majority of the farmers (48.9%) reared 
buffaloes as dual purpose (milk and draught) animals, while another group (3 I .O%j used them as 
triple purpose (milk, draught and meat) animals. The purpose of rearing buffaloes in the study 
area i v ;  shown in the Figure 2. 'his finding was different from that of Gunawardene and 
Tltevamanoharan (1994) According to them the main reason for keeging buffaloes was for 
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draught. Crossbreeding experiments with Lankan buffaloes have shown great promise in 
increasing their milk produc.ion potential by crossing with the Murrah (Jalathge, 1980). Milk 
yields of different genotypes of buffaloes are shown in Table I .  

Table 1 Milk yields of different genotypes of buffaloes 

Breed Number of lactations Yield in litres 
Murrah 1282 1317 
indigenous 
1 /2 Murrah 
314 Munah 
7/8 Murrah 112 ; 249 

Source ~alathge ( 1  980) 

Findings of the present study indicated that the milk production and lactation length of FI progeny 
of Murrah X Lankan buffaloes were far below the expected levels. More than half of the farmers 
(5 1.3%), were not satisfied with the performance of their crossbred animals. 

The buffalo is an animal, which shows a great affnity to water. During the drought period when 
the supply of adequate water becomes a problem, survival and productidity of buffaloes will be 
badly affected. Buffaloes are susceptible to deprivation of water even for one day. Ranawana et 
al. (1980) reported a reduction in milk production, when lactating cows were denied wallowing. 
They further noticed that when drinking water was restricted, the animals were severely stressed 
and the intake of grass and even rumination was reduced. 

Although wallowing facilities were available in the study area during the rainy season, availability 
of water was restricted during the drought season. Water streams and reservoirs were the common 
wallowing places for the animals. Tilakaratne et al. (1983) confirmed that despite the shade 
provided, buffaloes suffered from heat stress as th.: ambient temperature increased from 0700h to 
1400h Lack of wallowing and restriction of water aggravated the stress. Wallowing appears to 
play a crucial role in adaptation of buffaloes to the tropical environment. 

Mean rectal temperature, -espira:ory rate and heart rate of crossbrzd buffaloes at 0700, 14 00 and 
I8 00 hrs are shown in the Table 2. 

Rectal temperature, respiratory rate and hear? rate showed a progressive increase up to 1400 hr 
and then gradually decreased with the reduction in the ambient temperature (Figures 3, 4 and 5 
respectively). Although the rectal temperature of growing animals is higher than that of adult 
animals, (Tilakaratne et al. 1983) the time affect was highly sisificant. The relationship between 
ambient temperature and the three physiological parameters for different age groups of animals is 
shown in the Table 3, The results indicated that rectal temperature was highly dependent on the 
ambient tempsrature. In young animais, there was a highly significant affect of ambient 
temperature on rectal temperature. But in older animals (> 60m of age), this phenomenon was not 
observed. 'There was no significant difference between the sex. 

Table 2 Mean rectal temperature, respiration rate and heart rate of crossbred buffaloes at different ambient 
temperatures. 

Time 0700 h 1400 h 1800 h 
Mean ambient temperature (GO ) 27.3 37.2 32.0 
Rectal temperature

A

, (F' ) f 00.4 106.1 102,5 
Respiratory ratelmin. 22.0 95.0 30.0 
Heart ratei'min. 48.0 52.0 50.0 



A.D.N. Chandrasiri and D M. Paranagama 

Ambient temperature (C) 

Effect of ambient temperature on rectal temperature 

20 25 30 3 5 40 
Ambient temperature (C) 

Fig. 4. Effect of ambient temperature on respiratory rate 

I 1 

25 30 35 
Ambient temperature (C) 

Fig.5. Effect of ambient temperature on heart rate 

The same relationship was observed between respiratory rate and ambient temperature. In very 
young animals (age up to 24 months), respiratory rate was highly dependent on the ambient 
temperature, indicating a response to heat stress. But in adult animals, the relationship between 
the ambient temperature and respiratory rate was not significant. Young animals appeared to be 
dependent more on evaporative heat loss through respiration. This observation is in agreement 
with the observation made by Tilakaratne et al. (1983). The denial of wallowing together with 
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depriva~ion of drinking water caused the basal respiratory rate to increase significantly. Heifers 
had higher respiratory rates than adult animals, at higher temperatures. 

Table 3. Relationship (probability >F) between age group and three physiological parameters of crossbred 
buffaloes. 

Age group (m) Dependent variable 
Rectal temperature (PO) Respiratory rate (min.) Heart rate   mi^.) 

<12 0.000 1 0.0001 0.0852 
12-24 0.00 18 0.0001 0.6928 
24-36 0.000 1 0.3084 0.0005 
3 6-4 8 0.0001 0.000 1 0.9821 
48-60 0.000 1 0.7877 0.05 13 
60-72 0.0723 0.000 1 0.4326 
>72 0.1965 0.9340 0.01 39 

Respirative evaporation has greater importance than any other mechanism in maintaining heat 
halance in buffaloes (Pandey and Roy, 1969). As adult animals develop the capacity to loose 
moisture through the skin at :ates comparable to those of zebu cattle, they are not much affected 
by high temperature and humidity. 

According to the results of this experiment, the heart rate was not dependent on the ambient 
temperature in any group of animals. But Tilakaratne et al. (1 983) observed a significantly higher 
pulse rate in heifers (mean 65.3) compared to the adults (mean 52). Heifers showed a grezte: 
elevation at higher ambient temperatures. 

Conclusions 

A rapid cross breeding process of iankan buffaloes with exotic genotypes is taking place and the 
gradual replacement of the Lankan buffaloes in village herds with crossbreds is evident. Although 
the buffaloes are known to be hardy animals, high ambient temperature and humidity may affect 
their overall performance. There was strong evidence of heat stress in young animals in the study 
area. This may affect their growth and subsequent overall production performance. Further 
research is needed to confirm this. The most critical stage is at calf-hood where strict control 
measures I~ave to be taken in order, to overcome the adverse effects of high ambient temperature 
and high humidity. The rise in rectal temperature and respiratory rate in young animals indicated 
that they are more susceptible to heat stress. Asker et al. ( 1  953) concluded that the buffalo calves 
are more kulnerable to heat stress than adults. It is evident that lactating cows were also affected 
by high ambient temperature and humidity. 

It also can be concluded that the genetic potential of the F, progeny was not fully exploited in the 
study area The breed improvement program, which had been implemented in an ad-hoc manner, 
should be re-organized. Bull calves selected and issued for breeding should always be from dams 
with superior genetic merit. Replacement stock should also be selected from superior cows in the 
field. The findings of this experiment are m agreement with those observed in other studies 
carried out elsewhere. 

The inforn~ation gathered, confirms that the stud bulls of exotic genotypes do not suffer from heat 
stress, indicating that they develop capacities to withstand the adverse effects of unfavorable 
environments as they grow. Fertility of the bulls was within the normal range. 

Training on simple and effective management practices to overcome the adverse effects of high 
ambient temperatures should be made available to the farmers. Shade is considered to be an 
important factor in ameliorating climatic stress in buffaloes. But in warmer weather conditions 
animals will suffer from thermal stress. Provision of sufficient wallowing facilities is another 
effective management practice to overcome the bad effects of high ambient temperature. 
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Provision uf feeds during the cooler hours of the day, especially during the night is also an 
important management practice. It has been observed that night feeding of paddy straw has 
improved the growth rates of buffalo calves and improved the body condition of the adult 
buffaloes (Chandrasiri, un published data). 
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SYMPOSIUM - I 

Genetics and Breeding 

Discussion 

Q. B.M.A. Oswin Perera - With regard to the different goals how could you organise the 
multi tier system? 

A. C.B.M. Dematawewa - What I suggest is that we need a different nucleus closer to those 
pockets. Then multipliers around those areas should also be there. There are many people who 
sell, lease or hand over their bulls to other farmers for stud purposes. Rig5t now nucleus herds are 
maintained only in Government Farms. Of the breedable cows only 10% are bred through AI's 
and the balance 90% are bred through natural mating. We cannot locate a nucleus herd in 
Colombo and ask breeding bulls to be transpofied to places like hambarltota. Different regions 
have different agro-climatic and management conditions. There are people who would be willing 
to do this at a commercial level. They would like to use the resources of the nucleus material, 
multiply and sell animals. They should also be required to undertake recording etc. We need 
somcthing like a registration scheme for contract breeders who would have official recognition. 
The recording systems introduced should be compatible and the information can be incorporated 
in the data entry forms. We need several of them in different zones according to the demand. 

Q. A.K. Misra - You said that Malaysia is going to start nucleus heeding scijemes with 
buffaloes. Do you have a report on this? 

A. C.B.M. Dematawewa - No, I don't have a report here. There was a seminar organised by 
the Ministry of Livestock Development in 1997 at Kandalama, at which delegates presented 
country papers. The paper from Malaysia indicated that they were intending to start a programme, 
though not at a national level. 

Q S.K. Ranjhan - What is the breeding policy for buff~.loes? Vou have highlighted a genetic 
strategy to improve the breeding of buffaloes. On paper this looks ver-  good, but looking from a 
realistic point of view, it is the market forces that determine Government policy. Do you have a 
single ~ o l i c y  or different policies for different regions. 

A. C.B. Dematawewa - As far as I understand there are no separate policies for differert 
regions. For buffaloes, Murrah, Nili Ravi and 50% crossbreds are recommended. 

Q M.R. Jainudeen - i have seen buffaloes in India that are very similar to the buffaloes in 
Sri Lanka. Xave yo:: looked at these t y ~ e s ?  

A. P. Abeynayake - 1'40. 

. B.M.A. Oswin Perera - With regard to the cytogenetic status of the Indian buffaloes, I 
have read that they are of the swamp types, that is the karyotpye of 48 chromosomes. Is this 
correct? 

A. S.K. Ranjhan - Yes. These types is found in Assam and t'7e Northeastern parts close to 
Myanmar and Bangladesh. 



Symposium I 

Q A. Borghese. - It is clear that your interest is on stress and you have monitored the 
physiology of the animal to show evidence of stress. But in arriving at stress, you need to study 
the different steps in animal welfare. It is important to monitor the welfare indicators such as 
metabolic profiles and hormonal profiles before arriving at stress factors. Have you don= any 
animal welfare evaluation before stress evaluation? 
A. A.D.N. Chandrasiri - No. This study was carried out under field conditions and it was not 
possible to move from farm to farm to do such studies. Future studies should focus on these areas. 

Q. K.C. Somapala - What type of animals were used in the study? 

A. A.D.1V. Chandrasiri - These were first generation Lankan x Murrah crosses. 

Q. K.C. Somapala - Are you sure that the Murrah bulls were pure breds? 

A. A.D.N. Chandrasiri - Yes. They were from Government Farms and phenotypically they 
were pure breds. 

c? B.M.A. Oswin Perera - Was there any information on the performance of the dams of the 
bulls that were used? 

A. A.D.N. Chandrasiri - All the bulls born in the farm had been issued. It was not possible to 
obtain this information from the records. 

Q. K.C. Somapala - Do we have any reports of studies to show whether cross breeding has 
been effective? 

A. A.D.N. Chandrasiri - The studies done by Dr. Jalatge show that milk production 
increased gradually with increase in Murrah blood. But this was not seen clearly in the study area. 
This is why I mentioned that the genetic potential of the Murrah has not been fully exploited. This 
may be due to the sire factor and also the climatic and management conditions. 
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Abstract: Statistics clearly show that the world buffalo population has increased during the past 15 years. 
This has occurred despite the fact that the new innovations during the period, relating to the treatment of 
fibrous crop residues and supplementation strategies involving the use of small amounts of soluble and 
rumen non-degradable nutrients, have had no significant impact on production. The water buffalo, 
especially at the small farmer level, will continue to depend on poor quality forages, crop residues and agro- 
industrial by-products for their nutrient supply. Large inputs of alternative feedstuffs are not possible due to 
the lob availability of such feeds as well as to economic constraints. The strategy would therefore be to add 
low levels of supplements to existing basal feeds, to promote modest increases in productior:. This low- 
level supplementation approach will provide limiting nutrients to the microorganisms and improve the 
efficiency of rumen microbial function. It would allow the rumen to reach its potential production level, and 
the resulting increase in the microbial bio-mass will in turn increase feed intake and production of the 
animal. 

The knowledge of the microbial contribution to the nutrition of the host animal is essential whezr developing 
feed supplementation strategies, for improving ruminant production. While this has been well recognized 
for many years, it has been extremely difficult to determine the microbial protein contribution to ruminant 
nutrition. Surgically modified animals and marker techniques have been used to estimate the digesta 
outflow and the rate of production of microbial protein. However, recently the Purine Nitrogen Index (PN?), 
a new parameter which has a potential for assessing the efficiency of conversion of dietary nitrogen to 
microbial protein, has been proposed as a means of establishing the nutritional adequs.cy in ruminant 
livestock. Technologies directed towards the manipulation of the rumen ecosystem by way of microbial or 
anti-microbial feed additives, the removal of protozoa and genetic manipulation of ruminal microorganisms 
may have prospects for the future. What may prove more difficult could be the maintenance of rew strains 
in the mixed ruminal populations. 

Livestock development in most developing countries is constrained by minimal public secto: in-(restment 
and participation, and inefficient and often poorly coordinated support services. P nui:lber of macro 
economic policies involving pricing of raw materials ?.nd products, producer and consumer subsidies, 
infrastructure development for storage, processing, marketing and research anc! extension serlices have 
both direct and indirect impacts on livestock production. 

Keywords: Nutrition, future trends, prospects, purine nitrogen index, nitrogen conversion efficiency 

Introduction 

T h e  world population of water buffaloes has reached 152 miliion according to  statistics compiled 
a t  the F A 0  (FAO, 1998). Nearly 96% of  this buffalo population are located in Asia; India having 
the largest buffalo population of 53% of the world total. China and  ?akistan come  second and 
third wi th  15 and 1396, respectively (Table 1 ). These statistics clearly show that the  world buffalo 
population has increased over the 15 year period 1981-1996 by over 30 million (an average 
annual increase o f  nearly 2 million), disputing the view that the world buffalo population has been 
dwindling. 

Domestic buffaloes are divided into two  main types. Over  65% of the domestic buffaloes are of 
the river type and around 30% are of the swamp type. The  rest mostly being the  Mediterranean 
type (Figure I ). While the river type has been developed by selection For milk production (India, 
Pakistan), the swamp type is primarily the work animal of rice growing countries such as  China, 
Thailand, Philippines, Vietnam and Indonesia. 
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Table 1. 3'orld buffalo population -- 1996 

iTegionIConntry 1979-8 1 1991 1996 
(Million head) 

Asia 
India 
China 
Cambodia 
Pakistan 
Thailand 
lntionesia 
Nepal 
Viztnam 
Philippines 
M:ianmar 
Laos 
Srl 1,anka 
Malaysia 

Europe 

World total 121.74 147.18 151.96 
Source. FA(>, 1998 

River type S ~ a m p  type Other 

F ig  I .  Dif'fcrcnt buN'alo types in thc ivor ld 

The Role and Contribution of Ruminant Livestock towards Global Food Needs 

t,ivestock in general are an important component of traditional agriculture, complementing arable 
cropping i n  most developing countries. Their contribution to the economic welfare of the people 
extends beyond the traditional uses of supplying meat and milk. Livestock are multipurpose 
animals. 111 addition to their importance for meat and milk they are valued for their hides, skin, 
fuel and fertilizer. They provide manure, which helps to replenish soil fertility by restoring 
nutrients tliat crops utilize. In many societies (e.g. India and Bangladesh), animal manure is used 
as a fuel fisr cooking purposes. For many rural smallholder farmers, livestock are a 'living bank' 
and serve as a financial reserve for periods of economic distress and crop failure. They are a 
primary scmrce of cash income for farmers to buy grain and other food items. They enable the 
farmers to purchase agricultural inpiits such as seed, fertilizer and other requirements. On average, 
livestock accounts for half of agricultural output when both their direct and indirect contributions 
are considered. Directly, they provide food (meat and milk) and non-food products (hides and 
skins) amouriting to about 20% of agricultural domestic product. Indirectly, they contribute over 
30% by slipplyi~ig essential inputs to agricultural production. In mixed crop-livestock farming 
systems, livestock also have a critical role to play in the development of sustainable and 
environmentally sound production systems. In addition to their direct contribution to the 
sustainability of farming systems by providing manure, livestock increase productivity of 
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marginally productive land that may be vulnerable to degradation. Legumes grown to feed 
livestock also provide nitrogen for crop production through fixation of atmospheric nitrogen. 

To the crop farmer, especially in Asia, czttle and buffaloes are the prim~ry source of traction and 
power for ploughing, hauling, pumping, transport and threshitg, increasing productivity of small 
holdings. Domestic buffaloes in all develo~ing countries form an integsal part of farming systems 
and have a multi-purpose role in agriculture. in India, Pakistan and Europe buffaloes are kept for 
milk production. About 70% of milk consumed in India and Pakistan come from buffaloes. The 
swamp buffalo indigenous to Thailand, Malaysia, Philippines and Indonesia contribute a 
significant proportion of meat consumed in these countries. In countries such as Sri Lanka, Burma 
and Vietnam, they are kept mainly for draught purposes and in some instances for their value 
added products such as curd, ghee and butter. 

This keynote address is o o ~ c e n e d  with the importance of nutrition in buffalo production and the 
identi3ca:ion of technologies for the 21" century for improving productivity, given the fact that 
resources are likely to be limited and perhaps remain unchanged. 

Constraints to Buffalo Production and Challenges for Improvement .in Dev~eloping 
Countries 

Feed resources and their utilization - past trends 

The major riutritional constraints affecting buffalo production have not changed over the years. 
Over 15 years ago, Mahadevan (1983) highlighted two major nutritional constraints to buffalo 
production in Asia. He pointed out that poor digestibility associated with low intake as well as the 
low availubili~ of dietary nitrogen were major constraints to buffalo production, especially in the 
Asian region. The feed resource base of the buffalo is traditionally poor in quality and comes from 
the uncultivated lands, roadside grazing, crop residues and agro-industrial by-products. The Iztter 
is actually the major feed resource supplying the nutrients in most situations. Inevitably these are 
poor in quality, lack most of the required nutrients, especially of proteins and minerals and are 
bulky to be transported. 

The type of systems adopted in buffalo production has not changed over the past 15 years. The 
smallholder farmers rearing swamp buffaloes still allow the animals to graze available forage 
during the day, herd, tether or confine them at night, to keep them away from predators or to 
ensure that they do vot damage crop fields. Some farmers give rice straw as a night feed or in very 
rars occasions a little concentrate as a supplement. There is rarely any organized production, 
especially amongst t5e smallholder farmers. Organized production is seen only in situations 
where Suffaloes are reared on a commercia- scale, for milk and meat production (e.g. India, 
Pakistan). 

Mahadevan (1983) also described the attempls that were being made to improve the nutrition of 
buffalo, especially in the Asian region. The greatest concentration of nutritional research at that 
time was on methods of treating fibrous crop residues so as to improve their digestibility and 
nutritive value. Chemical treatment, involving caustic soda, ammonia generated frmr urea and 
other methods were being tested with varying degrees of success. Something closs to a 'residue 
revolution' took place in the developing tropics in the 1980s. There was an increase in knowledge 
on the subject widely publicized through scientific journals, newsletters and other medla. 
However, the results have not had any major impact on buffrlo production (or ruminant 
production in general) under traditional management conditions. Nor is there any svidence to 
show that the large research effort has resulted in the greater utilization of crop residues and agro- 
industrirl by-p~oducts 'n d e v ~ l o ~ i n g  countries (Owen and fayasuriya, 1989). 
P t &>out he save time, there was a resurgence of interest in the use of untreated straw as a basal 
feed for cattle and buffaloes. Adopting the principles of nutrition, which require that rumen 
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microbes should be treated separately from the host animal, supplementing strategies were 
conceived.and developed. This necessitated the need for separate consideration of the nutrition of 
the mtcrobes from the host animal vis a vis the nutrition of the microbes and nutrition of the host 
animal. The development of the urea molasses multinutrient blocks (UMMB) was an outcome of 
this concept. Attempts were made to satisfy the demand for nutrients of the rumen 
microorganisms by way of readily available and soluble nitrogen and energy, and supplying the 
host animal with adequate nutrients, through the provision of 'by-pass nutrients'. Many research 
projects funded by UN organizations (FAO, IAEA) or other NGOshilzteral agencies (ILRI, GTZ) 
were in operation. For example, an IAEAIUNDP project involving the use of LJMMB, through 
utilisation of research findings of national institutss and the application of nutritional principles, 
achieved remarkable results by improving production and reproduction both in cattle and 
buffaloes in Indonesia. A similar project funded by the FAO/UNDP was also operational in the 
Philippines. However, the evidence of the application of UMMB on a wider scale (other than in 
Indonesia) benefiting the livestock industry in general and buffalo production in particular, is yet 
to be seen. 

The factors responsible for low farmer uptake of new tecE_na!ogies, especially the straw treatment 
methodology, were highlighted by Owen and Jayaslrr:ya (1989). These factors were identified as: 
(a) the absence of detailed production patterns of crop residues within countries, including when 
and where residues are produced, (b) the difficulties in transporting and storing residues, (c) 
technologies being inappropriate, (d) the near absence of agricultural extension services and (e) 
the insufficiency of on-farm research to demonstrate the economic benefits that could be derived 
from the new technologies. However, it was never considered +hat the use of incorrect target 
adopter groups could have been a major reason for the low uptake of the new technologies. A 
smallholder farmer who keeps two milking cows or milch buffaloes as a supplementary source of 
income, will rarely attempt to increase the output from his animals by adopting new technologies, 
since h e  additional income that he may derive would be marginal, in relation to his main income, 
from say, rice cultivation or cash. crop production. If the technology was direcled towards a 
commercially oriented farmer, whose main income was from milk or meat production, then the 
new technology could have brought him an increased income and therefme the adoption of the 
new technology would have been a profitable venture. The extra incorrie derived from the new 
technology should be clear and sufficiently large to warrant the extra effort required, in terms of 
labour, time and capital. Even a successful farmer-plot demonstration may not change the attitude 
of a smallholder farmer, unless the extra income derived could justify his efforts. 

Feed resources and their utilization - future prospects 

Globally, food production seems to have increased during the past few decades, but the 
productivity of the agricultural sector in many developing countries has been declining. Thus 
many countries have been importing increasing amounts of food from developed couritries, 
particularly products of animal origin, in order to meet the 'ncreasing demand. Urbanization and 
income growth, changes in food consumption patterns, often lead to the general increase in the 
consumption of livestock products. The low consumption of animal products in developing 
countries amongst the rural poor is because of their inability to afford expensive animal products 
in their diets. They are often vegetarians through necessity rather than by choice. The excessive 
consumption of animal products is considered to be a serous health hazard orimarily in eMuent 
societies and is related to urbar life styles. In developing countries, animal fat provides a valuable 
contribution to the daily energy needs of the people. 

The two primary sources of prod:_lction increase can be envisaged for the future. These are: (a) 
through an increase in the number of animals, either through the expansion in the absolute 
livestock population or by increasing the off-take rate (for meat production), and (b) by increasing 
animal productivity, which will increase the output of milk and meat per animal, through 
improved manageme?, feeding, br?eding, health and husbandry technologies. 
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The first trend is expected to prevail in extensive production systems where there is little or no 
limitations to grazing management (as in many countries in Africa and Latin America). The same 
applies to countries that have grazing systems with limited scope for expansion but have large 
areas that are less densely populated (China, Mongolia, Indonesia). The second trend will prevail 
in many developing countries that lack potential for expansion of their grazing system. They need 
to increase yields per animal as an important source of growth. Thus, commercial scale 
production with improved technologies will have to come into operation since only economies of 
scale will prevail in open and free market oriented economies. 

Feed will continue to be a major limiting factor to the expansion of the livestock sector in xost  
de-,/eloping countries. Therefore, attempts to increase livestock productivity will become more 
demand driven, capital intensive and high technology oriented. Such production systems wil; be 
ap?lic,able only to sectors producing poultry meat, pork and eggs. Future development in the 
mminant industry will continue to focus on adaptation of technologies that will increase the 
efficiency of utilization of locally available feed resources and management strategies. 

Present trends in buffalo production clearly show that there will be no new feed base for 
improving productivity in the developing countries in the near future. Production will have to 
come from existing resources such as cereal straws, poor quality grazing and other agro-industrial 
by-products with minimum of supplementation. Malaysia has made many attempts to promote the 
use of oil palm by-products as the main source of nutrients for both cattle and buffalo production. 
There are reports that in Guatamala, a large commercial milking herd of buffaloes is maintained 
only on African palm fruit waste and available pasture. Many developing countries in Asia 
maintain their buffalo herds on poor quality grazing and little or no supplementation. 

Technologies for the New Millennium 

Urine purine derivative technique for measuring the efficiency of microbial protein 
preduction in the rumen 

Animals in tropical countries, especially at the smallholder level, will continue to depend on poor 
quality forages, crop residues and agro-indusirial by-products as their major source of nutrients. 
Large inputs of alternative feedstuffs are not usually possible due to low availability of such feeds 
as well as due to economic constraints. The strategy would therefore be to add low levels of 
supplements to result m modest weight gains and increased milk production. The low-level 
supplementation approach will provide limiting nutrients to the rumen to improve the efficiency 
of microbial function and thereby allow the rumen to reach its potential production level. Tt7e 
increased production of microbial bio-mass will in turn increase intake and thereby production by 
the anlmal. As stated earlier, the supply of nutrients to microbes will maximize the production and 
efficiency of microbial protein production but a simple and reliable method for determining the 
extent to which this has been achieved has not been available. Surgically modified animals and 
marker techniques have been used to estimate the digesta out flow and the rate of production of 
microbial protein. However, recently a new method for quantifying microbial protein production 
Sased on the measurement of the purine derivative excreted in urine, has been developed. 

The principle behind this methodology is as follows: Microorganisms have high concentkitions of 
purine containing compounds relative to concentrations in plant and mammalian cells, Moreover, 
purines in dietary and endogenous m~terials are in general rapidly degraded by microbial enzymes 
in the rumen. They are likely to be present in only negligible concentrations in digesta leaving the 
rumen. The microbial purine on the other hand, remain intact in living microbial cells and pass via  
the abomasum to the small intest'ne. The purine present in digesta entering the small intestine can 
therefore be expected to be almost totally of microbial origin. Microbial purines are therefore 
specific markers of the micr~bia; fraction. If the concentration of purines in the whole digesta and 
in a pure sample of microbial biomass are expressed as a ratio, the result is an estimate of the 
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fraction of tke digesta that is of microbial origin. If the digesta flow is determined using 
cannulated animals and non-absorbable gut markers as mentioned above, the flow rate of crcde 
protein or any other microbial component in the digesta can also be determined from its ratio 
relative to the ?urine concen'ration. 

Of the microbial purines that are degraded enzymatically to llucleotides and purine bases, some 
are absorbed into the animal body, but the majority is excreted via the kidney in the urine. The 
rate of excretion of purine derivatives in the urine tend to closely reflect and can therefore be used 
to predict the flow of microbial purines into the intestine. If the concentration of purines in a pure 
sample of the mixed microbial biomass, as well as the predicted flow rate of purines from the 
rumen are known, then the flow of microbial biomass can be s i m ~ l y  determined. 

Using this principle a potentially new parameter called the Purine Nitrogen Index (PNI) has 
yecently been introduced by Chen and Jayasuriya (1998), for the evaluation of ruminant feeds. 
The principle of the concept is that during microbial fermentation, part of the dietary nitrogen is 
converted to ammonia, a proportion of which is captured by the rumen microorganisms for the 
synthesis of microbial protein. The remaining ammonia is absorbed from the rumen and is finally 
excreted, as nitrogen, in the urine. 

If a diet has a high nitrogen conversion efficiency (NCE), more microbial protein is produced and 
less nitrogen is excreted in the urine. Therefore, the ratio of intestinal flow of microbial protein 
nitrogen (MPN) to urinary nitrogen excretion (MPN:UN) will be higher. Conversely, if a diet has 
a poor nitrogen conversion efficiency, less microbial protein is produced and more nitrogen 
excreted is in the urine. The MPN:UN ratio will be lower. With the assumption that other factors 
(e.g. food intake, protein degradability) remain unchanged, it is expected that the MPN:UN ratio 
is positively correlated to ?ICE. 

Since estimates of microbial protein nitrogen based on purine derivative excretion have been 
shown to be in close agreement with direct measurements using microbial markers, one could 
replace the term MPN in the expression MPN:UN with purine derivative nitrogen (PDN). Thus, 
PDN:UN, i.e. purine derivative nitrogen as a proportion of total nitrogen in the urine, should also 
be correlated with NCE. This ratio is called the purine nitrogen index or PNI. 

Experimental data available from a number of previous studies with sheep were used to test this 
hypothesis and show the relationship of PNI to NCE. While PNI was calculated as explained 
above, NC'E was calculated as the intestinal flow of microbial nitrogen (glday) expressed as a 
proportion of rumen degradable nitrogen (RDN) intake. Pooled data from the experiments showed 
that PNI bas  positively correlated with NCE (Figdre 2). 

A practical application of the concept would be to set an empirical threshold for a specific group 
of animals, and diets with PNI values lower than this threshold are graded as unsatisfactory with 
respect to nitrogen utilization. For example, based on the above data a diet with PNI lower than 
0.08 for sheep (Figure 2) would seem unsatisfactory. Since PNI is used as a semi-quantitative 
parameter, its application would not be affected by the 20% variability that is common when spot 
salnples are used in the measurement of purine derivatives in the urine. Therefore, not 
withstanding the said limitations, one could use spot samples of urine to measure purine 
derivatives and thereby use the PNI as a means of formulating ruminant diets that are biologically 
more efficient and produce less nitrogen waste. The limitations of PNI are: i) the index does not 
offer any explanation as to the cause of poor efficiency, ii) it is not sensitive enough to detect 
small differences. Therefore, it could ideally be used in a 'grouping' system. However, because of 
~ t s  potential value, the concept of PNI should be further evaluated and developed in the future. 
This in fact is a major task of the on-going FAOIIAEA Coordinated Research Programme on 
"Nuclear based technologies for estimating microbial protein supply in ruminant livestock" 
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Nitrogen Con\lersion Efficie,ncy (NCF) 

Fig. 2. Pooled data from six experiments showing the relationship of PNI to NCE. 

Manipulation of the rumen ~rosystern 

Use of microbial and anti-microbialfeed additives 

Over 50 years ago, Hungate (1950) demonstrated for the first time that anaerobic bacteria in the 
rumen could be cultivated in an exclusively naerobic environment. This important finding opened 
up an entirely new area of rumen microbiology, whereby today we talk of the manipulation of the 
rumen ecosystem involving microbial biotechnologies such as the use of dietary ioropbores, 
antibiotics and microbial feed additives. 

Inclusion of dietary ionophores (e.g. monensin) and antibiotics have prover to be e.-,onomically 
beneficial in terms of improved feed efficiency. Ionophores change the fernentation 
stoichiometry and improve the protein flow from the rumen. However, their ac t io~ ,  w5ether it is 
due to antifungal rather than antibacterial effects or whether their benefits stem from their effects 
in the ru:nen or whether they are of post ruminal origin are still not v7ry clear (Wallace, 1994). 

Live microbial cultures as feed additives appear to have benefited ruminant wtrition in terms of 
live weight gain and milk production, by lncreasing feed intake rather than feed efficiency as in 
the case of ionophores. They most probably increase the count of anaerobic bacteria (cellulolytic) 
leading to increased fibre digestion. This latter property .nay lead to the development of additives 
suitable for different dietary circumstances. 
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Removal of ciliates by defaunation 

Studies of Coleman (1975) and of Weller and Pilgrim (1974) were the first to indicate that the 
presence of protozoa in the rumen could be detrimental to ruminant production. It was shown that 
protozoa consumed bacteria and the protozoa were preferentially retained in the rumen. 
Therefore, the presence of protozoa were seen to lower the net microbial efficiency in the rumen 
and in turn lower the availability of bacterial protein to the animal, reducing the protein:energy 
ratio in the nutrient's absorbed. Only about 30% of the protozoa prodilced in the rumen apr>ear to 
leave the rumen. 

There has been intensified research during the past decades on the effects of rumen manipulation, 
especially in relation to the removal of protozoa from the rumen (Nolan et al., 1988). After 
reviewing recent literature on the implications of protozoa and fungi in the protein nutrition of 
ruminants: Nolan (1988) reported that in general, the elimination of protozoa increases the rate of 
flow of microbial protein from the rumen, This is a consequence of an increase in the bacterial 
biomass and a greater flow of bacteria from the rumen. Rumen digestion of organic matter (OM) 
may also be higher with all-forage diets but lower with mixed foragelconcentrate diets because of 
the lower rumen digestibility of the fibrous portion of these diets. He concluded that irrespective 
of the digestibility of OM in the rumen, the overall effect of eliminating fauna is usually a higher 
efficiency of net microbia! synthesis and a higher flow of protein from the rumen, promoting a 
higher protein:energy ratio in the absorbed nutrients. This often leads to higher levels of animal 
production, when essential amino acids are the primary limiting nutrients. 

Reviewing production responses associated with the absence of ciliate protozoa from the rumen of 
cattle and sheep, Bird (1988) showed that in general defaunation resulted in significant increases 
in live weight gain in cattle and wool production in sheep, although results have not always beer' 
consistent. IHe concluded that the final outcome of defaunation is largely determifled by the 
dietary regime and the physiological status of the animal. Available literature on the effects of 
defaunation on rumen function as well as on production are mainly on cattle and sheep; little or 
no information is available on the effects of defaunation on the buffalo. 

Role of fungi 

Anaerobic rumen fungi were first discovered in the rumen of sheep in 1975 but their importance 
was not immediately recognized. The importance and their possible role in fibre digestion was 
later recognized, when large populations of fungi were observed to preferentially colonize fibrous 
plant materials in the rumen of cattle and buffaloes. The attachment, invasion, colonization and 
digestion of various plant materials by anaerobic rumen fungi have been well described by Ho et 
al. ( 1  988; 199 1 ; 1996). 

The nutritional requirements of rumen fungi have not been well defined. However, it is known 
that the diet of the host animal exerts a significant influence on the population densities of rumen 
fungi. Provided other nutritional requirements are satisfied, the higher the fibre content of the diet, 
the higher would be the rumen fungal population. During growth on plant tissues, rumen fungi 
release a significant quantity of lignin fi-om the tissues. With wheat straw for example, 16-20% of 
the lignin is lost within 4 days of incubation with rumen fungi. 

The attachment of rumen fungi on plant tissue results in a decrease in the tensile strength oC the 
tissues. This weakening will allow greater bacterial fermentation, especially with the aid of 
rumination. Removal of rumen ciliates by defaunation initially depletes the fungal population but 
eventually results in a stable and higher population density. A possible beneficial effect of rumen 
fungi in atidition to above could be the synthesis of choline that is required by the host animal. 
The outcome of the breakdown of fungal cells is not very clear; whether it is completely broken 
down in the rumen, attributing little nutrition to the animsll or whether at least part of it is 
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available in the abornasum as a source of post-rumen nutrients, especially nitrogen (25-30% on a 
DM basis) has not been well established. 

Studies conducted at UPM in Malaysia by Ho et al. (1988) have shown that anaerobic fungi 
produce a range of polysaccharide degrading enzymes such as cellulases, hemicellulases and 
xylanases, which break down plant structural materials. 
Gene manipulation 

Development of successful methods for inserting foreign or modified genes into ruminal 
microorganisms and ensuring their efficient expression will lead to genetically engineered rumjnal 
microorganisms for the future. If these genetically engineered microorganisms are to be used for 
nutritional purposes, three scientific objectives must be met. The first is to insert new gene 
material into ruminal species and ensure that it is expressed, the second is to select a gene product 
or products that will benefit the nutrition of the host animal and the third is to establish a means 
by which the new organisms can survive. Apart fiom these, there are ethical aspects and 
regulatory constraints which are complex and need carefui thought. 

Since the first report of the successful cloning of cellulases from Fibrobactor succinogenes into E. 
coli by Crosby et al. (1984), there have been many reports of genes being cloned from ruminal 
microorganisms into other expression systems (Wallace, 1994). Similarly, the expression of 
foreign DNA in ruminal microorganisms has been progressing rapidly since 1988. Much 
development remains to be done but prospects for achieving the objective of producing 
genetically engineered ruminal microorganisms are excellent. Details on these aspects are beyond 
the scope of this presentation and therefore will not be discussed. The situation that may prove 
more difficult to overcome could be the maintenance of the genetically modified strains in the 
mixed ruminal populations because factors governing the survival of new strains in vivo are not 
well understood. One could argue that if modified organisms were to benefit both themselves an$ 
the host, it would already have evolved. However, the successful introduction of the rumer; 
bacteria that degrades 3 hydroxy-4 (1H)-pyridone (DHP) into Australian ruminants (rumen 
microorganisms that enable ruminants to use Leucaena leucocephaia) should be a good example 
of what is achievable given the limitations. 

Conclusions 

A major reason why livestock production in general and buffalo production in particular, has not 
i.1creased significantly over the past decade, is the inability of such systems to respond quickly to 
i~crease in demand. The present trend in the increase in monogastric meat production is in line 
with the observed shift towards urbanization and the consumer oriented market. The lack of a 
guaranteed and remunerative market for the main commodity, lack of infrastructure, insufficient 
marketing facilities and open economic policies of many developing countries allowing the 
importation of value added products at low cost have affected the ruminant livestock sector and 
consequently limited their production to low and subsistence levels. 

The growth potential for extensive grazing and or forage production are limited in most 
developing countries. In response to increasing population pressure, good pasture land is being 
co~lverted to cro? land for cash crop production, leaving increasingly poor land for grazing and 
mixed farming operations. Therefore, industrial production of pig and poultry will increase 
relative to production from grazing land. 

The introduction of new innovations to smallholder farmers, even if they are 'appropriate', is one 
of the most difficult tasks of research and extension personnel. A technology that has been 
successful in one developing country may not necessarily succeed in another. Many smallholder 
farmers who rear livestock for supplementary income will be reluctant to change their traditional 
practices, especially when the new innovations call for extra time, money and labour. 'The 
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methods rnay be too demanding in relation to benefits produced. ldiost of them would see 
livestock production as 'a lull period exercise' which may bring in 'some extra income' with little 
effort. (ha: more likely application of the new technologies would perhaps be with large-scale 
operations where benefits are clearer and sufficientl;~ large to warrant the extra efforts. 

After a thorough examinalion of the type of support which has been given to buffalo research and 
development in Asia through international and bilateral funding agencies, Perera (1991) 
concluded that internationai support for burfalo resea~ch over the past two decades has resulted in 
substantial strengthening of nationa: institutes both materially and intellectually. The support 
?rovided led to infrastructure development, research activities and the promotion of information 
exchange. Howevcr, it was e-ident that the researc5 results had not contributed adequately 
towards improving production at the small farmer level in the villages. He suggested that lack of 
understanding of the problem, from the farmer's point of view for tackling problems involving 
actual fanning situations, because such projects are difficult to execute and may not provide 
publishable data and lack of contact of scientists working in universities and research institutions 
with extension and field services, were scme of the reasons for poor adoption of research results. 
I t  is my view that in addition to all these, existing sbbsist-nce farn-ing systems need to shift to 
commercialization if new technologies are to benefit the farming communities. 
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Abstract: With increasing demand for livestock products, future hopes of feeding the millions and 
safeguarding their food security will depend on the better utilisation of unconventional feed resources that 
do not compete with human food. This calls for not only better utilisation of already known unconventio.lal 
resources, but also for idsntification and introduction of new and lesser known plants capable of growing in 
poor soils, which can ?lay a vital role in control of soil erosion, bring economic benefits to farmers, create 
jobs and bridge the wide gap between supply and demand' for animal feeds. An important class of 
unconkentional feeds is bj-prodl.ict feedstuffs which are obtained during harvesting or processing of' a 
commodity in which humar food or fibre is derived, and the amount of by-product feedstuffs generally 
increase as human population increase and ec'onomies grow. The role of buffaloes and cattle must 
increasingly be a scavei~ging one to make use of by-products, residues and other unconventional feeds. in 
Asia, ruminants in general and buffaloes ir, particular are fed low quality roughage in variable proportions 
depending on the type of animal and season. These feeds are poor in protein, energy, minerals and vita mi^:^. 
Addition of foliage from tree spp. Leucaenu, Glyricidia, Calliandra, Acacia etc. in buffaloes diets car 
improve the utilization of low quality roughage mainly through the supply of protein to rumen microbes, 
but presence of tannins in these tree foliage prevent not only their optimal utilisation but also of roughage 
and by-products. Tannins are generally present in high amounts in tree foliage and agroindustrial by- 
products. The availability and usage of various unconventional feed resources, including new and lesse- 
known ones, the presence in them of deleterious factors and approaches to removelinactivate these factors 
have been dealt with in several reviews and will therefore not be presented here. The purpose of this paper 
is to highlight the potential of a novel approach using an in vitro rumen fermentation technique for 
evaluation of nutritional quality of conventional and unconventional feed resources, and to describe general 
approaches For improving the nutritional quality of tannin-rich unconventional feed resources such as agro- 
industrial and forestry by-products and tree and shrub foliage. The reason for choosing tannin-rich 
uncon\entiona[ feed resources is'that tannins are the most widely occurring anti-nutritional factors in plants. 

Keywords: Uncovention feeds, resources, evaluation, utilisation, tannins. 

Introduction 

In Asia, l i v e s t o ~ k  c s ~ z c i a l l y  buffaloes play an integral role in both the traditional small farming 
and intensive production systems. A major constraint to buffalo o r  cattle production in developing 
countries is the scarcity and fluctuating quantity and quality o f  the year-round feed supply. These 
countries experience serious shortages in animal feeds of the conventional type. The grain are 
required almost exclusively for human consumptiorl. By the year 2020, the world population is 
expected to  reach 8 billion and most of the population growth will occur in developing countries. 
'With increasing demand for livestock products as a result of rapid growth in the world economies 
and shrinking land area, future hopes o f  feeding the millions and safeguarding their food security 
will depend on the better utilisation o f  unconventional feed resources that d o  not compete with 
human food. In addition, a total o f  approximatelyl.2 billion hectares of land in the world are 
degraded barren or marginal and its proportion is increasing every year. This calls for not only 
better utilisation of already known unconventional resources, but also for identification and 
introduction of new and lesser known plants capable o f  growing in poor soils. This in turn can 
play a vital role in control of soil erosion, bring economic benefits to farmers, create more jobs 
and bridge the wide gap between supply and demand for animal feeds. Furthermore, 
divers~fication in traditional agriculture and conservation of biodiversity through the sustainable 
utilisa~ion of harvests can be expected. An important class of uncorventional feeds is by-product 
feedstuffs that are obtained during harvesting or processing of a commodity from which human 
food or fibre is derived. The  amount of by-product feedstlffs generally increases as 
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the human population increases and economies grow. The role of buffaloes and cattle must 
~ncreasingly be a scavenging one to make use of by-products, residues and other unconventional 
feeds. Buffaloes have an advantage over cattle in that buffaloes can better utilise poor quality 
roughage. In Asia, ruminants in general and buffaloes in particular are fed low quality roughage in 
variable proportions depending on the type of animal and season. These feeds are poor in protein, 
energy, minerals and vitamins. The addition of foliage from tree spp. such as Leucaena, 
Glyricidia Calliandra, Acacia etc. in buffaloes diets can improve the utilisation of low quality 
roughage mainly through the supply of protein to rumen microbes. But the presence of tannins in 
these tree foliage prevents not only their optimal utilisation but also roughage and by-products. 
Tannins are generally present in high amounts in tree foliage and agroindustrial by-~roducts 
(Makkar and Becker, 1996a; 1998). 

The availabi'lity and usage of various unconventional feed resources, including new and lesser 
known ones, the presence of deleterious factors, and approaches to removelinactivate these factors 
have been dealt with in several reviews (Liener, 1994; D'Mello, 1995a,b; Fadel, 1999; Makkar 
and Becker, 1999a). This information will therefore not be presented here. The purpose of this 
paper is to highlight (1) the potential of a novel approach using an in vitro rumen fermentation 
technique for evaluation of the nutritional quality of conventional and unconventional feed 
resources, and (2) to describe general approaches for improving the nutritional quality of tannin- 
rich unconventional feed resources, such as agro-industrial and forestry by-products, and tree and 
shrub foliage. The reason for choosing tannin-rich unconventional feed resources is that tannins 
are the most widely occurring antinutritional factors found in plants. 

Evaluation of Feed Resources 

Recent advances in ration balancing include manipulation of feed to increase the quantity and 
ciuality of protein and energy delivered to the small intestine. Selection of librous feeds based on 
high efficiency of microbial protein synthesis in the rumen along with high dry matter 
digestibility, and development of feeding strategies based on the high efficiency as well as hjgh 
microbial protein synthesis in the rumen will lead to higher supply of protein post-ruminally. This 
concept of' feed evaluation has an extra element of assessing the efficiency of microbial protein 
synthesis besides the dry matter digestibility. The limited supply of protein post-ruminally under 
most feeding systems in developing countries is an important limiting factor for increasing animal 
productivity. 

There are a number of methods used to determine net microbial protein synthesis in the rumen, 
based on the use of microbial markers. They require the use of post-ruminally cannulated animals 
to determine flow of digesta. The cannulation approach is tedious and has several limitations 
(Chen et al., 1990) to limit its applicability under most research conditions in developing 
countries. A simpler technique for determination of microbial protein supply to the intestine is 
based on the determination of total urinary purine derivatives (IAEA, 1997). This approach is 
being thoroughly investigated under a joint FAOIIAEA Co-ordinated Research Project (IAEA, 
1998). Although the method is based on the collection of urine for determination of purine 
derivatives (allantoin, uric acid, xanthine and hypoxanthine), the approach is being further 
simplified using spot urine samples. This technique does not require cannulated animals, but it 
involves feeding of diets under investigation to animals and therefore is not suitable for screening 
a large number of samples nr for developing feed supplementation strategies using various feed 
constituents. 

In vitro methods 

In vitro methods for laboratory estimations of degraded feeds are important for ruminant 
nutritionists. An efficient laboratory method should be reproducible and should correlate well 
with actually measured in vivo parameters. In vitro methods have the advantage not only of being 
less expensive and less time-consuming, but they allow one to inaintain experiments! conditions 
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more precisely than do in vivo trials. Three major biological digestion techniques are currently 
availal~le to determine the nutritive value of ruminant feeds: ( 1 )  digestion with rumen micro- 
organisms as in Tilley and Terry (1963) or gas method (Menke et al., 1979), ( 2 )  in situ incubation 
of san~ples in nylon bags in the rumen (Mehrez and Orskov, 1977) and (3) cell-free fungal 
cellulase (De Boever et al., 1986). These biological methods are more meaningful since micro- 
organisms and enzymes are more sensitive to factors influencing the rate and extent of digestion 
than are chemical methods (Van Soest, 1994). 

A simple in vitro approach is described below which is convenient, fast, and allows the handling 
of a large number of samples at a time. It is based on quantification of substrate degraded or 
microbial protein produced using internal or external markers, and of gas or short chain fatty acid 
(SCFA) production in an in vitro rumen fermentation system based on syringes (Menke et al., 
1979). This method does not require sophisticated equipment or the use of a large number of 
animals (one or preferably two fistulated animals are required) and helps selection of feeds or feed 
constituents based not only on the dry matter digestibility but also on the efficiency of microbial 
protein synthesis. 

In vitro gas production with concomitant microbial mass measurement 

Need for determination of microbial mass 

Lately, the surge of interest in the efficient utilisation of roughage diets has caused an increase in 
the use of gas methods, because of the possibility of estimating the extent and rate of gas 
production in one sample by time series measurements of the accumulating gas volume. In vilro 
gas tests are attractive for ruminant nutritionists since it is very easy to measure the volume of gas 
production with time, but the measurement of gas only implies the measurement of the 
nutritionally wasteful and environmentally hazardous products. In most studies, the rate and 
extent of gas production has been wrongly termed as rate and extent of substrate (feed) 
degradation. Current nutritional concepts aim at high microbial efficiency, which cannot be 
achieved by measurement of gas only. In vitro gas measurements reflect only SCFA production. 
The relationship between SCFA and microbial mass production is not constant and the 
explanation for this resides in the variation of biomass production per unit ATP generated. This 
can impose an inverse relationship between gas volume (or SCFA production) and microbial mass 
production particularly when both were related to a unit substrate truly degraded. This implies 
that selection of roughage by measuring only gas by in vitro gas methods might result in a 
selection against the maximum microbial mass yield. Bliimmel et al. (1997) have demonstrated 
how a combination of in vitro gas production measurements with a concomitant quantification of 
the truly degraded substrate provides important information about partitioning of fermentation 
products. The in vitro microbial mass production car1 be calculated as: Microbial mass = Substrate 
truly degraded - (gas volume x stoichiometrical factor). For roughage, the stoichiometrical factor 
was 2.2:. 

Partitioning factor 

The parameters in the above equation also allow the calculation of partitioning factor (PF). The 
PF is defined as the ratio of substrate truly degraded in vitro (mg) to gas volume (ml) produced by 
it. A feed with higher PF means that proportionally more of the degraded matter is incorporated I 
nto m~crobial mass, i.e., the efficiency of microbial protein synthesis is higher. Roughage with 
higher PF has been shown to have higher dry matter intake. Different in vitro PF values are also 
reflected by in vivo microk:al proteiq synthesis as estimated by purine derivatives (higher the PF, 
higher was the excretion of urinary purine derivatives; Bliimmel et al., 2000) and in methane 
production by ruminants (higher the PF, lower was the methane output; Bliimmel et al., 1999a). 
These results show that the PF calculated in vitro conveys meaningful information in tho whole 
animal situation for predicting dry matter intake, microbial mass production in the rumen, and 
methane emission by ruminants. 
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The procedures for determination of truly degraded substrate and calculation of the 
stoichiometrical factor; stoichiometrical relationship between SCFHS and gas volume; and 
relationship between SCFA production, ATP production and microbia; mass yield can be 
obtained from Blummel et al. (1997) and Getachew et a l  (1998a). it may be noted that these 
procedures and relationships are valid for substrates consisting predominantly of structural 
carbohydrates, and the findings might not extend to substrates such as those high in soluble 
carbohydrate, protein or fat. Rymer and Givens (1 999) have shown that, as observed by Bliimmel 
et al. (1997), good quality feeds (grass silage, wheat, maize, molasses sugarbeet feed and 
fishmeal) which produce a large amount of gas and SCFA yield small amounts of microbial mass 
per unit feed truly degraded. Further, Blummel et al. (1999b) confirmed very close association (as 
per Wolin, 1960) between SCFA and gas production in vitro for a wide range of feecis consisting 
of a large number of dairy compound feeds and their individual feed components varying largely 
i n  protein and fat contents. The close association between gas and SCFA prodcstion also 4o'ds 
good for tannin-rich browses in the presence or absence of PEG (Getachew, 1999). 

The stoichiometric balance allows calculaticn of CH4 and C 0 2  expected from the riiineq 
fermentation if the molar proportion and amount of SCFA are known. It seems therefore justified 
to suggest the selection of feeds or feed ingredients with high in vitro true degradability but low 
gas production per unit truly degraded substrate. 

Role of incubation time in PF determination 

Another study by Blummel et al. (1998a), in addition to once again describing the importance oT 
measuring microbial mass, has highlighted the importance of the fermentation time at which the 
microbial mass needs to be measured. In this study, substrate degradation and kinetics of in v i m  
partitioning of three hays, with similar in vivo digestibilities, into SCFA, microbial mass yield, 
and ammonia. Carbon dioxide and methane production was examined at 8, 12, 18 and 24 h of 
incubation in the gas method under both low and adequate nitrogen levels. Microbial synthesis 
was quantified gravimetrically (Blummel et al., 1997), by nitrogen balance (Getachew et a l ,  
2000a) and by purine analysis (Makkar and Becker, 1999b). SCFA and gas production were 
positively correlated (P < 0.0001) and cumulative at all times of incubation under both low and 
adequate nitrogen levels. On the other hand, microbial mass, microbial nitrogen and microbial 
purine yields declined after 12 h of incubation while ammonia production increased. Gas or 
SCFA production was always inversely (P < 0.05) related to microbial mass yield regardless of 
incubation time and medium (low or adequate nitrogen) when related to a unit of substrace 
degraded. At later incubation times, continuously more SCFA or gas and continuously less 
microbial mass were produced reflecting microbial lysis and probably increasing microbial energy 
spilling. All three hays differed ( P  < 0.05) consistently in how the degraded substrate was 
partitioned into SCFA and gas and into microbial mass in both low and adequate nitrogen 
medium. Purine analysis indicated substantial differences in microbial composition across 
treatments, which might be one explanation for these different microbial efficiencies (Blummel et 
al., 1998a). 

The efficiency of microbial growth uas  higher for 16 h incubation than 24 h for tannin-rich feeds 
when these were incubated in the presence or absence of PEG, a tannin-inactivating agent. 
Additional nitrogen in the medium also affected efficiency of microbial protein synthesis from 
tannin-tannins feeds both at 16 h and 24 h (Gatechew et al., 2000b). Approaches need to be 
developed for measuring the PF at the incubation time at which the lysis of microbes is mini-nal. 
Some possible simple approaches worth investigating so as to identify this incubation time are: (i) 
the time at which half of the maximum gas is produced, and (ii) the inflection point at which the 
rate of gas production is maximum (the rate ;ncreases up to an incubation time and thereafter 
decreases as the incubation progresses), both these parameters can be mathematically calculated 
from the gas profiles. The effect of nitrogen level of the mediutn on the PF and the significance zn 
vzvo of these PF also need to be investigated. 
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Digestion kinetics of neutral deter-gent-soluble fraction 

The gas measurement method has also been used to study digestion kinetics of the neutral 
detergent soluble fraction of forages, starch-rich feeds and other highly digestible carbohydrate 
components, which was obtained by subtracting the average gas production curve for the 
digestible neutral detergent fibre (NDF) from that of the unfractionated whole feed (Chen et ul., 
1999). The subtraction procedure might give some useful information for low-NDF fibre feeds, 
c.g., corn grain (Chen et al., 1999), but it is not suitable for forages rich in NDF (Bliimmel e l  ul., 
1398b). Blummel et al. (1 998b) examined the rate and extent of fermentation of whole roughage 
and extracted NDF, dry matter degradability of extracted NDF and the PF for whole roughage and 
the extracted NDF of 54 roughage. The 24-h degradabilities of extracted NDF were higher than 
NDF clegradabilities in whole roughage, and the PF values were lower for extracted NDF than for 
whole roughage (2.5 vs 3.1; i.e. lower efficiency of microbial protein synthesis for extracted 
NDF). Both the higher degradability and lower PF contributed to higher gas volumes obtained 
from extracted NDF compared with whole roughage. Supplementation of amino acids and sugars, 
which are essentially the solubles, may increase the efficiency of microbial synthesis from cell 
walls when incubated together (a situation similar to that in unfractionated forages) and the 
removal of solubles may result in lower microbial efficiencies. A considerable effect of cell 
solubles on partitioning of nutrients from the NDF causes doubts on the significance in vivo of the 
kinetic parameters calculated using the subtraction procedure (Bliimmel et ul., 1998b). 

Evaluation of silages and by-products rich in acids by the gas methods 

Caution is required in the evaluation of acid-containing silages and by-products using the gas 
methods. Some silages (Davies et ul., 1998) and by-products such as citrus pulp and distillery by- 
products can have a substantia! amount of acids. Since the gas methods (Rlummel et al., 1997; 
Getachew et ul., 1998a) are based on incukiation of the feed in a bicarbonate-based buffer, the acid 
present in the feed will release carbon dioxide from the buffer, which might be mistaken as 
fermentative gases, leading to erroneous results. This acid-base reaction is spontaneous an$ the 
gas released due to neutralisation of acids can be measured within 5 to 10 min of the start of the 
incubation. These measurements should be taken into account (subtracted from the gas production 
volumes) when measured at different times of fermentation before these gas values aie used for 
evaluation of such feeds. 

Protein degradability using the gas method 

A method, based on the gas method (Bliimmel et al., 1997) and that of Raab et ul. (1983), which 
measures gas production and ammonia in the medium has also been developed for measuring 
rumen degradability of nitrogen from low quality feeds (Getachew et al., 1998b). These will a;so 
be rlsf:ful in developing sound supplementation strategies and to increase the efficiency of 
utilisation of unconventional feed resources. 

The 24-h in vitro degradable nitrogen values observed from tannin-rich browse and herbaceous 
legumes were lower than .hose reported for low quality roughage (Getachew et al., 1998a; 
2000a). However due to their relatively high crude protein content, browses and herbaceous 
legumes could play a significant role in supplying rumen degradable nitrogen. In presence of' a 
tannin-inactivating agent, PEG, the in vitro degradable nitrogen values were higher. The 
difference between these values observed in presence and absence of PEG indicates the amount of 
protein protected by tannins from degradation in the rumen (Getachew et al., 2000b). Whether 
this amount of protein protected by tannins from microbial degradation is fully available to 
animals post-ruminally, requires further research. Raab et a/. (1983) reported a close relationship 
between in vivo and in vztro values when incubation was terminated after 17 11. When normal 
proteins feed was used about 80 % of the 24 h value was degraded in the first 8 h incubation 
whereas in protected ?rotein feed only 60% of the value measured after 24 n incubation were 
degraded (Raab et al., 1983). The appropriate incubation time for in vitro degradability studies in 
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the presence and absence of PEG for tannin-rich feeds -ay deoerd on the nature of protein and 
tannins, which should be identified. This approach as a means for q~antification of feed protein 
protected by tannins from degradation in the rumen needs to be validated in vivo. 

Measurement of feed proteins during fermentation using poly-acry~aminde gel electrophoresis 
coupled with the use of image analyser could be anotner attractive approacb for measuring the 
rumen depradability of nitrogen, and to study the influence of various natural plant products (e.g., 
tannins, saponins, alkaloids; Makkar et a/., 1998a,b) 

Evaluation of tannin-containing by-products and forage 

Need to determine microbial mass using internal or external markers 

The approach mentioned above for roughage for calculating microbial mass prodrxtion based on 
the determination of truly degraded substrate by the detergent systern of fibre analysis in the gas 
method was found to be meaningless for tannin-rich feeds. The PF calculated for tannin-rich feeds 
as mg truly degraded substrate needed to produce one ml gas ranged from 3 .  I to 16.1 (Getachew 
et al., 2000a) which is well above the theoretical range of PF (2.75 to 4.41) (Bliimmel et al., 
1997). 'The high PF could be due to: (a) solubilization of tannins from the feed, thus, making no 
contribution to gas or energy in the system but contributing to dry matter loss, (b) cell solubles 
contributing to dry matter loss but inhibition of gas production from cell solubles by tannins, or 
(c) a combination of (a) and (b). In addition, the appearance of tannin-protein complexes as 
artefacts i n  the true residue also makes the gravimetric approach (Bliimrnel et al., 1997) of 
quantiticat ion of microbial mass redundant (Makkar et al., 1997a). The presence of tannin-protein 
complexes in faecal salnples (the origin of proteins could be microbes, feed or endogenous 
secretion from the gastro-intestinal tract) from animals fed tannin-rich forage and their non- 
rcmoval by the detcrgcnt system of fibrc analysis (Van Soest et a/., 1991) leading to misleading 
values of libre also causes proble~r. in in vivo evaluation of tannin-rich feeds (Degen e f  ul., 1995; 
Makkar et al., 1995a). Therefore, caution is required in the interpretation of results obtained from 
in vivo or in vitro experiments on evaluation of tannin-containing feeds using the detergent system 
of fibre analysis. 

For in vitro evaluation of tannin-rich feeds, the microbial mass should be quantified using 
diaminopiinelic acid or purines as markers, or by ' 5 ~  incorporation into the microbes (Vakkar el 
ul., 1998a), and the PF for tannin-rich feeds can be described as microbial mass determined by 
these marl.rers per ml of gas produced (or per mmol SCFP. produced). The system developed for 
evaluation 01' tannin-containing feeds depends on incubation of the feed in presence and absence 
of polyethylene glycol (PEG M W  4000 or 6000 preferably of 6000; W.akkar et al., 1995b) and 
measurement of gas (or SCFA) arid microbial mass using the above mentioned markers. PEG has 
a high afiinity to bind to tannins. Addition of PEG results in the formation of PEG-tannin 
complexes, which inactivates tannins. The changes in gas (or SCFA) and microbial mass as a 
result of PEG addition represents 'in totality' the tannin effects (biological) as a function of rumen 
fermcntation parameters. This bioassay based on in vitro rumen fermentation system coupled with 
the use of' a tannin-complexing agent, polyethylene glycol (PEG) could be complementary to 
other tann~n assays (Hagerman el ul., 1997; Makkar, 1989, 2000) in evaluating nutritional quality 
of tanninifkrous feeds. 

Signzpcnnce oJ'holmtl tnnnins ant1 ~fpciency of micrubial protein synthesi~ 

'I'he above approach of incubating tannin-containing feeds in presence and absence of PEG also 
enables studies on the nutritional significance of both extractable and unextractable (bound) 
tannins. Addition of PEG in the incubation of tannin-rich NDF led to increase in the gas 
production, s~igges~ing that tannins released as a result of NDF degradation by rumen microbes 
are b~ologically active and have the potential to influence rumen fermentation (Makkar et a/. ,  
1997b). Similar results were obtained on incubation of tannin-rich browses made free of 
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extractable tannins by repeated use ~f 70 % acueous acetone. Another application of this method 
is to study the effect of tannins on paititionirg of nutrients to microbial protein and SCFAs or 
gases or to study the efficiency of rumen microbial protein synthesis. Using DAPA, purines and 
15- i\l approaches for measuring microbial mass it has been shown that in the presence of PEG 
although the degradability of substrate and microbial mass production were higher, the efficiency 
of microbial protein synthesis was lower. Similar results have also been obtained by anothe: 
approach based on the gas method in which the rate of ammonia uptake is taken as the efficiency 
of microbial protein synthesis (Makkar er al , 1998a). Conversely, efficiency of microbial protein 
synthesis is expected to be higher in presence of tannins. The net microbial mass production 
would depend on the balance between decreased degradable dry matter and higher microtial mass 
production per unit of dry matter digested in presence of tannins. 

The L ~ I  vitro gas method is more efficient than the in ,succo method in evaluating the effects of 
tannins or othcr anti-nutritive factors. In the in succo method these factors after getting released 
from the nylon bag are diluted in the rumen and therefore do not affect rumen fermentation 
appreciably. In addition, the in vitro gas method can better monitor nutrient-antinutrient and 
antinutrient-antinutrient interactions (Makkar et ul., 1995~) .  Several gas measuring techniques and 
in vitro gas methods are in use by several groups. Advantages and disadvantages of these methods 
are discussed by Gatechew et al. (1998a). The in vitro gas method based on syringes (Menke et 
of., 1979; BIiimmel et al., 1997) appears to be the most suitable for usc in developing countries. 

Enhancement of Feeding Value 

Various studies aimed at detanninification of tannin-rich feeds have been conducted. Two types of 
approaches werc developed, one for farmers and the other for small-scale industries. The 
capabilities of farmers and small-scale industries were kept in mind so that the approaches could 
bc easlly adopted by the end users. 

Farmer-based approaches 

The woods of oak and pine are generally used as fuel in rural areas of the Himalayan region in 
India and adjoining countries. A 10 % solution of ash (pH, 10.5 - 1 1) decreased tannin levels in 
mature oak leaves by up to 80 % (Makkar and Singh, 1992a). Magadi soda (sodium 
sesquicarbonatc, sodium carbonate and sodium bicarbonate), another unrefined material 
containing alkalies has also.been shown to reduce assayable tannins in sorghum by 40 - 50 O/o. 

Wood ash solutions have also been used traditionally for treatment of high-tannin containing 
sorghilm and millet for human consumption (for references see Makkar and Singh, 1992a). 'The 
use of' wood ash, a cheap source of alkali holds ~otential for detanninification of tannin-rich 
feedst1 iffs. 

Other major findings were: (i) a substantial reductioq in the tannin content, (72 - 89 %) on storage 
of fresh leaves, containing 55 % moisture and 4 % urea, for five days, and (ii) a reduction in 
tannin content of 46 - 60 % on storage of chopped leaves for 10 day (Makkar and Singh, 1993). 
The 'cl~opping of leaves and then storage' can find practical application for the farmers and can be 
adopted without any ~ r o b l e n  as it requires only a slight change in normal management practices. 
Instead of Feeding the leaves on the same day as they are lopped, they need only be chopped and 
stored for about five to ten days before feeding. The use of urea,calls for resources and some 
degree of zducation - the lack of which has hindered the adopti0.n of this approach. The higher 
extent of inactivation of tannix by chopping of leaves could be due to oxidation of tannins by 
phenol oxidases present in leaves, as chopping is expected to increase the availability of tannins to 
the enzyme. In addition, inactivation of tannins during storage is due to their polymerisation to 
higlier 'inert' polymers (Makkar and Singh, 199 1 a, 1993). Another factor responsible for enhanced 
effects observed on urea addition could be the higher pH caused (Makkar and Becker, 1996a) by 
evolution of ammonia from urea. Similarly, inactivation of tannins observed when using wood 
as3 is also mediated by high pHmediated oxidation of tanllins. 
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Approaches for small scale industries 

Drying ~inder different conditions (Makkar and Singh, 1991b) and steaming and autoclaving 
(Makkar and Singh, 1992b) were found to be not very effective for oak leaves. Extraction with 
organic sc~lvents (acetone, methanol, ethanol) and treatment with oxidising agents (potassium 
dichromate, potassium perrrlarlganate and aikaline hydrogen peroxide) were very effective and 
removedlinactivated up to 90 % of the tannins in oak leaves (Makkar and Singh, 1992c) and up to 
99 % in agro-industrial and forestry by-products (Makkar and Becker, 1996a). The use of 
oxidising agents holds promise for the large-scale detoxification of tai-nin-rich feedstuffs because 
of its low cost. These approaches are very simple, do not require complex equipment and are 
likely to be adopted by the feed indust~y in the future both in developing and developed countries. 
In addition, potassium permanganate is easily available in villages in developing countries 
(generally us,ed for cleaning water in wells), is non-corrosive and hence farmers can use this 
chemical at  home for detanninification of tannin-rich feedstuffs. The use of organic solvents for 
extraction of tannins has an advantage over oxidising agents as the tannins can be recovered for 
the tanning of leather or for other industrial applications. The oxidising agents convert tannins to 
quinone, which are not capable of forming tannin-protein complexes under normal physiological 
conditions. blowever, the use of organic solvents is expected to be more expensive, except if the 
value of tannins recovered is higher than the cost of organic solvents used in the treatment. 

The use of white-rot fungi (Sporofricum pulverulentum, Ceriporiopsis suhverrnispora and 
Cyathzls ~terroreus) known to degrade lignin decreased tannin content by about 60 % in 10 to 2C 
days of fermentation (Makkar et a/., 1994; Gamble et a/., 1996). This approach though presently 
in its infancy, may a k o  find a place in industry in the future. 

'The above technologies for detanninification of tree leaves on a small scale industrial level do not 
seem to be economically viable because large quantities of leaves are seldom available in one 
place (unlike agroindustrial by-products) and the cost of collecting them is high. There is a  lac^ of 
information on judicious lopping of tree leaves and strict control, especially in developing 
countries, on the extent of lopping. Even if the information were available, its application would 
seems to be difficult, particularly when interests of industries for detannifLing or making protein 
supplements from trees or shrubs are at stake. However, the detannification technologies presently 
available may well set the stage for utilisation of agro-forestry by-products including tree pods. 

Use of PEG by farmers and by the feed industry 

Addition of a tannin-complexing agent, PEG to tannin-rich diets is another attractive option to 
enhance feeding value of such diets. This approach can be used both by farmers as well as by the 
industry. Farmers can apply PEG directly to animals through water, by mixing in a small amount 
of concentrate, by spraying on tannin-rich feedstuffs or better as a part of nutrient blocks (see 
below). Industry can incorporate PEG in a pelleted diet composed of ingredients including tannin- 
rich by-product(s). Amongst various tannin-complexing agents investigated, PEG of molecular 
weight 6,000 was the most effective in binding to tannins at near neutral pH values (Makkar et al., 
199513). Incorporation of PEG has been shown to have beneficial effects in monogastrics and both 
beneficial and adverse effects in ruminants (Table 1). The incorporation of PEG had beneficial 
effects for feedstuffs such as Quercus calliprinos, Pistacia lentiscus, Ceratonia siliqua 
(Silanikove et al. ,  1994, 1 996, 1997), Zizyphus nummularia (Kumar and Vaithiyanathan, 1990), 
Hedysarurn coronarzum (Stienezen et al., 1996), Acacia aneura (Eady et al., 1990; Pritchard et 
al., 1992, Ben Salem et a/. , 1999), Lotus pendunculatus (Barry et al., 1986; McNabb et al., 1996) 
and Desmodium ovalifoliurn and Flamingia macrophylla (Barahona et al., 1997) which are rich in 
tannins (condensed tannin content: 5 - 10 %). Inactivation of tannins through PEG increased 
availability of nutrients and decreased microbial inhibition, which in turn increased degradabilty 
of nutrients leading to higher animal performance. On the other kand, for Lotus co:~niculatus, the 
condensed tannin content of which varied from 2 to 4 %, addition of PEG decreased wool growth, 
weight gain (Wang et a/., 1994a; 1996a) and milk yield (Wang et a/., 1996b). This was attributed 
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to substantially lower absorption of amino acids from the intestine resulting from increased 
digestion of proteins in the rumen (Waghorn et al., 1987). Addition of PEG to a diet containing 1 
% condensed tannins through L. corniculatus did not have any effect (Waghorn and Shelton, 
1997), suggesting that 1 % condensed tannin from L. corniculatus may be insufficient for 
protection of feed protein from degradation in the rumen. Lower performance of ruminants in 
presence of PEG could also be due to lower efficiency of microbial protein synthesis in the rumen 
(Makkar et a/ . ,  1998a; see above). Besides concentration of tannins, the nature of tannins is 
another factor that would also influence response of animals to PEG incorporation. A diet 
containing 1.8 % condensed tannins throagh L. pedunculatus caused signiticatit reduction in the 
levels of rumen ammonia and SCFAs and reduced nitrogen digestibility, whereas the same leve! 
of condensed tannins (1.8 %) from L. corniculatus had lesser effects (Waghorn and ~helton,  
1997). 'The effect of PEG also depends on the &el of proteins in the diet. Proteins mimic the 
effect of PEG - the higher the level of proteins, the lesser was the effect of PEG (Makkar and 
Becker, 1996b). It is evident from the literature that addition of PEG is advantageous when tannin 
content of the feed is high and is deleterious when tannin content is low (Table 1). There is some 
evidence that tannins in tropical plants are much more active (expressed as protein precipitation 
capacity per unit tannins) than temperate plants (Makkar and Becker, 1998), and therefore fbr 
tropical plants the addition of PEG might be beneficial even at low levels of condensed tannins. 
The characterisation of tannin-containing feeds in terms of parameter(s) representing the 
biological activity of tannins, such as protein precipitation capacity, will give a better insight into 
the role of tannins and in the development of approaches for their inactivation compared to 
measurement of only condensed tannins. 

PEG has been incorporated into the diets at a level from 3 to 120 g per day, with varying 
-esponses. Supplementing sheep and goats, fed Ceratonia siliqua leaves, with 25 g of PEGIday 
seems to be the optimal amount in terms of cost-benefit response under Israeli conditions 
(Silanikove et al., 1994). Although this technique is quite effective; success of its adoption will 
depend on the cost:benefit ratio. The effect of the manner of application of PEG (MW 6000) on 
some fermentation parameters at 24 h of incubation of tannin-rich feeds in the in vitro rumen 
fermentation system (mentioned above) has also been studied. PEG was applied as a single dose 
(51 mg) or in split manner (7 times, each time 7.3 mg at 0 h and then after every 2h interval) in 
incubations containing C'alliandru leaves (protein precipitation capacity: 0.45 mg BSA pptd./mg 
feed). The gas and SCFA production increased substantially on addition of PEG. Purine as a 
marker for microbial mass was similar for control and single application of PEG but with split 
application the microbial mass was higher. Efficiency of microbial protein production was also 
higher with split application of PEG (Getachew ef al., 1999). The implications of these results are 
that PEG when given to animals on tannin-rich diets, in the form of molasses-mineral block icks 
(a slow consumption of PEG), would lead to better animal performance than when administered 
through currently used approaches, based on a single dose in drinking water or in a small amount 
of concentrate feed. Ben Salem and Nefiaoui (1 999) have shown higher intake of Acacia leaves, 
higher nitrogen retention and greater urinary excretion of allantoin (a marker for microbial protein 
supply to the intestine) in sheep fed nutrient blocks containing PEG. But it would be interesting to 
compare these parameters when PEG is fed as a part of nutrient blocks and given as a single dose 
mixed in water or in a small amount of concentrate. Under the auspices of the IAEA, projects are 
now being planned for improving the utilisation of tanniniferous forages by feeding PEG- 
molasses-multinutrient blocks. The licking of these blocks will release PEG slowly, ~ h i c h  is 
5xpected to supply higher microbial protein post-ruminally as a result of better efficiency of 
microbial protein synthesis mediated probably via better synchronisation of ATP productioq and 
release of rwtrients. 

Addition of PBG to tannin-containing feeds increased in vitro gas and SCFA production, and in 
vitro degradation of nitrogen. Therefore, there appears to be a potential to improve the utilisation 
of tan~~in-containing feeds without altering the genetic pool of tannin-containing plants with the 
use of a tannin-binding agent such as PEG. Inclusion of energy sources with the aim of 
synchronising ritrogen degradability and availability of energy increased the efficiency of 
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microbial protein synthesis in the presence of PEG (Getachew et al., 2000a). A rapid degradation 
oT nitrogen not mcrfshed to the availability of energy could lead to high absorption of NH3N from 

the ;urnen in vivo. In in vivo, the NH3N not captured in the rumen is absorbed and converted into 

urea, and the synthesis of urea in the liver requires expenditure of energy; each mole of urea 
requir~ng four moles of ATP. The loss 3f nitrogen as urea in urine is energetically costly, IS a loss 
of a valuable nutrient and causes environmental pollution. 

Conclusions and Future Research 

Research and development efforts are required to establish a feed library for nutritive values in 
addition to the routine composition analysis of unconventional feedstuffs. For tannin-containing 
feedstuffs besides measuring tannin levels by chemical methods, there is a need to incorporate 
approach(s) measuring the biological activities of tannins. 

The in vitro rumen fermentation method, which concomitantly measures gas production and 
microbial mass production, has the potential to screen large number of feed resources. For 
example, it will have application in breeding programmes for development of varieties and 
cultivars of good nutritional value and in the development of supplementation strategies using 
locally available conventional and unconventional feed constituents to achieving maximuri~ 
microbial efficiency in the rumen. It will also be useful in screening and in the study of the role of 
nimen modulators for increasing efficiency of microbial protein synthesis and for decreasing 
emission of environmental polluting gas, methane from ruminants. This method also provides 
better insight into nutrient-antinutrient and antinutrient-antinutrient interactions. The screening of 
plant-tierived rumen modulators is gaining momentum due to their lower toxicity to animal and 
humans, and environmental friendliness, and as a result better consumer perception towards their 
use. 

Further studies are required on: ( i )  the development of simple approaches for identification of the 
incubation rime in the in vitro gas system, where PF (measure of the proportion of substrate 
fermented which leads to microbial mass production) is maximum, (ii) the effect o,'nitrogen in 
the incubation medium on the PF and (iii) the in vivo significance of the PF so obtained. The 
results of the limited experiments conducted so far have shown that simple models employing gas 
kinetic parameters and the PF are capable of predicting dry matter intake of roughage and 

- emission of methane by ruminants fed a diet. Experiments also need to be directed towards 
validating the results from the digestion kinetic parameters including the PF, which screen feeds 
for maximum efficiency of microbial protein synthesis. with in vivo results by taking urinary 
purine derivatives (the most simple method available at present) as the measure of microbial 
protein supply to the intestine. 'This exercise should be conducted over a wide range of feed 
constituents and diets, which will enable the above mentioned simple technique of measuring gas 
and microbial mass to be a routine and powerful tool for feed evaluation without the nee$ :or 
time-consuming, laborious and high-input demanding feeding studies. Lately, much emphasis has 
been given to the development of statistical or mathematical models that fit best to the gas 
production profiles and describe the gas evolution with high accuracy. Experiments must be 
designed to understand the biological significance of various statistical and functional parameters 
being calcillated using these models, and also to incorporate a measure of microbia; mass into 
these mathematical descriptions. 

Enhancement of the feeding value of tannin-rich feeds can be achieved by anaerobic storage in the 
presence or absence of urea; by the use of oxidising agents, white rot fungi or PEG in the slow 
release form; or by the addition of PEG and energy sources to forages rich in tannins or to tannin- 
rich byproducts low in energy with the aim of synchronising nitrogen degradability and 
availability of energy to increase the efficiency of microbial protein synthesis. PEG as a part of 
'nutrient blocks' besides better incorporating the nitrogen of feed into microbial mass will also 
ailow the livestock to self-regulate the intake of PEG, thereby decreasing cost of the treatment. 
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The  aim o f  future studies should be to  explore tl-e potential of these ap;roaches for a wide ral-ge 
of tannin-containing feeds, and then to  develop simple and economically viable detanninification 
approaches for  use by farmers for 'eed resources such a s  foliage from trees and shrubs and for 
byproduct\ available to the  farmers, and also for use by small scale industry for agroindustrial and 
forestry byproducts generally available in a large quantity a t  one place. These approaches will 
help t o  alleviate the problems posed by the disposal o f  vz:ious agroindustrial byproducts and the 
shortages o f  conventional feeds. 
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RESPONSE TO MULTI-NUTRIENT SUPBLEMENTATlON IN NIL1 RAVI 
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Abstract: A study was conducted to compare the response of Nili Ravi (N) buffaloes and Sahiwal (S) cattle 
managed under a semi-intensive management system, with daytime grazing in the dry zone of Sri Lanka to 
supplementation of multi-nutrients. Twelve lactating cows each of N and S, and ten weaned calves each of N 
and S were used. N cows were divided into two groups (n=6lgp) balanced by milk yield (5.5910.5 Vd), body 
weight (612.311.2 kg) and lactation length (78.65* 2.5 days). S cows also were divided into two groups 
(n: 6lgp) baianced by lactation milk yield (7.15 -i- 0.6 Ild), live weight (357.. 1k2.0 kg) and lactation length 
(5 1.8:k3.0 days). N and S calves were also divided into two groups each (n=5/gplspecies) balancnd by body 
weight (67.310.5 ':g for N and 5 1.81 0.7 kg for S) and age (103.4+2.0 days for N and 86.1+2.2 days for S). One 
group each of N and S cows were supplementarily fed with urea-molasses-mineral block (UMMB) containing 
urea, molasses, coconut poonac, rice bran, mineral mixture and cement at lo%, 40%, 20%, 12%, and 8% (wlw), 
respectively. The other two grouns of cows served as the controls. One group each of N and S calves were 
supplemented with urea-molasses-mineral mixture (UMMM) containing urea, molasses, coconut poonac, rice 
bran and mineral mixture at lo%, 40%, 25%, I?%, and 8% by weight, while the other ~ w o  groups of cajves 
served as controls. Other management practices including grazing during daytime, feeding of concentrate 
mixture I at 2.5 kglcowlday, and concentrate mixture 11 at 0.5 kglcalfiday. Measurements were obtained on 
individual daily intake of LIMMB, UMMM, milk yield and fortnightly body weight. Blood samples were 
obtained from each animal every three weeks to determine blood urea nitrogen (BUN) and beta hydroxybutyrdte 
(BHB). Representative samples of UMMB, UMMM, concentrate mixtures I and I1 were obtained periodically 
for proximate analysis. Daily ambient temperature (AT), relative humidity (RH) and rainfall (RF) were recorded. 
Data were subjected to analysis of variance. Mean daily temperature-humidity index varied between 7314 and 
82k1 diurnally. Both UMMB and UMMM were superior in nutrient content to concentrates I and 11. UMMB 
and UMMM intake by treatment cows and calves increased with time. The daily intake of UMMB by N cows 
(0.292+:0.05 kg) and UMMM by N calves (0.096+0.01 kg) were lower (p<0.05) than that of S cows (0.381+0.06 
kg) and S calves (0.165+0.02 kg). This is possibly due to greater recycling of plasma urea and susceptibility to 
heat stress in N compared to S and resulted in a significantly (p<0.05) lower intake of energy and nitrogen 
through UMMB and UMMM by N cows and calves. Circulating BHB in N and S cows increased non- 
significantly (p>0.05) upon supplementation, while that of N and S calves remained relatively stable. BUN 
increased (p<0.05) upon UMMB and UMMM supplementation in both species. Supplemented groups of N and 
S experienced greater (p<0.05) body weight gain and milk yield than respective controls. After the second week 
of the experiment, S cows experienced a greater rate of decline in milk yield compared to N cows reflecting a 
greater persistency in lactation in N cows. The results suggest that, while multi-nutrient supplementation is 
beneficial for both N and S, supplementary intakes of N were lower. Despite the lower intake and the greater 
maintenance requirement of N, the lactation and body weight responses were on par with those of S indicating 
the superior ability of N cows to utilize supplemented multi-n'utrients (UMMB) even under thermally stresshi 
semi-intensive management conditions in the dry zone of Sri Lanka. 

Keywords: Multi-nutrient supplementation, intake, body weight, milk yield, buffalo, cattle. 

Introduction 

The  improvement o f  the performance o f  buffalo and cattle, the two major dairy animals in Sri Lanka 
is an urgent need to  meet the ever increasing demand for dairy products. In this context, many 
programmes including genetic upgrading o f  indigenous stock, importation o f  exotic breeds and 
improv2ment or plane of nutrition through supplementary feeding, have been launched in the past few 
decr3es.  Attempts made to  improve the plane o f  nutrition o f  buffalo and cattle through techniques, 
such as  urea ammonia treatment or supplementation o f  straw have met with limited success, primarily 
due to Icw acceQtance o f  the technology by farmers, because o f  the complexity and  impracticability 
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of ;he techniques used. Still supplementary feeding remains as one of the promising altemat;*le ways 
of improving the nutritional status of buffalo and cattle under Sri Lankan conditions. One of the la+?st 
intfoductions to the field of supplementary feeding in Sri Lanka is the urea molasses mineral block 
(UMMB) or multi-nutrient block. This block which provides nitrogen, energy and minerals, is easy 
to prepare using simple techniques familiar to the farmers. It has a long shelf life, hence can be 
prepared h advance for use over a period of time. It can be transported conveniently, and also the 
intake by animals can be controlled without much difficulty. All these advantageous qualities have 
contributed to its increasing popularity among livestock farmers as a supplementary Geed. B lthough 
the limited number of studies conducted in Sri Lanka (Perera and Perera, 1996) investigated the 
feasibility and advantages of multi-nutrient supplementation, information is lacking on the comparative 
responses of cattle and buffalo to provision of the same multi-nutrient supplement, under semi- 
intensive management with daytime grazing in Sri Lanka. Hence this study was undertaken with the 
objective of comparing the responses exhibited by buffalo and cattle managed under semi-intensive 
conditions that allowed daytime grazing. The responses studied were feed intake, blood metzbolites 
which are nutritional status indicators, body weight and milk yield, to the supplementary feeding of 
multi-nutrient blocks or mixtures. 

Materials and Methods 

This study was conducted at the National Livestock Development Board (NLDB) farm located at 
Nikaweratiya in the Kun~negala District in the Dry Zone of Sri Lanka. Twelve Nili Ravi (N) lactating 
cows and twelve Sahiwal (S) cows in early lactation, and ten weaned Nili Ravi calves, and ten Sahiwal 
calves were used. Nili Ravi cows were divided into two groups (n=6/group) balanced by milk yield 
(5.59 k 0.7 Ild), body weight (612.3 1 1.2 kg) and lactation length (78.65+ 1.5 days). Sahiwal cows 
were also divided into two groups (n=6/group) balanced\by lactation milk yield (7.15 i 0.9 I/d), live 
weight (357.1 t2.0 kg) and lactation length (51.8i1.5 days). Calves of the two breeds were also 
divided into two groups each (n=5/group/species) balanced by body weight (67.3k0.5 kg for N and 
51.8+ 0.7 kg for S) and age (1 03.4k2.0 days for N and 86.1 k2.2 days for S). One group of Nili Ravi 
cows and one group of Sahiwal cows were fed urea-molasses mineral block (UMMB) as a supplerent, 
containing urea, molasses, coconut poonac, rice bran, mineral mixture and cement (wlw) at lo%, 40%, 
20%, 12%, 8% and lo%, respectively. The remaining groups of cows (one group per species) served 
as the control. Similarly, one group each of the calves of N and S was supplemented with urea 
molasses mineral mixture (UMMM) containing urea, molasses, coconut poonac, rice bran and mineral 
mixture in the respective proportions of lo%, 40%, 25%, 17%, and 8% by weight. "he other two 
groups of calves (one group each from N and S) served as the control for each species. With the 
exception of supplementary feeding, all the other management practices including free grazing during 
the day and provision of concentrate feed were maintained identical for all the groups of cows and 
calves. The concentrate mixture I, consisting of coconut poonac and rice braz in the proportion of 2:1, 
was fed at rate of 2.5 kglcowlday at milking (0400 and 1600 hours) and concentrate mixture 3 (broiler 
finisher feed) were provided to calves at the rate of 0.5 kglcalfldzy 

Data on hourly ambient temperature (AT), relative humidity (RH), and daily rainfall (FLF) were 
recorded using a hygro-thermograph (Cole-palmer model SL 8368-50), and a rain guage respectively, 
during the experimental period. The individual daily intake of UMMB and UMMM by treatment 
groups of cows and calves fortnightly, body weights and individual daily milk yield of cows were 
obtained. Beginning from day 0 (one day before co&mencement of supplementary feeding of UMMB 
and UMMM of the experiment, blood samples were drawn at three hours post feeding from all the 
animals, once every three weeks, to determine blood urea nitrogen (BUN) and beta hydroxy butyrate 
(BHB) concentrations. Representative samples of UMMB, UMMM, and the concentrate mixtures I 
and I1 were obtained periodically for proximate analysis. 

The dry matter (DM), crude fiber (CF), nitrogen and crude energy contents of the feeds were 
determined using the standard analytical procedures (AOAC, 1980). Blood urea nitrogen and BHB 
contents in the collected blood samples were determined using the standardized nutritional metabolite 
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kits of'the International Atomic Energy Agency (IAEA, 1993). The data concerning intake, body 
weight gain, mil!: yield and blood metabolites obtained from four groups of cows and four groups of 
calves were separately subjected to analysis of variance procedures (Snedecor and Cochran, 1979). 

Results 

Meteorological parameters 

The ambient temperature (AT) and relative humidity fluctuated diurnally from 22.7+ 1.5OC to 
32.9i 1 .  I "C and 52% and 75% respectively, during 90 days of the experimental period which extended 
from early December to mid-March. Rainfall during the months of December, January and Februay 
were 72.1 mm, 42.2 mm and 7.0 mm, respectively. Based on the prevailed temperature and llumidity 
conditions, the estimatec mean temperature humidity index (THI) during the experimental period 
(n=85 days) fluctuated between 73 i 5 and 83 i 1 diurnally. 

Proximate composition 

Table 1 presents the proximate composition of UMMB, UMMM and that of the farm concentrate 
mixtures I and I1 offered to the cows and calves. The UMMB and UMMM offered to treatment cows 
and calves were superior in crude protein content to that of the concentrate mixtures I and 11, which 
are normally offered in the farm as supplementary feed to all the cows and calves of the farm. 

Table I .  Proximate composition of supplementary feeds (as % DM) 

Item UMMB Concentrate I UMMM Concentrate I1 

Dry Matter % 82.33 i 1.2 83.80 + 3.0 79.60 + 2.2 87.17 -i- 2.3 
Crude Proteln 25.10 1.3* 14.10 + 0.8 28.16 i 1.1*  12.66 + 0.9 
Crude Fiber .3.00 + 3.5 15.1Ot 0.3 12.10 + 0.3 13.70 i 2.1 
Gross Energy 3.37 i 0 4 3.18 i 0.3 3.95 i 0.3 3.40 * 0.1 
(kcallg) 

* differ at p<0.05 to the value of the respective concentrate 

Intake 

The intake of UMMB and UMMM by the treatment groups of cows and calves of Nili Ravi buffalo 
and Sahiwal cattle are preserted in Table 2. The intake of UMMB and UMMM by the ;i-eatment 
groups of cows qnd calves increased with time (p<0.05) from a mean value of 0.1720.02 kg Idaylcow 
in the first month to 0.43i0.04 kg/day/cow in the last month for N cows. The respective values for S 
cows were 0.22+0.02 kgldaylcow and 0.50~0.03kg/day/cow. This resulted in an overall mean daily 
UMMB intake of 0.292+ 0.05 kg per N buffalo cow, which was significantly lower (p<0.05) than that 
of (0.381 k0.06 kglday) S cows. The overall mean daily intake of UMMM by the N calves (0.096k0.01 
kglcalflday) was also significantly (p<0.05) lower than that of S calves (0.165 t0.02 kg per calflday). 

3 n  100 kg body weight basis, the differences in daily intake of UMMB and UMMM by treatment 
grougs of N buffalo cows and calves compared to S cows and calves were more evident. This resulted 
in a significantly lower estimated gross energy and nitrogen intake by treatment groups of Nili Ravi 
buffalo cows and calves compared to that of treat-rlent graups of Sahiwal cows and calves (Table 2). 

Blood Parameters 

Mean values of pre and post supplementation concentrations of circulating BHB and BUN of the four 
groups of cows and four groups of calves are given in Table 3. 



Table 2. Mean daily intake of UMMB and UMMM by supplemented groups of cows and calves 

Parameter UMMB Cows UMMM Calves 

Nili Ravi Sahiwal Nili Ravi Sahiwal 
Mean Daily Intake 

(as fed) 
kg/ d 0.292 i 0.05 0.381 + 0.06* 0.096 + 0.01 C.165.+.0.01* 
gl I00 kg B Wid 47.9 + 2.3 106.5 1- 3.5* 142.5 i 2.5 247.1 i 4.5* 

As DM1 
gl 100 kg B W/d 39.3 + 2.1 87.3 + 3.2* 1 ' 3.4 + 2.2 196.7.+.3.7* 
Gross Energy Intake 
Kcali 100 kg B Wiid 132.1 + 0.2 290.2 + i .5* 447.3 + '1.2 776.9 + 10. I *  

Nitrogen Intake 
(gl 1 00 kg B Wld) 1.651 0.9 3.64+ 0.09* 4.92 0.1 8 . 8 4 ~  0.2* 

* Differ at p.,0.05 to the respect& value in the same row of the other group 

Beta hydroxybutyrate 

In the four groups of lactating cows, the pre-supplementation BHB values were not significantly 
different (0 .37 .~  0.03 mmolll). Upon supplementation, the BHB of supplemented group of N buffalo 
cows and S cows declined. while that of the control N and S cows remained unchanged. However, the 
decline in BHB values of UMMB supplemented groups was not significant due to the high degree of 
animal variation within treatment groups. Pre-supplementation BHB values of the two groups of S 
calves were not different from each other but were slightly greater than the pre-supplementation BHB 
values of two groups of N calves. The BtlB concentrations of the four groups of calves did not change 
significantly during the experimental period despite the treatme~ts. 

Blood Urea Nitrogen 

'The pre-supplementation BUN values of buffalo cows (3.57k0.1 1 mmolll) anC that of Sahiwal cows 
(2.98k0.13 mmol1L) were not significantly different between treatments. The BUN values of all four 
groups of cows increased during the treatment period. However, this increase over time was not 
significant for the two control groups, while both buffalo cows and Sahiwal cows supplemented with 
UMMB exhibited a significant increase of BUN values over the same period (Table 3). Mean pre- 
supplementation BUN values of the four groups of calves were not different (p>0.05). The BUN 
values of the two control groups of calves remained relatively stable throughout the experimental 
period, while the BUN values of UMMM supplemented buffalo calves and Sahiwal calves increased 
significantly (p<0.05) following s~ipplementation (Table 3). 

Body weight 

The Jy weight of the four groups of lactating cows changed over time (Table 4, p<0.05). During the 
experimental period, the buffalo cows supplemented with UMMB increased in body weight from 
61 2.5k 1.2 kg to 645.2t2.5 kg, while that of the control group increased to 632.1 t2.3 kg. This 
amounted to approximately a 350+ 25 g of mean daily weight gain by each cow in the supplemented 
group and a 238121 g mean daily gain in the control group. On initial body weight basis, the total gain 
during the experimental period by the two groups of buffalo cows were 5317 glkg and 32 t4  glkg, 
respectively. During the same period, both groups of Sahiwal cows also gained weight.  the^ 3MMB 
supplemented S group gained a total of 21 -2 kg as opposed to 8k0.7 kg body weight gain by the 
control S cows. In terms of daily weight gain, these values amounted to a gain of 261 +23 glday, 95.2 
t 9  glday, and 59.9 g/kg and 22.4 g/kg, respectively. Total body weight gain by the UMMB 
supplemented buffalo cows and Sahiwal cows were significantly greater (p<0.05) than that of the 
control but'falo cows and control Sahiwal cows. The buffalo cows experiecced a higher (p<0.05) gaig 
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than Sahiwal cows, while the daily gain also had the above explained relationship. Changes in body 
weight of the four groups of calves during the experimental period indicated that, the total gain was 
highest in UMMM supplemented Nili Ravi calves (27+3 kg) followed by UMMM supplemented 
Sahiwal calves (26k3 kg), control Sahiwal calves (22+3 kg) and control Nili Ravi calves (21 +3 kg). 
Daily weight gains also followed the same order and were not significantly different. 

Table 3. Response of blood parameters 

Parameter Pre -supplementation Post supplementation 

Nili Ravi Sahiwal Nili Ravi Sahiwal 

BHB (mmol /L) 
fl 

-0WS 

UMMB supplemented 0.39 i 0.02 0.34 -1- 0.02 
Control 0.36 i 0.1 1 0.33 s 0.11 
Calves 
UMMM supplemented 0.25 s 0.04 0.34 -1-0.04 
Control 0.27-10.06 0.32i0.06 

BUN (mmol IL) 
Cows 
UMMB supplemented 3.57-1-0.1 1 2.98t0.13 
Control 3.60i0.08 2.99i0.16 
0 ~ a l v e s  
UMMh supplemented 3.3 1 -1-0.09 2.81*0.13 
Control 3.29s0.12 2.78+0.12 

* niffer at pi0.05 to pre-supplementation value of the respective group. 

TaMe 4. Response of body weight of cows and calves 

Parameter Pre -supplementation Post -supplementation 

Nili Ravi Sahiwal Nili Ravi Sahiwal 

Cows 

Body weight (kg) 
UMMB supplemented 612.0 -1- 1.2 357.5 -1- 0.3 645.2 + 2.5 378.950.8 
Control 61 2.5 i 0.7 357.1 -1- 0.5 632.1 t2.3 365.2s0.6 

Total BW gain (kg) 
UMMB supplemented 
Control 

Calves 
Body weight (kg) 
UMMM supplemented 67.3 1.1 52.1 -1- 0.4 93.8 -1- 2.2 77.8-1- 0.7 
Control 67.4 -1- 0.2 5 1.7 i 0.5 88.2 -1 2.0 '13.5 -1- 0.6 

Total B W gain (kg) 
UMMM supplemefled 27.3-12.9 26.2i2.1 
Control 21.1-1-2.9 22.3k3.0 - 

Differ at p<0.05 to the respective value in the same row 

Milk yield 

The daily milk yields of all four groups of cows changed (p<0.05) during the experimental period 
(Figun: 1). In UMMB supplemented Nili Ravi buffalo cows, the daily mik  yield increased fi-om a pre- 
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supplementation value of 5.59k0.7 lldlcow to reach a peak daily yield of 6.5 k0.5 l/d/cow in the 8 th 
week of the experiment, but declined thereafter to reach 5.9k0.6 I/d/cow in the final week. The control 
group of hili Ravi cows zlso maintained daily milk yield up to the 9th week of experiment to reach 
5.9 l/d/cow and declined to yield 4.9 I/d/cow in the final week. The group of UMMB supplemented 
Sahiwal cows increased daily milk yield %om an initial value of 7.1 k0.9 I/d/cow to 7.4k0.7 I/d/cow 
in the second week of the experiment and declined gradually thereafter to yield 3.3-10.5 I/dlcow in the 
final week The control group of Sahiwal cows declined daily milk yield to 2.7k0.5 Vcowlday in the 
final week (Figure 1). 

Although the S cows had a I?igber daily milk yield at the beginning of the experiment, at the end of 
the experimental period, the daily milk yield reached a value lower thar that of buffalo. Both groups 
of N buffalo cows showed greater persistency in lactation compared to S cows (Figure I). 

-+-Nil1 Ravi 
UMMB 

+Nll l  Ravl 
Control 

+Sahlwal 
UMMB 

' ?-c, Control 

%&- -+NIII R a v ~  
x- -K Difference 

2 :  
I -* Sahiwal 

Difference 

I 2  3 4 . 5  6 7 8 9 1 0 t l 1 2 1 3  

Tlme (Weeks) 

Fig. 1 .  Milk yield responses to UMMR supplementation in rdili Ravi buffaloes and Sahiwal cattle 

Discussion 

Thermal ambient conditions prevailed during the experimental period varied between a THI of 73 and 
83. Znvironmental conditions with THI values between 72 and 78 exert mild stress, and 78 to 88 
whole stress (Wiersma, 1990). Studies conducted in Sri Lanka under mild ambient conditions thaqthe 
conditions that preva:led at Nikaweratiya during the experiment have indicated that environmental 
conditions become stressful for buffalo than for cattle between 1000 hours and 1600 hours. (Perera 
et al., 1993). Thus it can be speculated that the N buffaloes, especially the lactating cows may have 
been subjected to greater heat stress conpared to S cows during grazing periods. Heel stress impairs 
intake as a compensatory thennoregulatory mechanism. While this could be partly attributed to the 
lower (p<0.05) intake of UMMB and UMMM by N buffalo cows and calves compared to S cows and 
calves (Table 2), tke inherent nature of buffaloes to have lower dry matter intake per unit body weight 
than cattle (Pradhan, 1992) also would have been another cause. Due to lower intake of UMMB and 
UMMM by buffalo, the improvements brought in energy and protein intake through supplementary 
feeding of UMMB to N cows and UMMM to N calves were less than expected and lower than that 
of S cows and calves (Table 2). Comparable levels of UMMB daily intake by buffalo cows have been 
reported elsewhere (Kunju, 1986). Results on blood parameters indicate that circulating BHB in 
UMMB supplemented N cows and ic LJMMM supplemented N calves did not change significantly 
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in response to supplementation (Table 3).  Circulat;,lg BHB reflects the balance between fat catabolism 
and ketone body utilization, and hence serves as an indicator of the energy status in ruminants (Lee 
et a l ,  1978). BHB values decline in response to improvements in energy nutrition. The lack of a 
significant change in BI-IB in N cows and calves following supplementation suggest that 
supplementary feeding of UMMB to N cows and UMMM to N calves did not exert significant changes 
in energy status of these animals due to lower level of intake of UMMB and UMMM. The RHJ3 values 
ofthe PI buffalo and S cattle of this study are comparable to the values reported for cattle and buffalo 
in previous studies (Sahama et a1 , 1994) and are within the normal range indicative of adequate 
energy status in cattle (IAEA, 1993). 

-?'he ?re-supplementation BUN values were not different among different groups of calves and cows 
sugg~sting that the nutritional status of these animals before commencement of the experiment were 
comparable. The BUN values detected in this study were lower than those reported elsewhere for 
buffalo (Bertoni et al., 1997), but were within the normal range reported for cattle (IAEA, 1993). 
Blood urea nitrogen of UMMB supplemented N and S cows, and UMMM supplemented N and S 
calves increased following supplementation. Such increases in BUN upon urea supplementation have 
been reported (Sahama et al., 1994). Blood urea nitrogen indicates the balance between ruminally 
digestible protein and fermentable metabolizable energy in the rumen. Circulating BUN increases in 
response to feeding of poor quality dietary protein, inefficient protein utilization, carbohydrate 
deficiency and renal failure. The observed increase in BUN in both species of cows and calves in 
resyonse to supplementary feeding of UMMB and UMMM was possibly an indication of inefficient 
protein utilization or the presence of poor quality dietary protein, as there was neither any indication 
ol'any of the animals having renal failure, nor the possibility of these animals consuming excess 
protein. 

Body weight gain data indicates that a!l the animals were experiencing body weight gain during the 
experimental period and hence were in a positive balance. The UMMR supplemcnted cows aere 
superior in weight gain to control. The improvement of body weight of both lactating group of cows 
supplemented with UMMB over their control counterparts, indicate the beneficial effects exerted by 
UMMB on lactating buffalo and Sahiwal cows. Total body weight gains of the two treatment groups 
of calves over their respective control groups were not significantly different, but on the basis of pre- 
supplementation body weight, UMMM supplemented groups had superior gains than the respective 
control groups indicating beneficial effects of UMMM supplementation. Milk yield response in N and 
S cows also cc~nfirms beneficial effects of UMMB supplementation. The S cows had a greater daily 
milk yield than N cows at the commencement of the experiment but declined gradually, and after the 
sixth week of the experiment, the daily milk yield of S cows became lower than that of N buffalo 
(Figure 1 ). At the end of the experimental period, S cows had much lower (p<0.05) daily milk yield 
than N cows. This is despite the greater UMMB intake of S cows. The milk yield response of this 
experiment indicates that the persistency of lactation in buffalo cows was greater than that of Sahiwal 
COWS. 

Conclusion 

The results of this experiment indicate that multi-nutrient supplementation in the form of UMMB and 
UMMM to lactating cows and weaned ca'-ves of Nili Ravi buffalo and Sahiwal cattle exerted benef~ial 
effects on body w?ight gain and milk yield of both species. The intake of UMMB and UMMM 
res7ectz-ely, by Nili Ravi buffalo cows and calves were lower than that of Sahiwal cows and calves, 
possibly due to heat stress and the inherent nature of buffalo to have lower dry matter intake per unit 
body weight than cattle. The BHB and BUN values in two species reflect lower energy and nitrogen 
intake by buffalo cows. The observed increases in body weight gain and milk yield of Nili Ravi buffalo 
compared to Sahiwal cattle, suggest that the efficiency of utilization of additional nutrients for milk 
production and growth in Nili Ravi buffalo were superior or in par with those of Sahiwal cattle, even 
under thermally stressful environment conditions. 
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Abstract: The present study was planned to identify the different constraints that affect the buffalo milk 
production, farmers' response to innovations and new technology transfer and to devise recommendations 
and strategies to improve the situation. Three hundred and thirty two (322; respondents engaged in buffalo 
farming were interviewed and divided in two main classes, (i) landholding class (LHC) and (ii) animal 
holdings class (AHC). These classes were subdivided in landless, small, medium and large groups 
according to the land holdings and herd size. The collected data were used to identify the magnitude of 
different constraints affecting dairy production and farmers' response towards the nev! technologies and 
facilities introduced. 

Finance, disease, expensive inputs, fodder and marketing were more important for medium farmers. Milk 
marketing was hitting 70% medium farmers. Fodder was major problem for lzndless farme;-s (41%), whilst 
minimum in large farmers (6%). Medium class ,.was the most conscious about the improvement 
in farm productivity and income. This class with limited land and number o f  animals wants to 
maintain social status in culture. This is why it has shown the maximum concern in identifying 
the constraints. Analysis of data of "AHC" revealed that fodder production (57%), land (55%) and credit 
facilities (68%) were the major problems in small herds holding class. In case of medium herd class; land, 
fodder, veterinary cover, credit facilities; and in large herd class fodder and veterinaiy cover were of the 
main concerns. ';'he structural composition of constraints revealed that land constraints were hitting the 55% 
small herd owners. The biggest constraints for large farmers were milk marketing and health cover. In spite 
of pfforts of different h!C3s  and public sector, still natural insemination (N.I.) is considered to be the best 
and adapted by more than $5% farmers of every group. Another <actor that plays an important role in 
practicing N.1 is its 24 hours availability and poor extension scrvices. Recommendations to overcome 
constraints are prese~ted.  

Keyword: Milk, production response, ;arm size 

Introduction 

Out of the 20.7 million heads of buffalo in Pakistan, Punjab supplies 73% of the total milk and 
71% comes from buffaloes. The buffalo herds (43%) maintained by small farmers comprised 
animals of six or less than six animals (Anon., 1998). There are 0.5 million landless farmers 
keeping dairy animals and contributing a significant (70%) share of the total milk production. 

The lack of proper health cover and disease control'facilities from the government sector, the poor 
level of education, low genetic potentizls of animals, uneconomical managemental practices, poor 
dairy replacement herd raising systems, use of low grade breeding bulls, poor artificial 
insemmation (AI) services, malnutrition of animals, limited seasonal and poor quality feed 
resources and their cnwis-: use, lack of new improved technology transfer and inefficient 
marketing systems are the main obstacles that animals owners have to face. Poor credit and 
marketing facilities, lack of necessary infrastructure, low labour productivity and managertal 
inefficiencies have a depressing effect on livestock income (Chaudhry er a l ,  1997). Price 
fluctuations inherent in livestock sector and lack of livestock based industries are the additional 
factors depressing the income from this sector. Different NGOs and public sector institutions were 
involved in the imwovement of the situation, but the output does not commensurate with the 
efforts made. Therefore, this study was planned to identrfy the different constraints that affect the 
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rnilk production, fanners' responses to innovations and technology transfer, and to dsvise 
recornmendations and strategies to improve the situation. 

Materials and Methods 

Three hundred and twenty two farmers, living in 147 villages in central Punjab maintaining ai 
least one dairy buffalo were interviewed using a pre-tested questionnaire. The households were 
randomly selected per village according to the procedure described by Poate and Daplyn :1993). 
The splected farmers were interviewed for 30 to 45 minutes based or, questions relating to milk 
product~on, constraints faced by them and their views about new technologies introduced and 
sugges~ions. The data collected from farmers were used to categorise them according to land and 
animal holdings and further divided into subclasses. The landholding class LFIC was subdivided 
to; (i) landless farmers (LL), (ii) farmers with less than 2 acres of land (small), (iii) from 2 to 12.5 
acres of land (medium) and (iv) those with more than 12.5 acres (large). The farmers were also 
categorised according to the number of dairy animal as "Animal Holding Class" (AHC). The 
subclasses were as i) 2 or less than 2 animals (small), :i) from 2 to 6 animals (medium), and iii) 
more than 6 animals (large). The collected data were used to identify the magnitude of different 
constraints affecting dairy production and farmers' response tolvzrds the new technologies and 
facilities introduced. 

Results and Discussio 

Constraints faced by land holding class (LHC) and animal holding class (AHC) 

The constraints expressed by respondents related to land, animals, labour, inputs, fodder, diseases 
control, niilk-marketing, farm building and financial resources are given in Table 1. The 
importance and significance of problems was different in different groups. For landless and small 
farmers the land was a major constraint. They want to have landlmore land to run their activities 
more efficiently. Finance, disease, expensive inputs, fodder and marketing were more important 
for medium farmers. In all groups finance, disease control and fodder constrains gained the 
substantial weightage. Medium class of farmers showed more concern abo!~t milk marketing. 

Table 1. Classification of different constraints 

LHC Percentage 
Landless 29 0 24 4 1 12 19 0 07 3 8 25 
Small 23 0 14 18 06 08 0 07 16 19 
Medium 42 100 43 3 5 5 5 45 70 43 43 38 
Large 06 0 19 06 27 2 8 3 0 43 04 '9 

AHC Percentage 
Small 5 5 67 3 3 5 7 3 '7 34 20 3 6 68 5 6 
Medium 31 3 3 5 7 27 3 9 3 6 40 36 25 3 1 
Large 14 0 10 1 € 24 30 40 2 8 07 13 

-he structurai composition of differe~~t constraints showed that problems of animal feeding 
ranked high among the landless and medium farmers, whilst it was minimum in large farmers. 
From Table 1, it is obvious that medium class ;s facing most of the problems 2nd impact of 
different constraints is substantial on this class. This class is the backbone of our agriculture 
economy and the most conscious aSoilt the improvement in farm productivity and income. This 
class is having limited land and limited number of animals and with meagre resources, wznts to 
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maintain social status in our culture. This is why it has shown the maximum concern in 
identifLing the constraints (Panty 1988; Apte, 1989). 

Analysis of data of AHC revealed that fodder production, land and credit facilities were the major 
problems in small animal holding class. In case of medium herds class; land, fodder, veterinary 
assistance, credit facilities; and in large herd class fodder and veterinary assistance. were the main 
concerns. The structural composition of constraints revealed that land constraints were high in 
55% small herd owners. The biggest constraints for large farmers were milk marketing and 
veterinary assistance. 

The preview of different constraints suggests that fodder production was the biggest constraints in 
all groups, especially in landless, small and medium farmers. The inefficient marketing system 
was also pointed out by many groups of farmers, particularly large herd owners. If they could 
have better incentives, they would definitely improve the milk production and manage their dai-y 
herd in a bstter way. The high cost inputs and poor returns have been criticized by many workers 
(Goswami and Rao, 1992; Deoghare and Bhattacharyya, 1994). There is need to launch credit 
facilities under a foolproof system. The "one window" credit facilities should be available to all 
classes of farmers, especially to small and medium farmers and it should be assured that credit is 
being dispensed to deserving candidate and utilized at the right place. It was noticed that if 
constraints pertaihing to finance, inputs and marketing could be removed, even farmers with poor 
education and training can increase their dairy production and net income (Goswami and Rao, 
1992). 

The single dairy animal was another limiting factor. After completing the lactation, farmers have 
to feed the animal till the next calving. This practice increases the cost of milk production and 
makes it discouraging and a loss to the dairy enterprise. Dairy activity should be started at least 
with two animals to cope the dry period. The best way is to start with 4-6 animals, to have an 
income around the year (Bhende and Venkataram, 1994). 

Response of farmers to new innovations and facilities 

The farmers in the study area receive free artificial insemination services, vaccination, mineral 
supplements, and animal treatment facilities. They also received concentrate feeds (cotton seed 
cake) and seeds of improved fodder varieties. 

The provision of A1 service, vaccination, disease control and treatment of sick animals was 
available at doorstep but Table 2 shows that in spite of such a good package farmers still preferred 
the natural mating. This trend is highly associated with their education and state of unawareness. 
In spite of all efforts made by different NGOs and public sector, still natural service is considered 
to be the best and adapted by more than 95% farmers of every groups. Another factor that plays 
an impopant role in practising natural insemination (NI) is its 24 hours availability. Whilst, in the 
case of A1 services, they have to take the animal to centre or contact the responsible person. It was 
observed that there was only one Al centre in the area. Most of the time farmers have to depute 
one person for this job or have to leave other activities. Sometimes they were intensively engaged 
in other agriculture activities that ware not able to spare someone for this purpose. The silent heat 
in buffalo was another problem. It was also observed that insemination was not done at proper 
time. Either it was too early or too !ate. Considering a!! these factors, the vast majority of 
farmers preferred the natural service without considering the genetic potential of the 
ball. As sire is half of the herd, this practice is causing the propagation of genetically 
inferior offspring in area. 

The use of vaccination and dewormers is also under question (Tables 3 and 4). The study showed 
that majority of the farmers were getting their animals vaccinated and dewormed. Only a small 
proportion (5-15%) of farmers were not getting facilities of vaccination or deworming (Tables 3 
and 4). Such a high % of vaccination and deworming seems surprising when we see their 
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response towards AI. It could also be possible that tney made this claim to show themselves as 
progressive farmers (Teufel, 1998). 

Table 2. Vaccination by farmers (%) in different groups 

Land holding class 
Landless Small Medium Large 

No vaccine 13 10 0 6 0 8 
H S 0 1 0 0 0 2 0 0 
HS and FVD 8 6 9 0 9 2 9 2 

Animal holding class 
No vaccine 1 1  0 7 0 5 
H S  0 1 0 2 0 0 
HS and FMC 8 8 9 1 9 5 

Table 3. Types of insemination (%) in different groups 

Land holding class 
Landless Small Medium Large 

A I 0 1 0 5 0 5 0 8 

N . I .  9 9 9 5 9 5 9 2 
Animal holding class 

A1 0 5 0 4 0 4 
N . I .  9 5 9 6 9 6 

Table 4. Deworming (%) by farmers in different groups 
-- - - - - 

Land holding elass -- - . 

-- - 
Landless - - small ~ e d i u m  --- Large 

No Dewor mlng ! I  2 4 2 6 3 5 
Local 0 6 0 7 0 7 0 2 
Commerc~al 5 3 6 9 7 0 6 1 
Local and 0 0 C 0 2 
commercial 

Animal holfirg dass 
No Deworming 3 5 2 4 3 5 
Local 0 7 0 2 0 5 
Commerc~al 5 8 7 4 6 0 
Local and 0 0 1 0 
commercial -- -- -- 

To provide free treatment Idara-e-Kisan (NGO) has appointed "Village Veterinary. Assistants" ' 

(VVA) in villages, but still a higher % of farmers was not satisfied with veterinary services. Either 
the staff is not quite competent for the services or nct available a; the required time. The 
malpractice and behaviour of responsible person could be another reason. 

The Government sector and NGOs both are trying to help :he farmers to improve their productiorr 
and enhance family, income but the output do not commensurate with the amount of investment 
and efforts made (Jena, 1988). They still are not able to eliminate a single factor "Dodhi" 
(middleman) who is competing alone with 3 Govt. departments' viz., extension, Agriculture 
Development Bank (ADBP) and veterinary. He is one of them and is the quickest means to get 
loan for farmers. He gives them loan without interest; in return he gets milk at cheaper rate. He 
supplies farmers provisions, participate in their social life events and helps in animals medication. 
He has got great influence on rural dairy industry. Most of the farmers have taken loans from 
"Dodhi" and are obliged to sell their milk to him at tow prices. However they are willing to join 
IK but are committed to Dohi. If loans were made avail~.ble against suitable security, without the 
involvement of much paper work arc' red-gpeism, it we-~ld be possible for them to purchase good 
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quality animals and inputs. This along with better extension services and giving farmers due 
"honour" would help to improve the situation. The financial assistance at right time with efficient 
marketing for their products is vital to run dairy system (Jena, 1988). 

Conclusions 

The following conclusion could be suggested from the data obtained from this study 

The landless and small farmers were substantially dependent on the revenue from the sale of 
milk and other animal products to meet the daily household expenditures. 
The large farmers with larger herds of animals had minimum motivation for improvement. 
They depend more on the crop sector. The large numbers of animal are mainly maintained as 
a matter of prestige and to fulfil home and labour requirements. No attention is given to the 
commercial 9xploitation of livestock herd. 
The feeding is quite poor. Concentrates are only fed during the first few months of lactation. 
Most of the feeding comprised roughage and grazing on riverlcanallroadlfield sides. 
The lactation length was slightly longer in landless farmers than land owning groups, but 
average lactation yield was almost similar. 
The animals owned by tbe landless farmers showed longer calving interval than those of the 
other classes of farmers. 
The feeding cost showed the highest % share in the total cost of production of milk and it 
affected ths lactation length as well as yield, leaving farmers with minimum profit and 
making it loosing enterprise. 
Constraint analysis showed that feed cost, veterinary services, milk marketing and credit 
facilities were on top ranking. 
The smal! to medium land owners or herd owners were more concerned about the 
improvement of their animals and to uplift their family income. 

The above-mentioned factors directly or indirectly affect the milk production in study area. To 
improve the situation and milk production, following recommendation one proposed to develop 
an effective approach: 

Recommendations 

The data expressed that medium farmers have the higher percentage in our land distributior 
table and need attention, because they are playing a vital role in agriculture and livestock 
production activities. Before preparing any package or reforms (lend or 1;vestock) their 
response should be given due weightage. 
The "one window" credit facility should be available to landless small and medium farmers 
for dairy enterprise, as is prevailing in India. The loan should be sanctioned for at least a unit 
of 5 buffaloeslcattle at minimum interest rate and smaller return instalments. 
To exclude the middleman "Dodhi" a better and efficient marketing system should be devised. 
Availability of easy credit facilities, excellent extension service and individual respect can 
give the favourable results. The village associations can play important role in this respect. 
The feed;ng system and fodder availability should be improved. The high quality seeds and 
multi-cut fodder varieties should be provided to farmers. 
Inexpensive balanced dairy rations s;lould be prepared on a commercial scale and introduced 
in the rural areas. 
To reduce the calving interval through shorter service period, attention to balanced feeding 
after calving should be given. The balance feeding will not only reduce the service period but 
also increase the lactation yield and economic return. 
The poor genetic make up is another problem associated with poor output in the area. The N.I. 
without considering the genetic qualities of bull is the single biggest reason for the increase in 
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poor quality animals in the area. If, A.I is not feasible or the farmers are facing problems, then 
genetically high quality bulls should be introduced into the area at breeding charges. 
It was observed that most of the problems were related to poor literacy rate and use of 
conventional practices. 'he focus on the education of farmers, especially school going 
children should be concen:rated. Because these children are futclre farmers, they play an 
important ;ole in looking after the animals; and by training them at a younger age (about 
animal keeping) the many livestock production problems can be minimised. 
The Women fa-mers (also called. absent farmers) can play a major role in improving the 
animal production. Traditionally to look after the dairy animal is also the responsibility of 
women and they spend a major part of their daytime in taking care of animals, such as 
feeding, washing to milking. Provision of proper production-oriented training can easily solve 
the many problems and help in enhancing the milk production and family income. 
The silent ;ieat irl buffalo is a major problem. The use of teaser buil and mating in the 
morning and wer ing  should be introduced in the area and farmers should be educated about 
the reproductive bebaviour of bilffalo. 
The extension services should be more practical, simple and well-planned; and based on 
farmers' pzrticipatory principles. 
Although some of the above mentioneci steljs ar- being taken in some areas but organizational 
and staff problems could be the reasons for Foor response to these innovations. 
Farmers should be stimulated to run the dairj) industry as commercial enterprise rather than an 
offshoot of agriculture. 
Farmers' day should be arranged to shere farmers' v i e i~~s ,  experiences and feelings; and lo 
introduce new technologies to them. 
The trained and educated farmers shou!d be given preference over other candidates in 
granting loans. It will produce an incentive to mor-: trained, educated and progressive farmers 
to beSmotivated and adopt new ideas. 
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Abstract: The major determinants of ruminant production systems are the agro-ecology, cropping pattern 
and land availability. The most prevalent system in Sri ~ a n k a  is the ary zone traditional production system 
or the "?uranax village system. The predominant genotypes are indigenous zebu and indigenous buffaloes 
017 communal grazing lands. The management inputs are very marginal excepi, the labour spent on moving 
with large herds, along the areas of communal grazing lands. The return from the operation is substantial 
and the primary income is from selling of animals and milk. The use of draught in paddy cultivation is not 
uniform due to the introduction of mechaniczl powe- in recent times. .This system, however is threatened 
with increased pressure on land due to expansion of settlement schemes. Therefore, both the quantity and 
quality of forage seem to limit the 'ul! realization of the genetic potential of even the commonly available 
indigenous stock. Therefore, main objective of this study wias to develop straw and fodder based 
supplementary feeding systems for buffaloes in Sri Lanka. 

Keywords: Feed supplementation, roughage based, rations. 

Introduction 

The major determinants of ruminant production systems are the agro-ecology, cropping pattern 
and land availability. The most prevalent system in Sri Lanka is the dry zone traditional 
production system or the "Durana" village system. The predominant gellotypes are indigenous 
zebu and indigenous buffaloes that are reared on communal grazing lands. The management 
inputs are very marginal except the cost of labour spent on moving with large herds, along the 
areas of communal grazing lands. The return from the operation is substavtial and the primary 
income is from the sale of animals and milk. The use of draught in paddy cultivation is not 
uniform due to the introduction of mechanical power in recent times. 

This system however is threatened with the increasing pressure on lands due to the expansion of 
human settlement schemes. Therefore, both the quantity and quality of forage seem to limit the 
full realization of the genetic potential of even the commonly available indigenous stock. 
Therelore, the main objecti-~e of this study was to develop straw and fodder bass6 supplementary 
feeding systems for buffaloes in Sri Lanka. 

Materials and Methods 

Fodder collection and identification 

Fodder, grasses, feeds and agro- industrial by-products consumed by buffaloes were collected 
from buffalo farms. These samples were identified using the morphological characteristics of the 
plants. 

Chemical composition of fodder and feeds 

Samples were brought to the laboratory and dried in an oven at 70' C till a constant weight was 
obtained. Dried samples were ground to passed through a 1 mm sie-re and used for chemical 
analysis such as  dry matter (DM), ash, crude protein (CP) (AOAC, 1980), ether extract (EE) 
(AOAC, 1980), crude fiber (CF) (AOAC, 1980), neutral detergent fibre (NDF) (Van Soest and 
Wine, 1967), acid detergent fibre (ADF) (Van Soest, 1963), lignin (LIG) ('Jan Soest and Wine, 
1358), in vitro dry matter digestibility (IVOMD) and in vitro organic matter digestibility 
(IVOMD) (Tilley and Terry, 1963). 



Ration formulation 

Rations were formulated for different groups of buffaloes (weight of buffaloes were 100, 150, 
200, 250. 300 and 350 kg whereas, weight gain of buffaloes were 0, 0.25 and 0.50 kg/day) for 
enprgy and digestible crude protein using the available feeds collected from the farmers. 

Results and Discussion 

Table 1 presents the grasses. shrubs and fodder consumed by buffaloes. According to Table 1, 
twenty two types of grasses, fodder, shrubs and agro-industrial by-products have been identified 
and most of these plants were consumed by the majority of buffaloes. 

Table 1. Grass and fodder varieties consumed by buffaloes 

Code No. Common name Botanical name 

Bana grass 
Banana leave 
Brachairia brizantha 
Rrachairia nutica 
Chssava leaf' 
Erythrina 
Glyricidia 
Green panic 
Guatamala 
Guinea-A 

, Hamil 
Ipil-lpil 
Jak leaf 
Jak seeds 
Natural grass, (paddy fields) 
Natural grass, (road side) 
NR2 1 
PGN 
Straw- untreated 
Straw- treated 
Guinea VRI  435 
Wild sunflower 

Pennisetum purpureum * Pennisetum americanum 
iidusa parudisiaca 
Brachuriu brizantha 
Brucharia murica 
Munihot esculentu 
Eryfhrina indica 
Glyricidia sepium 
Panicum maximum 
Tripsacurn lmxzrm 
Panicum mqitnum,eco type "A" 
Pu~icztm m&imum,eco type " Hurnil" 
Leucaena leucocephala 
Artocarpus heterophylus 
iirrocarpzr.~ heterophylus 

Pennisetum purpureum 
Penni.setum purpureum 
Oryza sativa 
Oryzir sativa 
Punicum maximum 
Thitoniu diversifolia 

Table 2 presents the chelnical composition of grasses and foader consumed by buffaloes. Crude 
protein contents of these feeds ranged from 4.3% (untreated straw ) to 28.8% (lpil-ipil) and crude 
protein contents of almost all grasses were lower (4.3 to 14.5%), that of legumes (19 to 26%) and 
other fodder (13.8 to 28.3%). Digestibility values ranged from 43.6% (Jak leaf) to 70.1% 
(Brachiaria muiica) whereas digestible crude protein content was lowest in untreated straw 
(5glkg) and highest in wild sunflower (227 glkg). 

Digestible crude protein contents of grasses (61 to 104 g/kg) were lower when compared with 
iegumes (1 35: to 2 1 5 glkg). Energy content of Banana leaves (4.3 mcallkg) was much higher when 
compared to all other feeds. Energy content of grasses ranged from 1.5 mcallkg to 2.8 mcallkg 
whereas tlte energy content of legumes were ranged from 1.8 to 3.6 mcall kg. However, the 
energy value of Jak seeds was very much higher (4.0 mcall kg) when compared to grasses and 
leg~lmes. 

Tables 3 - 8 presents the formulated rations for buffaloes weighing 150 kg and 250 kg. Rations 
formulatecl for buffaloes weighirg 100, 200, 300 and 350 kg are not given in this paper due to 
lack of space. However, 41 1 rations have been formulated for different weight groups of buffaloes 
using these 22 feeds. 
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According to Table 3, 18 feeds were used in formulating 21 feed mixtures for buffaloes weighing 
150 kg for maintenance. Out of the 18 feeds used in Table 3 ,  banana leaves, treated straw and 
untreated straw were used in most of the rations for buffaloes. These rations were sufficient for 
maintenance of  animals. In Table 4, 17 feeds were used in formulating 22 feed mixtures fbr 
buffaloes weighing 150 kg having a weight gain of 0.25 kg/ day. Feeds such as  untreated straw, 
straw, Bruchiaria brizantha, Brachiaria mutica and banana leaves are common in most of the 
mixtures and these feeds are freely avaiiable during the dry season in the areas where buffaloes 
are reared. 

Table 5 presents the feed mixtures for buffaloes weighing 150 kg, gaining 0.5 kg/day. Twenty 
three feed mixtures were formulated using 15 feeds. antreated straw, straw, pusa Giant Fapier 
(BGN), Brachiaria brizantha, Hamil, Bruchiuria mutzca, gliricid'a and banana leaves were 
included in most of the mixtures. 

According to these three Tables, it is evident that roughages and poor quality forages can be used 
as maintenance diets, whereas high quality forages ana lrgumes hzve to be used for production 
purposes (Table 3, 4 and 5). A simi!ar pattern has been observed wit;? the buffaloes weighing 250 
kg (Table 6 ,7  and 8).  

Table 9 presents the amount of feeds added to mixtures as a % on ary matter bask. According to 
these 'Tables, banana, untreated straw, straw, natural grass (roadside grass), Brachiaria brizantha, 
PGN, Hamil, gliricidia, Brachiaria mutica and Suinea "A" can be used in large quantities 
together with other fodder and shrubs to formulate buffalo rations. These rations can be used by 
farmers together with a mineral mixture to feed buffaloes fo- maintenance or body weight gain. 

Conclusion 

Formulated rations can be us-d by farmers for different groups of buffaloes together with a 
mineral supplement. 
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Tabie 9: Amount of feeds added to mixtures, on dry matter basis. 

Feeds Range ,% No. of Mixtures 

Treated straw 3 - 83 101 
Untreated strad ; - 75 165 
NB 21 12 - 59 3E 
Natural grass, road 1 - 47 53 
Br. brizantha 23 - 86 52 
PGN 20 - 82 3 7 
Nat. Crass, paddy 1 - 38 15 
Hamil 1 -  69 60 
VRI 435 2 - 46 23 
Bana 26 - 87 26 
Glyricidia 2 - 23 69 
Banana 1 - 65 : 70 
Cassava leaf 3 - 18 16 
Erythrina 1 - 22 33 
Ipil-ipil 3 - 23 26 
Wild sunflower 5 - 47 8 
Jak leaf 45 - 40 4 
Jak seed 2 - 84 10 
Br. Mutica 18 - 73 32 
Green panic 2 - 76 26 
Guinea "A" 2 - 51 30 
Guatan~al a 30 - 89 15 



DETOXIFICATION OF CASSAVA FOLIAGE AND ITS UTILIZATION AS A 
WATER BUFFALO FEED 

C.B. Salces, B.A. Hingpit, D.B. Roxas, E.M. Lustria, S.S. Capitan, 
I.M. Pabuayon and F.E. Merca 

Philippine Carabao Center, Ubay Stock Farm, Ubay, &ohol, Philippines 

Abstract: Studies were conducted at the Philippine Carabao Center, Ubay, Bohol to evaluate the biological 
and sconomic potentials of cassava foliage (CSF) detoxiilcation and utilization as a feed for water buffalo. 
Analysis showed that fresh CSF contains hydrocyanic acid (HCN) ranging from 86-186 pprn (fresh basis). 
-Niltitig or drying reduced (P<0.01) HCN content below the biological~y acceptable level of 80 pprn (dry 
basis) for low and medium HCN varieties, but not for high HCN variety which was reduced only by 
ensiling. Silage pH (3.5-4.5) a ~ d  pt-.ysical appearances indicated that cassava foliage is a good silage 
material. 

Buffaloes fed with different levels of ensiled cassava foliage showed that average daily gain (ADG) 
increased (P<O 01) from 0.74 kg in control (0% CSF) to 0.86 kg with 50% CSF in roughage. Feeding CSF 
at 75%) of roughage did not improve animal performance. Dry matter intake was highest at 25% CSF 
feeding with 2.35% of body weight. This reduced to 2.28% at 50% CSF and 2.14% at 75% CSF. Feed 
intake reduction at high CSF silage feeding could be attributed to increased HCN ingestion. Sulphur 
supple~nentation for HCN detoxification increased (Pi0.05) dry matter intake in animals fed 75% CS?. An 
ADG of 1 kg was attained, which could be attribcted to the increased sulphur content of the diet due to 
increased concentrate supplementation. Comparative income analysis of different cassava-based production 
systems showed that income increased from P15,360 for cassava without defoliation to P22,160 for cassava 
with defoliation and P36,775 for cassava with livestock integration. Therefore, income in cassava-based 
farming can be maximized by livestock integration. 

Keywords: Cassava foliage, cassava defoliation, cassava detoxification, ensiling, buflklo. 

Introduction 

Cassava, Manihot esculenta Crantz, is considered to be one of the most eff~cient crops in 
converting sunlight into dry matter. Known as a poor man's crop, it could be grown under 
margirial soil conditions and is usually planted in areas where other crops have low productivity. 
As of 1997, the area planted with cassava in the Philippines (226,500 hectares) ranked sixth - 
behind rice, coconut, corn, sugarcane and banana (BAS 1998). Central Visayas ranked fifth 
among the cassava producing regions with 20,393 hectare. planted. 

Cassava tuber has been traditionally used as a sobrce of carbohydrate in human food, animal feed 
and for industrial purposes. It has a long maturity period of about 10 to 12 months, which makes it 
less competitive in terms of productivity compared to short duration cereal grains. On the other 
hand, the long period of maturity allows t11e utilization of its foliage for other economic purposes. 
Cassava foliage (CSF) is one of the by-yro6ucts in cassava farming, the potential of which has not 
been fully exploited. A study by Salces et al. (1996) showed the potential of utilizing CSF in 
ruminant feeding. Defoliation of 50% of the foliage, five and seven months after planting gives a 
potential yield of five tons dry matter (DM) without affecting its tuber yield. 

However, the presence of toxic hydrocyanic acid (HCN) limits the use of CSF in animal feeding. 
The cyanide level in leaves could reach a maximum of 2466 pprn in some varieties and a .  
minimum of 189 pprn in other varieties. It has been reported that chopping followed by sun 
drying is one of the most effective methods of detoxification. McCarty et al. (1971) also reported 
'hat 5nsiling reduced the HCN content of sorghunl plants from 125.46 to almost zero ppm. 
Present evidence suggests that feeding cassava with 20-80 pprn HCN does not produce any ill 
effects in animals (Devendra, 1977;. 
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Objectives 

This study was conducted to determine the biological and economic potentials of utilizing cassava 
foliage for water buffalo feeding. Specifically, the study was aimed at attaining the following 
objectives: 

(a) to determine the detoxification methods that can reduce cassava foliage YCIV content to 
biologically acceptable level; 

(b) to determine the effect of different levels of cassava foliage feeding on liveweight 
performance of growing buffaloes; 

(c) to evaluate the effect of sulphur supplementation on liveweight performance of buffaloes 
fed high levels of CSF; and 

(d) to determine the profitability of cassava defoliation and livestock integration in cassava 
based farming. 

Materials and Methods 

Study I. Evaluation of different methods of HCN detoxification in CSF 

Experimental design and analysis 

Three selected cassava varieties representing low, medium and high HCN contents and which are 
popularly grown in Bohol were evaluated for HCN content and HCN detoxification. Standing 
cassava crops were defoliated four to five months after planting and the foliage was used for HCN 
analysis and detoxification e;>.periments. The effects of processing such as wilting, drying and 
ensiling on !3CN content were evaluated. In addition, the effects of carbohydrate sources, such as 
molasses and cassava meal as well as Napier grass, on silage quality and HCN content of cassava 
foliage based silage were evaluated. The experiment was laid out in a 3 I:_ 7 factorial experiments 
in randomized complete block design (RCBD) as follows: 

Factor A - Varieties Factor B - Processing methods 

A 1 - Lakan , low HCN 0 1 Fresh (control) 
A2 - VC 1, medium HCN B2 '~Wiltir~g 
A3 - Datu , high HCN B3 Ij,-ling 

B4 Ensiled CSF (LCSF) 
B5 Ensiled CSF + 25% grass (ECSFIG) 
'36 Ensiled CSF + 5% cassava meal (ECSFICSM) 
B7 Ensiled CSF + 5% molasses (5CSFIM) 

Hydrocyanic acid content and silage pH levels were statistically analyzed using Analysis of 
Variance (AFJOVA) of Statistical Analysis System (SF& 1985) following a 3 x 7 factorial 
randomized complete block design (RCBD) model. Data on hydrocyanic acid contents of fresh 
and processed cassava foliage were transformed using logarithmic transformation. 

Study 2. Performance of buffaloes fed with dif'ferent levels of ensiled CSF 

Experimental design and feeding 

Twenty-four (24) two to three year old island born male buffaloes weighing 175-300 kg were 
used in the experiment. Roughage and concentrates were given in the ratio of 75:25 percent of the 
dry matter (DM) offered. The roughage component was composed of ensiled cassava foliage and 
napier grass. Ensiled cassava foliage was incorporated at different levels in the roughage diet in 
the following ratio on DM basis: 
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'r l - 100% Napier (0% ECSF) 
T2 - 75% Napier + 25% ECSF 
T3 - 50% Napier + 50% ECSF 
T4 - 25% Napier + 75% ECS? 

Twenty-four feeding stalls were divided into six blocks with four stalls per block. Buffaloes were 
divided into six groups according to weight. Animals in each block were randomly allotted to four 
dietary treatments hllowing RCBD. Feeds were given at the rate of 2.5% of body weight (BW) 
with a 10% allowance to provide optimum dry matter intake for eleven wceks feeding. 

Duta c,ollection and analysis: Initial and final weights of the animals were determined from the 
average of three consecutive xveighings. Feed offered were weighed while feed refusals for each 
animcl were collect-d and weigl-ed daily. Samples of feeds offered and refused (100 grams) were 
collected daily and pooled weekly for nine weeks. Weekly samples were pooled and analyzed for 
dry matter (DM), crude protein (CP), calcium (Ca), phosphorus (P) and cell wall components: 
neutral detergent fibre, acid detergent fibre, hcmicellulose, cellulose, lignin and acid insoluble ash 
at DA-RFU 7 and Ubay Stock Farm Feed Laboratory using the procedures of Goering and Van 
Soest (1970). Calcium and phosphorus contents were analyzed by volumetric and colorimetric 
methods, respectively (AOAC, 1975). Data were analyzed following RCBD model using PROC 
C;I,M (SAS, 1985). Linear, quadratic or cubic effects of levels of ensiled CSF feeding were 
determined by orthogonal polynomials. 

Study 3. Effect of sulphur supplementation on dry matter intake and growth of buffaloes 
fed with high levels of ensiled cassava foliage 

Performance of animals fed 50% and 75% ensiled CSF with and without sulphur supplementatic. 
was evaluated in this ex~eriment. Sixteen out of 24 animals used in study 2 were selected and 
blocked according to weight. The animals were randomly allotted to 2 x 2 factorial experiment as 
follocvs: 

Factor A. ECSF level Factor B. Sulphur Supplementation 

A1 - 50%ECSF 
A2 - 75% ECSF 

B1 - Without Sulphur 
B2 - With sulphur (2 gm/kg/CSF) 

Sulphur in the form of MnS04 (feed grade with 95.64% purity) was incorporated in the 
concentrate feed at the rate of two grams sulphur per kilogram of CSF offered. Feediqg was done 
following the procedure used in Study 2 for six weeks. Data collected were liveweight change, 
feed intake, nutrient intake and feed efficiency. Data were analyzed following a model with two 
levels of CSF and two levels of sulphur with interaction in RCBD using PROC GLM (SAS, 
1985). 

Economic analysis 

The potential income from cassava defoliation, CSF feeding and livestock integration in cassava- 
based production system was determined. 

Results and Discussion 

Study 1. Evaluation of different methods of HCN detoxification in CSF 

Cassava foliage composition 

The component of cassava foliage dry mz-tter z_t 50% defoliation was determined using a 10-plant 
samples. Leaf ranged from 60-66 %, 12-1 5% stem and 20-28% petiole of the foliage dry matter. 
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Crude protein (CP) content analysis showed that leaves heve CP coqtents ranging from 22.8 - 

26.9%, while stem and petioles have 6.4 - 8.3%. Whole foliage has CP contents ranging from 16.6 
- 19.6%. Variability in CP content of cassava foliage was also reported in several publications. 
Scholz (1 972) cited by Devendra (1977) revealed that cassava foliage has 10 - 12% CP content. 
Montaldo (1977) reported that 18.2% crude protein was present in cassava foliage. The 
differences could be attributed to several factors such as parts of the plant analyzed, leaf to stem 
ratio, soil, fertilization and variety. Nevertheless, it has been observed that CP content is indeed 
high which shows the potential of cassava foliage either as the sole roughage or as a supplement 
in animal feeding. 

Hydrocyanic acid content of different foliage components was determined using a fresh foliage 
sample. Results showed that in all varieties, the leaf had generally higher HCN content (fresh 
basis) than the stem and petioles except for the VC1 variety. The HCN content in leaves ranged 
from 86 pprn (VCI) to 224 ppm (Datu). The HCN in stem ranged from 34 pprn (Lakan) to 145 
pprn (Datu), while petioles have 86 -1 29 ppm. The whole plant HCN content ranged from 86 pprn 
(VC 1 )  to 186 pprn (Datu), while Lakan had 92 pprn (Table 1). These results indicated that feeding 
fresh cassava foliage can cause possible toxicity due to high HCN levels in leaves and whole 
foliage, which are above the tolerable level of 80 pprn (Devendra, 1977). 

Table 1 .  Contents of foliage dry matter, CP and HCN in three cassava varieties at 50% defoliation'. 

Cassava variety 
Parameter La kan VCI Datu 

(UPL Ca 2) (CM 323-53) (UPL Ca 1) 
Foliage dry matter component, % 

Leaf 60 66 6 1 
Stem 12 14 15 
Petiole 2 8 20 24 

Crude 3rotein, % of DM 
Leaf 22.8 25.9 26.9 
Stem 7.6 7.3 6.4 
Petiole 7.34 7.6 8.3 
Whole foliage 16.6 19.6 19.4 

:-lCbl content, p p ~  c: fresh 
Leaf 1 02 8 6 22J 
Stem 3 4 86 145 
Petiole 26 86 129 
Whole f9;;age 92 86 186 

' Taken from 10 plant samples 

Effects of processing on HCN content 

Effects of wilting, drying and ensiling on HCN content of Lakan, VC1 and Datu varieties are 
shown in Figure 1. Results showed that processing reduced (P<0.01) HCN content in the three 
varieties. Wilting and drying reduced HCN content to biologically acceptable levels (below 80 
pprn DM basis) for Lakan and VCI varieties but not for Datu variety. Ensiling reduced HCN 
content lower than 80 pprn for all varieties including high HCN variety. 

The results of drying and ensiling agree with the ??dings of McCarty et al. (1971) and Wheeler 
and Mulcahy (1989), but disagree with th-e firdings of K&egile et al. (1988). In this experiment, 
ensiling proved to be the more effective method of HCN detoxification. Ensiling reduced HCN to 
an undetectable level for low HCN varieties and to a biologically acceptable level of below 80 
pprn for high HCN varieties, respectively. Pre-wilting of material for ensiling removed most of 
the free HCN because cyanide present as cyanohydrin is converted to gas above 2 8 ' ~ .  
Furthermore, ensiling removed intact or bound HCN because the ensiling process caused 
disintegration of the intact giycosides via marked cell disruption, drop in pH and intense heat 
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generztion. Drop in pH inactivates the linamarase enzyme responsible for HCN production 
(Cooke arid Maduagnu, E.N. 1985). 

800 
GJl Lakan VCl Datu 

Fresh Wilting Drying Ensiling 

Processing 

Fig. 1 Effect of processing on HCN content of cassava foliage (dry matter basis) 

The pH of ensiled cassava foliage ranged from 3.5 - 3.5. This and the physical characteristics of 
the different silages in terms of appearance and smell indicated that cassava foliage is good silage 
material (Table 2). 

Table 2. The pH conterlt of cassava foliage in three varieties after ensiling. 

Variety Ensiling method 
ECSF ECSFIG ECSFICM ECSFM MEAN 

Lakan 4.3 4.4 4.3 3.9 4.2a 
VC 1 
Datu 
Mean 4.1" 4.0a 3 .gab 3.7" 

Means in rows or column with the same superscript were not significantly different. 

In practice, cassava foliage is available only at a certain growth stage of the plant, i.e. at five 
months (Salces et al., 1996), 8 - 9 months after planting (Scholz, 1972) or within one month 
before harvest (Data et al., 1983) to make use of the remaining foliage. Therefore, drying or 
ensiling available forages will not only preserve excess feed resources for future use, but also 
cause the detoxificatior 0;" cyanide content. 

Study 2. Performance of buffaloes fed with different levels of ensiled CSF 

Performances of animals fed increasing levels of ensiled CSF are shown in Table 4. Results 
showed a quadratic trend in dry matter intake (P<0.05) and average daily gain (P<0.01), but did 
not effect feed efficiency. Average daily gain (ADG) increased as CSF inclusion increased up to 
53% CSF. Average daily gain increased from 0.74 kg (0% ECSF) to 0.79 kg (25% ECSF) and E 

maximum of 0.87 kg at 50% ensiled CSF. At 75% CSF feeding, ADG decreased to 0.72 kg. This 
result is contrary to the modeling study by Salces et al. (1997) in which an ADG of one kg was 
attained at 75% CSF feeding. One of the major limiting factors with high CSF feeding was the 
reduction in dry matter intake from a maximum of 2.36% BW (25% ECSF) to 2.14% RW (75% 
ECSF) which in turn resulted in lower total digestible nutrients (TDN) and P intake. Daily CP 
intake (989 grams) and Ca intake (67 grams) at 75% CSF feeding was sufficient to support 
optimum .growth while TDN (3.47 kg) and P intake (22 grams) were deficient (Table 3). 
Therefore, it could be concluded that the energy and P levels limit CSF-based diet ir\ attaining 
optimum growth. This limitation was mainly due to a reduced intake at high CSF inclusion rate. 
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Table 3. Average daily dry matter and nutsient intakes in buffaloes fed different levels of CSF. 

Parameter ECSF level 
0% ECSF 25% ECSF 50% ECSF 75% ECSF 

Total digestible nutrients ( kg) 3.35 3.62 3.60 3.47 
Crude protein (gm) 634 808 923 989 
Calcium (gm) 29 45 57 6 7 
Phosphorus (gm) 33 3 1 26 22 

There ae re  no clear indicati0r.s of fac:ars causing intake reduction at high CSF level. Althoagh 
analysis 01' HCN content in silage showed undete~table levels, traces of HCN could be present in 
the silage moistcre, which is not detected by the sodium picrate assay. McCarthy et al. (1971) 
postulated that since HCN is highly soluble in water, some of the HCN may have been absorbed 
in the silage moisture, which was not detected during analysis. Traces of HCN pindetected during 
the analysis may have beec responsible for depressed intzlte at high CSF incltlsion rate. With high 
levels of HCN in the diet, sulphur has been utilized for HCN detoxification process, causing 
deficiency of sulphur or sulphur containing amino acid. Reduced feed intake is manifested if there 
is a sulphur deficiency (Stobbs and Wheeler, 1977). Animal performance is expected to decline if 
there is reduction in feed intake a?d utilization of sulphur containing amino acid for HCN 
detoxification. 

Table 4. Performance of buffaloes fed different levels of CSF silage for 9 weeks. 

,- 
Parameter ECSF level 

0% 25% 50% 75% 
ECSF ECSF ECSF ECSF 

?.lo. of animals 
Age in monthsn" 
Initial weight (kg)"' 
Average daily dry matter intake (kg)"" 
Average daily dry matter intake (% BW)" 
Final weight (kg) 
Average daily gain (kglb 
Feed efficiency"" 

"Significant quadratic effect. [><0.05; 
Significani quadratic efkct ,  (P<0.01) 

""0 significant differences, ("0.05) 

Study 3. Effect of sulphur supplementation on dry matter intake and growth of buffaloes 
fed high levels of ensiled cassava foliage 

Performance of buffaloes fed high levels of ensiled CSF with and without sulphur 
supplementation showed the relative performance through S F  level and sulphur interaction 
(P<0.05) in dry matter intake. Sulphur supplementation at 75% CSF feeding increased feed intake 
from 2.15'/0 BW to 2.22% BW but reduced at 50% CSF feeding from 2.19% BW to 2.10% BW. 
However, sulphur supplementation did not significantly affect liveweight performance and feed 
efficiency of animals. At 50% and 75% CSF feeding, average daily gains were 0.90 - 0.94 kg and 
I .O1  - 1.02 kg, respectively. Feed required per kg liveweight gain ranged from 6.41 to 7.30' kg 
(Table 5). 

The increase in dry matter intake with sulphur supplementation at 75% CSF feeding indicates that 
sulphur aided in the HCN detoxificatioq Frocess, as source for thiocyanate formation and 
subsequent excretion. However, the process did not increase the liveweight gair. of animals. 
Liveweight gain of o ~ l e  kilogram per day was akeady attained and could be the optimum 
performance. In the metabolism model by Salces et al. (1997), it was projected that an ADG of 
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Table  5.  Performance of  buffaloes fed CSF silage with and without sulphur supplementation 

n a r a m e t e r  50% E C S F  75% E C S F  
n o  S u l p h u r  with S u l p h u r  n o  S u l p h u r  with S u l p h u r  

Number of  animals 4 4 4 4 
initial weight (kg) 29 1 292 290 294 
Average daily dry matter intake 

(kg)"' 6.57 6.34 0.47 6.22 
Average daily dry matter intake 

as % of i3W* 2.19 2.10 2.15 2.22 
Final weight (kg)"" 322 325 327 330 
Average daily gain (kg)"' 0.9G 0.94 1.01 i .02 
Feed efficiency"" 7.30 6.74 6.4 1 6.67 

*significant CSF level x sulfur interaction, (P<0.01) 
" No significant diferences, (P>O.Oj) 

T a b l e  6. Comparative income analysis for one hectare cassava product;on with and wiihout defoliation. 

Economic p a r a m e t e r  Unit T u b e r  Defoliation* 

value'  product ion A B C 
I n c n ~ e ,  P f *  

(;ross income from tuber' ; . I0  27,500 27,500 27,500 27,500 
3 r o s s  lncome from C S ? ~  9.40 1,600 4,800 2,000 
Total income 27,500 29,100 32,300 35,500 

Cost, P 
Labour 

Land preparation (I 7 MAD) 160.00 2,720 2,720 2,720 2,720 
Planting (4 MD) 80.00 320 320 3 20 320 
Inter row cultivation (4 MAD) 160.00 640 640 640 640 
Fertilizer application (2 MD) 80.00 150 160 ! 60 160 
Tuber harvesting ( 1  6 M D )  30.00 1,280 1,280 1,280 1,260 
Defoliation (5 MD) 80.00 400 800 1200 

Planting materials (20,000 pcs) 0.10 2,000 2,000 2,G00 2,000 
Fertilizer (6 bags) 325.00 1,950 ;,950 1,950 1,950 
Interest on capital (%/year)4 24 1,270 1,870 1,870 1,870 
Land rental ,200.00 1,200 1,200 1,200 1,200 

Total Cost 
Net Income, P 
Percent change compared to tuber 

production only 
lncome sensitivity 
Max reduction in tuber yield 

-. 

*Cassava fol~age (CSF) harvesting regimes 
A - Defoliation within one month before tuber harvest with potential CSF yield of I ton Divl)ha or 4 tons fresh 

matter (present study) 
B - Defol~ation at gth months after planting (MAP) and durlng harvest with potentla1 C X  yield of 3 tons 3Miha or 

12 tons fresh (Scholz, 1972 as c~ted by Devendra, 1977) 
C - Defol~at~on at 51h MAP, 8Ih [dAP and at harvest w ~ t h  potentla1 y~eld of 5 tons DMiha or 20 tons fresh (Salces et 

al , 1996) 
**Peso - Dollar exchange rate (W0 00 = 1 US $) 
'Farm prlce 

Potentla1 yield of 25 tons tuberiha 
%ased on potential yield of defoliation system 
4~inancing by the processing plant 
MD - nlan day, MAD - man and animal day 
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one kg c n c ~ d  be attamed s;i 75% cassava foliage feeding together with 2 kg of concentrate 
supplementation. In the first feeding trial, the low ADG attained can be attributed to the low TDN 
intake, one of the limiting factors affecting animal performance. In this feeding trial wherein 
smaller animals were used (232 kg initial weight), concentrate supplement averaged only to 1.5 
kglheadlday. In the second feeding trial, the initial weight of the acimals averaged to 294 kg, 
resulting in higher actual concentrate volume of approximately 2 kg per head per day. The higher 
concentrate volume increased TDN and P intake. Similar level of supplementation was predicted 
in the model by Salces et ul. (1997) which could result in an ADG of 1 kg. Therefore, s~ lphur  
supplementation may not be needed when feeding high level of ensiled CSF, if energy and 
sulphur containing amino acid were sufficiently given :n the diet. 

Economic analysis 

Cassava production subsystenz 

The cost and return on a per hectare'basis of cassava production without defoliation and with 
different defoliation practices was analyzed (Table 6). The net income from cassava production 
without defoliation was P15,360 from one crop year, based on the potential tuber yield of 25 tons 
ger hectare and current farm price of Pl.lO/kg tuber. The income increased to P16,560/ha for 
defoliation at harvest (A), P19,360 for defoliation at 8"' MAP (B) and P22,160 for defo1;ation at 
5th MAP (C). 

Livestock production subsystem 

The cost and return structure on per kg liveweight basis for feed rations without CSI; jn~pler atrd 
concentrate only) and with increasing amounts of CSF (25%, 50% and 75%) were examined. At 
0% CSF, the net income over feed cost was P18.221kg which increased to ~20.41lkL for 25% 
CSF, P20.99lkg for 50% CSF and P22.19lkg for 75% CSF. These results correspond to 12.02%, 
15.20% and 22.28%, respectively, increases in net income over feed cost relative to a non-CSF 
feed mion. Considering the total cost, where it was assumed that feed cost comprissd 75% of 
total production costs, tLte net income over total proCuction cost amounted to P8.63, 1.55, 
P12.3 1 and PI 3.92 To; 3%, 25% 50% and 75% CSF, respectively (Table 7). 

Table 7. Income analysis of cassava foliage (CSF) utilization as buffalo feed. 

Economic parameter Value Napier:CSF Ratio* 
Per kg 1OO:O 75:25 5 0 : s  25:75 

Income, P Income per kg LWG. 47.00 47.00 47.00 47.00 47.00 
Costlkg feed Concentrate (25% of DMI) 7.00 1.75 1.75 1.75 1.75 

Roughage (75% of DMI) 
~ a ~ i e r '  1.36 1.02 0.77 0.5 1 0.26 
CSF' 2.C4 C.0C 0.38 0.77 !.15 

Total costikg mixed feed 2.'17 2.90 3.03 3.16 
Feed efficiency2 10.39 9.18 8.60 7.85 
Total feed costkg gain 28.78 26.59 26.02 2/1..81 
Income over feed cost 12.22 20.41 20.99 22.19 
Income over production cost3 6.63 11.55 12.31 13.92 

Income Increase in CSF Cost 40.80% 
Sensitivity Decrease in LWG 16.30% 
*Roughage is 75% of d1-y matter intakc (I>MI) 
' ~ a s e d  on 85% dry matter and 75% roughage of feed offered 
2r  .<g feed consumed per kg liveweight gain (LWG) based on the result of the feeding trial expressed at 85% dry matter 
3 C o ~ p u t e d  based on the assumption that feed cost is 75% of the total production cost 
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Cassavdivestock integrated production system 

Comparative incomes and costs for cassava with and without defoliation and cassaJa with 
livestock integration are shown in Figure 2. The net income increased from P15,360 in cassava 
without defoliation to P22,160 in cassava with defoliation ( 5  MAP) and P36,775 for cassava with 
livestock integration (Table 8). Therefore, income from cassava based farming is maximized by 
integrating livestock productio2. 

llll Gross lncome 

Tuber Production Tuber + CSF Tuber + CSF + 
Livestock 

~'roduction System 

Fig. 2. Comparative income from different production systems in cassava-based farming 

Table 8. Incope analysis of livestock integration in casssva production system. 

-parameter Income sources 
Cassava Livestock Total 

Inconle, P Cassava tubers (0.8ha) 22,090 75,230 22,000 
Gross sales 3f 4 90-day fattened animals' 37,60C 75,200 
Gross sales of 2 120-day fattened animals' 22,500 37,600 
-ram work animal (PI Solday for 1 50 days) 2,! 00 22,500 
lncrease value of worklbr~eding animal 2,400 
Total Income 22,000 137,700 159,700 

Cost Cassava production cost (0.8 ha) C,752 8,752 
Defoliation cost 1,635 1,605 
Napier maintenance rost (0.2 ha) 700 700 
Fattening stocks' 72,000 72,000 
Feeds 8,400 8,400 
Lancl rental 360 240 1,200 
Depreciation cost3 1,000 1,000 
Interest on capital in fattening operation4 5,628 5,628 
Opportunity cost of family labor5 2 1,000 2 1,000 
Opportunity cost of fixed capital6 2,640 2,640 
Total Cost 9,7 12 113,213 122,925 

Net Tricome 12,288 24,487 36,775 
' ~ t  P 47 per kg liveweight 
2~cquis i t ion cost of P 40 /kg liveweight 
3 ~ o s t  01-fattening house and silo at P 10,000 with 10 years life span 
4 ~ a s e d  on cooperative financing rate of 7% in 6 months 
' ~ t  P 37,501day for 260 days in fattener and P 75.00/day for 150 days from work animal 
612% of fixed capital cost (P10,OOO for work animal, P2,000 for napier pasture and P10,000 for building) 



Detox~ficalton of cassava foliage 

Conclusion and Recommendations 

Studies revealed biological and income potential of cassava defoliaticn, detoxification and 
feeding u p  to 75% in the roughage diet. Based on the results of the studies conducted, the 
following recommendations were made: 

Cassava foliage must be processed before feeding 
Fresh cassava foliage from sweet varieties like Golden Yellow, Lakan, etc. should be 
chopped and wilted for three to four hours before feeding 
Preservation and detoxification by drying is recommendecl for low and medium HCN 
varieties, while ensiling is required for high HCN varieties like Datu and varieties with 
unknown HCN levels, to detoxify HCN content; 
Further studies need to be undertaken, particularly on the long-term effect of fseding CSF 
to breeding animals, that stay longer in the farm or in dairy animals where nigb protein 
Yeed is needed. 
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Abstract: The National Agriculture Policy of  Malaysia supqorts the commercialisation of  ruminant 
production through integration with plantation crops as well as through feedlot operations. For this purpose, 
alternative fed resources need to be developed. 'l'his paper describes several by-products of  the oil palm 
industry, the potential availability and their utilisation in ruminant feeding. A number of processing 
techniques have been developed to enhance their utilization and improve their feeding ;.ialue. Studies have 
been conducted to determine the chemical composition of' the oil palm by-products and the levels of 
inclusion in ruminant rations. Economic formulations that have been tested on swamp buffaloes in feedlots 
gave average daily weight gains of  nearly 0 .6  kg/day and a feed efficiency of  9.0. Two year-old buffaloes 
raised on native grasses in oil palm plantations showed weight gains of 0.55 kblday as  compared to 0.36 
kglday with 3 year-old buffaloes raised in open pasture. L M M B  wher~  used as a feed supplement enhanced 
the utilisation o f  poor quality roughages. Rearing of  swamp buffaloes in oil palm plantations utilising by- 
products and crop residues, particularly of  the oil palm industry offers a tremendous potential for beef 
production in Malaysia. 

Keywords: Buffalo production, feed resources, croplstock integration, oil palm by-products, U M M R  

Introduction 

r- ~ 

i here has been an alarming decline in the buffalo population in Malaysia over the last three 
decades. 3etween 1988 and 1998, the percentage change in the population is - 3 1.1 %. Factors 
contril~uting to the decrease in population were the displacement of the buffalo with machinery 
for draught power in the paddy fields, low multiplication rate and labour shortage. The probleni 
was aggravated further by high slaughter rates and inefficient husbandry practices. Relocating the 
buffaloes to big farms where multiplication programs can be cond~lcted is one of the approaches 
to increase the population. l'he contribution of buffaloes in local beef production is secondary to 
cattle, both providing a self-sufficiency level of 16.5 %. 

Improvement in Buffalo Production System 

The hational Agriculture Policy (NAP) 1992 - 2010, emphases commercial production in all 
sectors of agriculture production. Sustainable agriculture production needs to ha/e  economy of 
scale, based on the efficient use of resources. It has to shift from the current small-holder based 
farming system to commercial operation, with the involvement of entrepreneurs and cornorate 
sectors. The NAP supports the ruminant production through integration with plantatior crops as 
wel las  through feedlot operations. Alternative and sustained feed resources are therefore needed 
for buffalo production. One such feed resource is in the oil palm industry wherc: adequate amounts 
of crop residues and by-products are available to meet the nutritional neeis of buffaloes in the 
country. 

Oil-palm and its By-products 

Oil palm, Elaeis guinensis, is an important crop of Malaysia. in 1937, the total area under oil 
palm was 2,819,3 16 ha, an increase of 3.4% over the previous ysar. The total production of crude 
palm oil (CPC), palm kernel and palm kernel oil in the same year was 9,088,728 tonnes, 
2,638,068 tonnes and 1 ,164,697 tonnes respectively. There are a number of by-products of the oil- 
palm and these include palm kernel cake (PKC), palm oil mill effluent (POME). palm press fibre 



Oil pal.3 by-products as,feed resources 

(PPF), oil palm trunk (OPT), oil palm fronds (OPF) and empty fruit bunches (EFB). These 
materials can be utilized as sources of roughage or energy for ruminants. The potential supply of 
feed ingredients derived from oil palm, both in the unprocessed ~ n d  processed forms, is 
substantial and would likely be able to support a reasonably large population of swamp buffaloes 
and other ruminants. Many of these by-products need further processing before they can be used 
effectively. A number of processing techniques have been developed to improve the feeding 
qualities of these by-products. They include alkali treatment, preservation as silage, steaming 
undcr high temperature and high pressure, pelletizing and enzymatic degradation. A research 
collaboration between MARDI and JICA was established for the development of livestock feeds 
from agro-industrial by-products of oil palm. 

Oil palm fronds (OPF) 

OPF is continuously available in the plantation since the pzltns are regularly pruned. The leaflets 
contain higher percentages of CP and EE than the petiole. Chipped 3 P F  of about 2 - 3 cm in size 
can be conserved as silage, which could last for several months when properly stored. The 
optimum level of OPF silage in fattening rations for swamp buffaloes and beef cattle was 30 to 40 
%. Daily gain of swamp buffaloes fed 30 % OPF silage was comparable to that fed 50 % sago 
meal (Shamsudin et al., 1993). Once dried and chipped OPF can be turned into ~e l l e t s  for ease of 
storing, packaging and transport. The keeping quality of pelletized OPF has improved with the 
use of processing techniques. 

Oil palm trunks (OPT) 

OPT is only available after oil palms are,felled for replanting a; an age of about 30 years. Chipped 
OPT (about 2 cm) can be turned into a medium quality feed for ruminants. The maximum level of 
inclusion for ruminant is 30%. Without any treatment, the DM digestibility of OPT is comparable 
to rice straw. Its digestibility can be increased from 23.6 to 36.4 % with steaming. With NaOH 
treatment, its value increases to 54 - 62% which is equivalent to that of tropical grasses (Abu 
Hassan, 1995). 

Palm press fibre (PPF) 

PPF is a fibrous by-product of crude oil extraction of the mesocarp. The ME value is low (Table 
1) and it has a lower digestibility (about 22.3 %), which limits its inclusion in ruminant diets to 20 
% only (Table 2). Buffalo farmers operating in the vicinity of oil palm mills could utilize PPF to 
reduce the cost of'feeding. It can be fed fresh, or ensiled in drums for longer storage. At higher 
level of inclusion, the use of PPF could result in bolus formatior. a,ld impairment o r  rumen 
activity. 

Empty fruit bunches (EFB) 

EFB are the materials that remain after the frufts have been strippcd off the fruit bunches, 
following the steaming process at the oil palm mill. The content of NDF and ADF in EFB were 
81.8 and 61.6 respectively. Attempts at utilizing these materials as animal feeds through 
irradiation and substrate culture have met with limited success. 

Palm kernel cake (PKC) 

In terms of commercial value, PKC is the most important oil palm by-product. It is obained from 
oil palm kernel after the oil has been extracted. Two methods of extraction process are being used 
i.e. by expeller pressed md solvent extraction. PKC contains high fibre with ADF of 3 1.7 %. The 
Su content is between 20 - 30 ppm. 
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Palm oil mill eMuent (POME) 

This is the residue left from the purification of the crude palm oil (CPO). POME is usually 
utilized as organic fertilizer in crop cultivation and to a small extent as a low quality feed for 
ruminants. Xetardation in rate of growth and skeletal mineralization had been observed when 
POME: was fed at 100 % level in dairy cattle. Supplementation with protein, energy and mineral is 
necessary. 

Table 1. Chemical composition of major by-products from palm oil mill. 

Parameters 
Dry matter (%) 
Crude protein (%) 
Crude fibre (%) 
Ether extract (%) 
Ash (%) 
N-free extract (%) 
Ca (96) 
P (%) 
TDN (%) 
E (M/kg) 

EFB 

3.70 
48.8 
3.20 

PPF 
86.2 
5.9 

48.6 
5.8 
3.3 

36.5 
0.32 
0.27 

29.8 
4.02 

PKC-S* 
90.5 
17.3 
13.6 
5.2 
4.0 

60.0 
0.25 
0.65 
73.2 
11.15 

PKC-E ** 
91.8 
l5.3 
15.0 
8.9 
5.3 

55.8 
C .2C 
0.52 

65.4 
9.80 

OPF 
36.4 
5.8 

44.8 
1.2 
6.6 

$3.3 
C.55 
0.09 

35.1 
4.90 

Note: *S-solvent extracted, * *  E-expeller pressed 

Table 2. Suggested levels of inclusion of oil palm by-products in ruminant rations 

OPT 
32.6 
2.0 

25.4 
0.6 
3.6 

54.5 
0.18 
0.05 
46.5 
6.76 

Parameters Buffalo -8++le SheepIGoats 

PKC 5 0 5 0 3 0 
PPF 20 15 15 
?OM E 50 5 0 30 
OPT ensiled 3 0 3 0 3 0 
OPF ensiled 30-40 30-4C 5 0 
OPF pellets 30 30 30 

Source: Wong and Wan Zahari (1992) 

The Use of Oil-palm By-products for Fattening Swamp Buffaloes in Feedlot 

Several ~onnu l~ t ions  have been accomplished for the fattening of buffalo calies usiqg oil-palm 
by-products, ?rocking high rate of growth with high quality carcass. (Mohd Sukri et al., 1987). 
A trial was cond2cted et MARDI to study the growth performance of swamp buffalo in feedlo:. I:: 
this study, two groups of buffalo bull calves about 10 months of age were fed with two types of 
complete rations. The diets were based on palm oil mill by-products, namely PPF, PKC and palm 
oil sludge (POS). Cassava chips was used as an energy source in ration 1 mainly to replace a 
portion of PXC and :o reduce cost. ?ation 2 was formulated totally from by-products or palm-oil 
mills (Table 3). The growth performance of the buffaloes was comparable in both rations with the 
LWG of about 0.59 kglday. Thus, cheap rations for fattening buffalo can be formulated wholly 
fiom palm oil-mill by-products without the need for supplementing additional source of ermsrgy. 
In another study, the substitution of PKC with a substantial amount of sago meal had reduced the 
feed cost and back fat thickness in swamp buffaIoes (Shamsudin et al., 1993). (Table 4). The 
ADG of ~ ~ 2 1 1 7 3  buffalo supplemerted with PYC was 0.66 kg / day as compared to 0.39 kgtday 
from those ;aised on open pasture (Table 5 )  (Mo5d Sukri et al., 1994). Meat fiom feedlot animals 
was more tender, normal in pH and lighter in colour than that from the grazing ruminants (Dahlan 
trt a l ,  1988). 
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Table 3. Growth performance of swamp buffaloes in feedlot. 

Growth ~erfformance - Ration 1' Ration 2" 
Initial body weight (kg) 171.8 173.1 
Final body weight (kg) 320.7 3 19.3 
Total body weight gain (kg) 148.9 146.2 
ADG (kglday) 0.59 0.58 
Feed intake (kgiday) 5.3 5.3 
Feed efficiency 9.0 9.1 

+ Content 20?0 PPF, 34.5 % PKC, 20 ?O POS, 20 YO cassava chips, 2.0 % urea and 3 5 % min-vitamin premix (Proximate analyses: 
14O%CP,  2 2 . j 0 h C F ,  9 4 % E E ,  1 1 . 1  % A s h , 0 . 2 % C a a n d O 3 % P ) .  

++ Content 25% PI'F, 50 5 % PKC, 30 % POS. 1.0 % urea and 3.5 % mu-vitamin premix. (Proximate analyses: 14.8 % CP, 22.1 % 
('F, 10 4 ')/O f-E, 12 3 % Ash. 0.2 % Ca and 0 4 % P) 

Integration o f  Buffaloes under Oil Palm 

The integration of livestock in oil palm plantations is in line with the current government's policy 
to increase food production and reduce food impor!. With proper management inputs, livestock 
integration in oil palm plantation not only generates substantial income, but aiso in many cases 
increases the oil palm yield. Other than local Kedan-Kelantan (KK) cal~le, swamp buffaloes are 
suitable to be reared under oil palm, because of its adaptability and resistaaice to diseases. The 
recommended stocking rate for swamp buffaloes per unit area of 4 ha with the palm age of 4 to 5 
years is 2 head; and for 6 years and above is 1 head. Grazing only native grasses in oil palm 
plantation. two year old buffaloes gained 0.55 kg per day as compared to 0.36 kg per day with 3 
year old buffaloes (Liang and Abdul Rahman, 1985). These results were comparable to those 
reported under intensive farm conditions. 

In areas where the gro~llld vegetation has been limiting in forage or has deteriorated due to 
drought, overgrazing or closed canopy (above 10 years after planting), the use of oil-palm by- 
products such as OPF and I'PF can be considered as source 0.: roughage. The current interest is 
centred on OPF. With the current low PKC price, animal supplementation programs can be a cost- 
effective means of improving animal performance. Although integration ir: plantation has been 
shown to be technically feasible and economically viable, the adoption rate of this technology is 
far from satisfactory. The success of swamp buffalo-oil palm mix& farming system is mainly 
dependent on the grazing management. 

Table 4. Growth Performance and carcass characteristics of buffaloes fed PKC and sago meal based ration 

Ration 1 Ration 2 Ration 3 , Ration 4 
Crowth performance 
Initial body weight (kg) 215.6 2 17.2 215.7 219.38 
Final body weight (kg) 324.8 34 1.8 347.7 363.75 
ADG (kg) 0.59 0.58 0.61 0.67 
Feed intake (kgiday) 5.30 5.41 5.39 5.20 
Feed efficiency 8.98 9.33 8.84 7.76 
Carcass characteristics 
Dressing percentage 52.34 54.06 55.48 57.3 1 
Back fat thickness (cm) 0.57 0.77 0.70 0.50 
L. dorsi area (cm) 60.37 46.96 47.55 46.15 
Fat (% carcass wt.) 1 1.57 12.99 12.87 12.48' 
Meat (%carcass wt.) 62.54 '57.28 56.89 59.61 
Meat:bone ratio 3.29 2.65 2.62 3.12 
Rows with different superscripts differ significantly P<0.05, n:5 
Ration I : PKC (98%), Sago ( 0 %), C a C q  (I%), salt (I%), Urea (0%) 
Ration 2: PKC (72%), Sago (25.0 %): CaC0; (I%), salt ()YO), Urea (1%) 
Ration 3: PKC (48%), Sago (42.5 %), CaC0; (I%), salt (I%), Urea (1.5 %) 
Ration 4: PKC (23%). Sago (73.0 %), CaCO; (I%), salt (I%), Urea (2%) 
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Table 5. Growth performance of swamp buffalo bull calves under semi-intensive and open pasture systerz 

Semi-intensive Open pasture 
Birth weight (kg 29.0 28.3 
Weight at 6 months (kg) 126 145 
Average total weight gain (kg) 9 7 117 
ADG - pre weaning (kg; (3.56 0.64 
Weight at 1 year 249 21 1 
Average total weight gain (':g) 11'9 82 
ADG - post weaning (kg) 0.66 0.39 

Urea-Molasses-Mineral Blocks (UMMB) 

UMMB is suitable to be used as supplement for buffaloes consuming low quality forages 5ke 
OPF and PPF, either in feedlots or in grai-ing situations. The use of UMMB will upgrade the 
assimilation of nutrient from poor quality :'orage ana roughage and at the same time provide a 
useful qon-protein nitrogen (NPN), energy, mineral supplements and control of gastrointestinal 
parasites. The advantages of using UMMB over commercial mineral blocks are evident especially 
in areas where major nutrients are limiting. Several iocal feedstuffs have been used as components 
in UMMB making. These include agricultural by-products from oil-palm industries. The 
methodo~ogy of block making and the effect on the performance of several ruminant species have 
been described (Wan Zahari et al., 1994; Oshibe and Wan Zahari, 1996). 

Adequate nutrition is useful for working buffaloes, particdarly in stressf~;  condition. Minerals are 
constantly excreted from the body th-ough the urine, faeces and slain when animals are at work. 
Hence they require a relatively constant supply of these minerals and this can be met by strategk 
nutrient supplementation. The use of UMMB for swamp buffaloes is justified especially when the 
animals are used for haulage in oil palm plantation. Only sodium chloride is supplemented by the 
farmers for buffaloes used for draught in the estates (Wan Zahari et a/., 1985). The stress of 
draught output, coupled with inadequate nutrition might cause some physiological imbalances that 
could result in certain metabolic upsets. One example is the occvl-ence of hysteria, coma and 
sudden death related to Mg deficiency (War. Zahari and Wong, 1990). The depression in both 
appetite and feed intake due to heat stress havs been reported. 

Coi~clusions and Recommendations 

Double cropping and mechanization of paddy growing has lead to a decline in local buffalo 
population. These animals, useful fo- beef 2nd draught power especially in oil palm plantation, 
have potential attributes that can be exploited to advantage. To achieve maximum return, the 
system should be based on producing dual-purpose animals, providing draught power while they 
are still growing and then slaughtering for meat when they have reached maturity. The general 
production should be along the same l i ~ e s  as that for cattle development programs currently in 
progress in the country. Rearing swamp bu;'faloes in oil palm plantations offers tremendous 
potential for beef production in view of the availability of by-products to be utilized as feeds. 
Evaluation of complete rations based on local feedstuffs for buffalo production is urgently needed 
especially if this animal is to be raised for beef production. Besides emphasizing on the 
integration of buffaloes under plantation crops, exploitation of crop residues and agricultural 
waste should be optimized, particularly those from oil palm industry. T i e  use of UMMB as 
supplement is practical for swamp buffaloes utilizing low quality forages and those used for 
3aulage in the plantation environments. 
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Nutrition 

&iscussion 

. A.N.F. Perera - Microbial protein is very important for production in animals. However, 
is the microbial protein enough for high producing animals? 

A. M.C.N. Jayasuriya - Yes. But still we do not know exactly how much microbial r~roteix is 
produced in the lumen. The use of P 3  techniques will help to assess tbis contribution. 

Q. A. Horadagoda - What is the cost OFPEG and is its use cost effective? 

A. H. Makkar - Some studies carried out in Zimbabwe used 5 glday, which would cost 
around US$ 1 .  The fact that farmers kept coming back for PEG shows that is was cost effective. 
A study done in Israel showed an increase in growth in sheep. It was found that 1 g of PEG was 
adequate for sheep, but 2-3 g was required for cattle. The PEG recommended is a slow release 
product. Here too the use of PEG was cost effective. 

Q. A. &I Barrio - What is the minimum level of tannin in the feed tbat would interfere with 
the measurement of PEG? There are two tannins, cordensed tannin and hydrolyzed tannin. What 
tannin do you measure in PEG? 

A. H. Makkar - The method used is a biological method that cannot differentiate between 
the two tannins. 

Q. M.C.N. Jayasuriya - Is there any possibility that animals can adapt to high tannin levels 
by altering rumen microbial function? 

A. H. Makkar - Ruminants cannot adapt to hydrolyzable tanni~s .  

Q. 4 .  del Barrio - The usage of UMMB is not popular in the Philippines. Farmers dc not like 
to use LIMMB, although it is available. Is UMMB being used in Sri Lanka? 

A. A.N.F. Pewia - It is ./ery popular in Sri Lanka. There is an increasing demand. We have 4 
to 5 UMMB production units. 

(2. S.K. Ranjhan - Why are the EBrrners in the Philippines not using UMMB? 

A. A. del Barrio - It is not popular because of the urea. Farmers use urea as a fertiiiser for 
crops b ~ i t  not for animals. UMMB is being used in large farms but small farmers do not use it. 

Comment. S.K. Ftanjhan - The reason for failure in India is that the hygroscopic ingredients 
make the UMMB soft. When the block is soft the animal bites and eats it and the intake of urea is 
excessive. Normally, each block is around 5 kg and so there is a danger of over-eating. To 
overcome this, farmers cut the block into two and feed it for two days. 



Comment. M.C.N. Jayasusiya - The low usage of UMMB is not due to the chronological 
problems. It is due to economic reasons. It is not economical for farmers to use UMMB, because 
the cost:benefit ratio is low. 
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Abstract: Population growth, urbanisation and income growth in developi.lg zountries are c~n~ently fueled 
by a masslve increase in demand for food of animal origin, which is predicted to result ic a "livestock 
revolution" during the nex, decade. Achieving this through sustainable use of natural resources whilst 
~onserving biodiversity and preserving the environment will require novel approaches at all levels, from the 
farmers to policy makers, and will inevitably need wide spread but judicious applicati9l. of new 
biotechnologies, including those which can improve breeding management and increase reproductive 
performance. 

The relative importance of reproductive efficiency in the overall profitability of buffalo farming varies with 
the product~on system. Under many Asian farming conditions the major constraints to reproductive 
efficiency include climatic, stress, inadequate nutrition, poor heat detection, incorrect timing of mating or 
artificial memination (AI), frequen, suckling by calves and misconceptions among farmers or breeding 
management Practical methods for overcoming these have been developed through resear?h in many 
countries, but have not been adequatelj disseminated among the farming communities. 

A range of modem reproductive techr.3logies are currently available to livestock producers in developed 
countries and, as buffalo systems in Asia become more intensive and commercially oriented, the potential 
to apply these will arise, but will require suitable modification and adaptation. A1 will become increasingly 
important, part~cularly tn the more intensive systems. However, achieving, acceptable fertility to A1 
demands good heat detection and correct timing of service, factors that are more critical in buffaloes than in 
cattle. The use of progesterone measurement in samples of milk collected at strategic times in relation to A1 
can be a useful tool in identifying lapses in reproductive management by farmers as well as weaknesses of 
A1 services. Once sorrective measures are in place, progestero,le assay in a single samp'.: !can be used to 
provide an early pregnancy diagnosis (N-PD) service to farmers, and will help further improve reproductive 
performance. 

Oestrus synchronization has applisattons in overcoming the problem of heat detection in buffaloes, out has 
often been misused, resulting in low fertility. Important considerations for success include careful selectio- 
of animal, using reliable treatment regimes, avoiding stress and ensuring correct timing of Ak. Other 
technologies such as embryo transfel, sex pre-selection through sperm sorting, and molecular methods 
based on genetic markers may have future applications under specific Improved buffalo production systems. 
To be effective, however, all modem technologies must be preceded by fundamental improvements ;r 
husbandry, feeding, breeding and disease control. 

Introduction 

TLle year 2000 will remain an important milestone in life to all o f  us. At the threshold of the -ew 
decade, c e n t i r j  and millennium, we are in a period of rapid change and transition, driven y the 
nsed to adapt to global trends in demography, agriculture, irdustry, communications and demands 
3f discerning consumers. Population growth, ~rbanization and income growth in developing 
countries ar-, currently fuelling a massive iqcrease in demand for food of animal origin, which is 
predicted to result :n a "livestock revolution" during the next decade (Delgado, et al., 2000). 

However, ;ncreasing livestock productivity will need to be achieved through the sustainable use 
of natural resources whils'r conserving biodiversity and preserving the enxfironment (Steinfeld, et 
al., 1999). This will require novel approaches at all levels, from the farmers to  policy makers, and 
will inevitably need widespread but judicious application of ncw biotechnologies. As scientists 
engaged in irnpro./ing livestoci production and health in Asia, it is an o ~ p c r t u n e  time to look 
closely at the techno log:^^! developments that are taking place in this field, to  identify 
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opportunities for their application in our countries, and to assist our farmers to use them to 
improve the cost-efficiency and sustainability of present as well as emerging farming systems. 

The challenges and Opportunities 

The majority of traditional fanning systems which have evolved over the past millennium in Asia 
have used ind~genous genotypes which are well adapted to the environment, and can produce (and 
reproduce) at a level in harmony with the available resources. However, higher demand for 
livesi-ock products coupled with decreasing farm land and communal grazing areas have 
necessitated profound changes to traditional farming systems in many regions (Sere and Steinfeld, 
1994). Livestock farmers have usually responded to these pressures, particularly in urban and 
peri-urban areas, by intensifying their production systems (Ghirotti, 1999), often without adequate 
assessment 6f the costs to natural resources and !ong-term sustainability. These emerging farming 
systems pose a challenge as well as an opportunity to iesearch workers, to develop appropriate 
methods to optimally utilize the available resources to obtain higher outputs of livestock products 
(Perera, 1999a). A further aspect that will i~evitably become increasingly important during the 
next decade is the quality and safety of livesack products, which will be dictated by the needs of 
more discerning consumers and the growing international trade in these commodities. 

Meeting these challenges will require interdisciplinary adaptive research, undertaken with the full 
participation of all sta:teholders, including the farmers and their service providers 
(Abeygunawardena, st al., 1996a). The essential steps involved in such initiatives will~include: 

Identification of strengths and weaknesses of the specific production system; 
Formulation and on-farm testing of appropriate improvements and interventions; and 
Extension and dissemination of proven technologies in the form of an integrated 
package. 

Research and development strategies based on this approach have been promoted by international 
and bilateral donor agencies dvring the past decade and have resulted in the availability of 
valuable baseline information on livestock farming systems in Asia, Africa and Latin America 
(Perera, 1991; Garcia, et al., 1995). The need now is to use this information, together with recent 
lcnowledge gained from technological developments in advanced countries, to the benefit of wider 
farming communities. 

The first section of this paper briefly reviews some of the important constraints relating to 
reproductive efficiency of buffaloes under Asian production systems and draws attention to the 
basic improvements in reproductive management and related factors that are essential for an 
efficient productior system. The second section discusses the possible applications of modem 
reproductive tech~ologies to further enhance fertility and productivity. This approach emphasizes 
the author's firm conviction that most moderr technologies will not be applicable if they are not 
preceded by im~rovements iv t3e basic aspects of buffalo husbandry (Perera, 1999b). 

Constraints to Higher Reproductive Eff~ciency 

relative importance of reproductive efficiency in the overall profitability of buffalo farming 
varies with the production system (Perera, 1994) and is influenced by environment, genotypes, 
scale of inputs and outputs, managerial skills of the farmers, market forces and sociological 
considerations. Under optimal conditions, a buffalo heifer should attain puberty at an early age, 
conceive readily to a fertile mating, produce and raise a viable calf, return to oestrus early during 
the postpartum period and conceive again, and repeat this cyclic process zt regular intervals till 
the end of its productive life. This ensures a harvest of more milk and calves during the lifetime of 
the animal, through earlier age at first calving and shorter calving intervals. In order to achieve 
these goals, the following constraints which are often found to operate under rural buffalo farming 
systems in Asia need to be addressed. 
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Genotype 

The genotype determines sn animal's reproductive potential, but the actual performance achieved 
depends on a host of factors, qhief among which are climate, nutrition, management and diseases. 
Thus a well adapted swamp buffalo cow might have relatively low inherent reproductive capacity 
but can achieve its full potential under the prevailing conditions, whereas a river buffalo which 
has been bred for high milk production may be able to reproduce well under mild climatic 
conditions but will perfortr poorly if kept ufider hot and humid conditions (Abeygunawardena, et 
al., 1996b). 

The practical importance of this is the need to match the genotype to the environment. This can be 
done by either using a genotype that is adapted, or mitigating the adverse effects of the 
environment by appropriate housing and management, depending on the specific situation. 

Poor nutrition in growing heifers delays puberty, while in adult cows it delays the onset of ovarian 
activity after calving, resulting in long calving intervals (Jainudeen and Hafez, 1987; Qureshi, et 
al., 1999). Both situations result in economic losses to the farmer. Under tropical grazing systems, 
the nutritional status of the animal will be influenced by the availability and quality of feed, which 
in Turn is determined by fluctuations in  rainfall (Lundstrom, et al., 1982). Other environmental 
fzctors such as high heat and humidity can also have important inhibitory effects on reproduction, 
due to suppression of appetite and feed intake. 

The body condition score (BCS) of an animal is a good indicator of its nutritional status, and can 
be used for determining the adequacy or otherwise of feeding regimes. More sensitive 
biochemical indices of nutritional status, such as beta-hydroxy butyrate and urea nitrogen in 
blood, have proved useful under intensive dairy production systems of developed countries, which 
are based on uniform genotypes and standardized husbandry practices. However, under the highly 
diverse production systems with different genotypes found in developing countries, such indices 
have to be interpreted with caution (Whitaker, et al.. 1999). On the other hand, progesterone 
measurement allows accurate determination of when an animal has commenced reproductive 
activity (Perera and Abeyratne, 1979) and is a good retrospective index of the effectiveness of 
feeding regimes. It cannot, however, predict how long an animal is likely to remain acyclic, or 
whether a particular nutritional treatment will be effective in advancing the onset of cyclicity. 

Recent research has shown that two of the critical links between nutrition and reproductive 
functions are possibly the proteins Insulin-Like-Growth Factor-1 (IGF-I) and Leptin (McGuire, et 
al., 1992; Keisler, et al., 1999). These appear to be the signals that relay information about body 
reserves to the brain centres that control reproduction. Current research thrusts in this field are 
focused on possible applications of aeasuring IGF-1 and Leptin as clinical tools in cattle and 
sheep, for evaluating the nutritional status of individual animals, for selection of those that are 
capable of re-establishing earlier reproductive activity postpartum and for adjusting feeding 
regimes for more efficient productivity (Adam, et al., 19%'; Roberts, et al., 1997). 

For practical purposes, the important need is to ensure adequate nutritional support for breeding 
animals, particularly at critical stages of the production cycle. Training farmers to use a C S  as a 
guide for feeding has been effective ir, Sri Lanka (Abeygunawarder-a, et al., 1996a). In future, 
measuring substances such as IGF-1 or Leptin in blood or milk may prove of greater predictive 
value, but whether such measures will be cost-effective will depend on the development of simple 
and cheap assay methods. 



Kepvoductive +echnologles jor huffulo production 

Breeding management 

In extensive systems with free-range grazing where males and females mingle freely, detection of 
heat and mating is done by bulls and, provided the latter are fertile, results in the best fertility (de 
Silva, et al., 1985). In more confined systems (e.g. tethered grazing or stall-feeding) the detection 
of heat has to be done by the farmer and mating is either by the use of a stud bull (hand-mating) 
or by artificial insemination (AI). This introduces the possibility for human error at several stages, 
beginning with the detection of heat, through the timing of mating, to the whole range of 
problems associated with AI, such as semen quality and inseminator skill (Alexander, et al., 
1997). 

A major deficiency in many smallholder buffalo farms is accurate detection of heat and mating of 
the cow at the correct time. Even in cattle, studies using progesterone measurements have shown 
that only 40-50 % of ovulations occurring during the postpartum period will be detected by 
smallholder farmers, while 20-30 of those detected may be false (Mohamed, et al., 1990). Thus 
the efficiency as well as accuracy of oestrous detection need to be improved by education and 
training. Since accurate detection of the time of onset of heat is more difficult in the buffalo than 
in cattle, this often results in mating or A1 being done at the incorrect time. 

Buffaloes subjected to free suckling by their calves resume ovarian activity much later after 
calving compared to those that are subjected to restricted suckling once or twice 2 day (Mohan, et 
al., 1990; Abeygunawardena, et al., 1996~) .  In cattle it has been shown that even the mere 
presence of the calf near its dam, and the degree of direct contact by touch, smell and sound, can 
delay the onset of postpartum ovarian activity in the dam (Williams, 1990). 

The practical importance of the above is that farmers need the knowlzdge acd skills to detect 
oestrus and mate cows at the optimum time, and to manage calves so as not to jeoperdize the 
fertility of their dams. 

Misconceptions 

Rural dairy farmers in many Asian countries hold a range ohisconceptions regarding the 
reproductive biology of cattle and buffaloes, which result in inappropriate management practices. 
Some farmers delay mating their cows for up to 3-6 months after calving, due to a belief that 
mating ton early will result in a shortened lactation and lower milk production. Farmers also tend 
to assume that a cow will be pregnant once it has been served and neglect to look for returns to 
service, thereby losing valuable production time. On the other hand, many farmers believe that the 
discharge of blood which occurs 1-2 days after the oestrous period in a proportion of cows, 
termed met-oestrous bleeding, is a sigr. that tne animal has pot conceived after the preceding 
mat~ng. Farmers in some communities also believe that buffaloes come into heat mainly around 
the time of the full-moon. Thus they neglect to detect heat at other times and, even more serious 
rrom the standpoint of fertility, submit cows which are not actually in heat for mating or A1 on 

moon d ~ y s .  

Dispe~iing such misconceptions is difficult and calls Tor incovative xethods of education and 
extension, with clear messages that are compatible with the social and cultural background of 
these farming communities. 

Reproductive Technologies 

A range of modem reproductive technologies are currently available to livestock producers in 
developed countries. These are aimed at further improving the alrezdy high levels of prod.~ctiv:ty 
achieved using elite genotypes under specialized and intensive systems, and many of them are 
neithev pi-actical nor cost-effective under the traditional small-farm systems of Asia. However, as 
these systems become more intensive and commercially oriented, some of these technologies will 
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have good potential for application, particularly if duz attention is paid to approuriate adaptation 
to suit specific local conditions. 

Artificial insemination (Al) 

Rapid genetic ~mprovement requires the use of AI, particularly in the emerging intensive 
production systems of Asia, as it is often the only alternative, considering that keeping breeding 
bulls on small farms is expensive and impractical. The procedures for collection, evaluation, 
dilution, preser~ation and storage of buffalo semen are now well established (Vale, 1997). 
fi iowever, Suffalo spermato7oa subjected to freezing and thawing appear to have a shorter fertile 
l~ fe  span inside the female tract than fresh semen (Moioli, et al., 1998). Thus proper detection of 
hcat and timing of Al become critical when frozen semen is used and may be one reason for the 
differences seen in conception rates between A1 and natural mating. Another factor that can 
contribute to poor conception rates is the nrrrow cervix of the buffalo, which makes AI more 
difficult, particularly in heifers. 

'he optimum time for A1 in the buffalo appsars to be towards the end of standing heat, which is 
later than :hat in cattle, when the cow refuses further mounting by teaser males (Moioli, et ul., 
1998). In the majority of buffalo production systems, however, the use of teaser bulls is not 
practical 'i'he option may be to inseminate cows around 24 hours after the first detection of heat 
signs, but this needs further research for confirmation. 

/\part from these technical problems, there are many constraints that influence the quality and 
efficiency of Fi',I serviccs available in developing countries, as well as the effective utili~ation of 
thes.: services by farmers. !f ge~ietic improvement and modernization of husbandry practices are 
to proceed, it is essential that the main constraints are clearly identified and appropriate steps 
taken LO reviedy them. 

Measurement of progesterone in milk 

Progesterone is produced by the Corpus Luteum (CI,) in .he odary, and is present in blood, milk 
aqd other body fluids. One of the practical applications ~f progqsterone measurement is its use for 
monitoring AI services and breeding management by farmers. 

The rationale for this approach is illustrated in Figure 1 .  In a normally cycling buffalo cow, 
progesterone will be low at time o'oestrus and increases from day 5 until day 10-14 (cows A and 
3). If the cow is mated at oestrus and it conceives, progesterone will remain elevated (cow A), 
whereas if the cow does not conceive, it will decline by day 16-1 8 and followed by an increase 
after the next ovulation (cow B). However, in some cases a cow may be inseminated because the 
farmer thought she was in heat; but progesterone levels will remain basal, i~dicating that she was 
acyclic or in anoestrous (cow C). There zould also be occasions when a cow is erroneously 
insemmated during the Iuteal phase or during pregnancy. 

n a recently completed co-ordinated research project involving 14 countries in Asia and Latin 
America (IAEA, 2000), three samples of milk were collected from each cow, on days 0, 10-12 
and 20-23 after A: and assayed for progesterone. Information was recorded on the A1 service, 
Carming system, breeding management, nutrition and reproductive status of cows. The results, 
based on over 11,000 services in 7,990 cows on 1,735 farms, proxrided valuable insights to the level 
of fertility in cows bred by A1 in these countries. 
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Fig. 1. Three profiles of progesterone concentration in milk of cows over a 30 day period after Al. 

The conception rate to first service ranged from 15% tc 52% in the study areas, with an oxferall mean 
of 4 I %. The main causes of low fertility were heat detection failure, insemination at the inzppropriate 
time, poor semen quality, embryo mortality, seasonal influences and fsctors related to management 
on indiv~dual farms. Overall, 17% of cows were inseminated at an inappropriate time (range 2-55%). 
Of this, 7% (2- 18%) were inseminated during the luteal phase or pregnancy and 10% (1 -48%) were 
during anoestrus. Of the services performed at an appropriate time, 25% did not result ir a pregnancy 
as diagnosed by.progesterone measurement at 22-24 days (due to non-fertilization or early embryonic 
death). A high proportion of these cows were not submitted for further services until rectal palpation 
2-3 months later, highlighting the failure of farmers to detect subseqlrent returns to oestrus. Of the 
animals diagnosed as possibly pregnant by progesterone assay, 12% were found to be non-pregnant 
on rectal palpation (due to late embryo mortality or persistence of luteal function). The efficiency of 
non-pregnancy diagnosis based on progesterone assay at 22-24 days after A1 was greater than 9S0/0. 
These tinclings highlight the need for closer monitoring of field results by A1 service providers and 
for better education of A1 technicians and farmers. 

It is also possible to identify animals which have not conceived to A1 by analyzing a single 
sample of' milk collected between 20-23 days after A1 (Perera, et al., 1980), since basal 
progesterone levels at this stage are an almost infallible indicator of non-pregnancy. On the 
contrary, a high progesterone level only indicates that the animal may have conceiveG, since other 
conditions (e.g. Al during luteal phase, persistent CL, luteal cysts, late embryonic death) will also 
result in elevated progesterone at this time. For early positive diagnosis of pregnancy, 
measurement of pregnancy-specific protein B (PSPB) in blood can be done from 30-40 days 
onwards (Debenedettia, et al., 1997). 

An alternative to measuring progesterone could be the measurement of electrical resistance in the 
vaginal mucosa, which is known to be lower during oestrus than at other times of the cycle. A 
recent study showed that daily measurements from 19 days after AI, using a simple electronic 
probe, was capable of identifying a high proportion of cows that were non-pregnant and returning 
to heat (Scipioni and Foote, 1999). 

There is clearly a potential in many dairy proddclion systems of Asia to apply these methods as a 
diagnostic service to farmers. The advantage is non-pregnant animals can be accurately 
identified at an early stage, and action taken to observe them closely for heat and to get them 
mated again at the correct time. 'Ihe main disadvantages of the assay methods are the need for 
specialized laboratories and the logistics of getting the samples to the jaboratory and the results 
back to the farm. If cheap and reliable qualitative cow-side tests for progesterone or PSPB are 
developed in the future, they will be valuable for improving reproductive efficiency under many 
smallholder buffalo production systems. The electronic probe, i: proven to be reliable and 
available cheaply, could be a useful aid to veterinarians and A1 techricians. 
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Oestrus synchroniza:io ; 

Synchronization of oestrus in a group of cows, or induction of oestrus prematllrely in a single 
cow, can be used to circumvent the problem of heat detection and allows A1 to be done on a pre- 
planned basis. The methods that have been used in buffaloes are based on those developed in 
cattle using progestational compounds with or without oestradiol, prostaglandins (PG), or 
combinations of these (Perera, 1987). Most studies have shown that the perceptage of treated 
buffah cows which come jnto heat is acceptable (70-90%), but the conception rate (CR) to A; 
performed at pre-determined times is around 20-40% (Pathiraja et al., 1979; Xajamahendran et 
ul., 1980). Use of natural service, or A1 after detection of heat by a vasectomized bull, can give 
CKs of 50-60%. One reason for th:s could be the finding that the interval from withdrawal of 
exogenous progestagens, or from treatment with PG to the occurrence of ovulation appears to be 
more variable in buffaloes than in cattle (Zicarelli et al., 1997). 

1 he success of synchronizatio~ programmes, particularly when undertaken in village farms under 
tropical conditions, depend on a number of factors including the biological peculiarities of this 
species, proper selection of animals for treatment, the synchronization regimes to be used, 
management aspects, semen quality, A1 technique and ctimatic factors. Such programmes need to 
be properly planned and executed, if the obvious pitfzlls evident in previously reported field 
programmes are to be avoided. The following recommendations should be considered in order to 
obtain acceptable fertility: 

* Schedule synchronization during favourable ~ e r i o d s  of the y=ar when the majority of 
animals are likely +o be cycling 
Select females that are healthy and in good body corclitic.1 

* Ensure animals are non-pregnant and cycling 
Avo~d heat and other stresses during herding, ITeatxent and A1 
Provide adequate water, feed and shade during all stages 
Use a treatment regime that is technically suitable for the specific conditions 
Ensure availability of good qbality semen and skilled A1 technicians 
Keep adequate records to enable evaluatior of responses and results 

Ultrasonography 

Ultrasonography is now being urcd widely by deterinzcizns in the industrialized countries to 
visualize the reproductive tract of don-sstic animals, as a component of clinical diagnostic 
procedures. The main limitations LO 'ts a;plicatior in developing countries at present are the 
capital cost of equipment and lack of experience among field veterinarians. However, there are 
indications that simpler, more portable and possibly cheaper instruments will be developed in the 
future If so, this technique could become a valuable tool for veterinarians servicing smallholder 
farmers. 

The most practical type of instrument is one based on rsal-time B-mode ultrasound, equipped 
with an intra-recta! transducer operating at 5 or 7.5 MHz. In buffaloes, the embryonic vesicle 
(non-echogenic) and the embryo proper (echogenic) can be imaged at about 19-27 days after 
mating. The heartbeat of the embryo is discernible at 30-35 days and structures such as the 
allantois, amnion, spinal cord and limbs can be imaged at 35-40 days. The stage of gestation can 
be deduced from the heart rate and the length of the embryo. 

Embryo transfer and related technologies 

The early experiences in buffaloes, with methods of embryo transfer developed for cattle were 
disappointing, but with recent advances in knowledge on buffalc reproductive physiology, the 
success rate is clearly improving (Drost, et al., 1983; Jainudeen, 1990; Madan, et al., 1996). 
Techniques havs now been developed in buffaloes for ultrasound-guided ovum pick-up (Boni, et 
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al., 1996), in vitra fertilization and embryo culture (Madan, et al., 1996) and embryo cloning frQm 
foetal fibroblasts (Parnpai, et af., 1999). 

In general, the superovulatory responses obtaitled, recovery of transferable er,lbryos and 
pregnancy rates in buffaloes have been lower than those in cattle. This has been attributed to 
many factors, including differences in ovarian follicular populations, reproductive hormones, 
anatomical and biological aspects. The pregnancy rate ir buffaloes is also influenced by factors 
such as synchrony between donors and recipients, embryo quality, size of CL in recipients and 
occurrence of premature luteolysis (Misra, et al., 1999). 

Given the current status, these technologies are likeiy to be applicable only undsr specific 
situations for improving buffalo production. Two s ~ c h  opportunities might be in yroviding the 
alternative of importing frozen embryos instead of live animals, when nucleus breeding stocks 
need to be established or in the conservation of rare genetic resources. 

Sex pre-selection 

In cattle, attempts have been made over the past several  decade^ to pre-select the sex of offspring, 
principally by separating X and Y chromosome bearing spennztozoa. Of the many techniques that 
have been investigated, only the method based on high-speed flow cytometric celi sortiqg has 
provided reliable results (Seidel, 1999). This method at present can provide X-bearing sperms 
with a purity of 85-90% and a yieid of I I million sperms per hour (Johnson and Welch, 1999). 
Thus the yields are still too low for widespread application in routine AI, but sexed semen is 
currently being used in cattle for in vitro fertilization and low-dose deep uterine Al. Whether such 
methods will be applicabie in buffalo breeding will depend on further refinements ts the 
technology as well as improved delivery systems for breeding services. 

Molecular methods of selection and related gene technologies 

Traditional breeding methods for improving production are based on selection for desirzble 
phenotypic characteristics. Technologies are now available for identibing and mapping the genes 
which control important traits, called quantitative trait loci (QTL). 'his provides a means of 
increasing the frequency of favourable alleles directly by selection of marker alleles known to be 
linked to the QTL allele (Fomez-Raya and Klemetsdal, 1999). 

While the use of protein and DNA polymorphisms and microsatellite analysis methods are rapidly 
advancing, our knowledge on the genetic basis of many important traits, the practical applications 
of this knowledge for livestock breeding will need considerably more research and development. 
In the advanced production systems of developed countries, such technologies are aimed at 
pushing the limits of productivity further upwards in a cost-effective manner. In developing 
countries, however, they are more likely to find application in preserving the adaptive traits of 
indigenous livestock whilst increasing their genetic potential for production traits. 
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HISTOLOGICAL CHANGES IN ENDOMETRIUM DURING FOLLICULAR AND 
LUTEAL PHASES IN WATER BUFFALO (BUBALUS BUBALIS) 

Department of Anatomy and Histology 
Faculty of Veterinary Medicine, Shahid Chamran Uhiversity, Ahvaz - Iran 

Abstract: While variations have been reported in the histological changes of uterus during follicullar and 
luteal phases in mammals, the literature available on the cyclic changes of buffalo uterus is insufficient. 
This project was undertaken to study the normal histological structure of the buffalo uterus during the 
follicular and luteal phases in order to iaprove understanding of the changes during disease. As uterine 
disease affects fertility, the study of the empty or resting uterus appears to be more urgent than that of the 
pregnant uterus. The study concentrated on the endometrium because the disease often affected this part. 

Sections of endometrium of 20 healthy water buffaloes (3-5 years old) during the follicular and luteal 
phases revealed an increase in the height and secrftory activity of epithelial cells during the luteal phase. 
Cyclic erosion of the surface epithelium was seen in early dioestrus. The extravasation of blood, necrosis 
and epithelial desquamation, as well as oedema in the stroma of the endometrium were observed during the 
follicular phase. The branched tubular endometrial glands were not seen in the caruncular area. The number 
of the superficial glands was more during the luteal phase (69.8A8.1 glands/mm2) than during the follicular 
phase (53.6k7.8 glands/mm2). The diameter of the glands at the follic:..;,lar pha~e  (54.8 I 6.9 p) increased 
during the luteal phase (85.9 + 8.6 p). The results show that the endometrium oC the buffalo uterus 
undergoes considerable structural changes during the luteal and folliculz phcses. 

Keywords: Histology, endometrium, follicular phase, luteal phase, viater buffalo 

Introduction 

While variation i7 histological changes of the uterus during fofo:iicular and luteal phases in 
mammals has been reported (Dellmann, 1987; Banks, 1996), the available literature on the cyclic 
changes of  buffalo uterus is insufficient. This project was undertaken to  study the normal 
histological structure of the buffalo uterus during follicular and luteal phases, in order to  improve 
the understanding of the changes during disease. As uterine disease affects ferti;ity, the study of 
the empty or resting uterus appears to be more urgent thar- that of the pregnant uterus. The study 
concentrated on the endometrium because the disease often affected this par',. 

Materials and Methods 

Twenty normal uteri of 3-5 years old water buffaloes (Bubalus bubalis), during the follicular and 
luteal phases were collected a t  an abattoir. Samples were taken from left and right horns and fixed 
in 10% formal saline and processed by paraffin embedding and sectioned at 5-6p thickness. 
Tissue sections were stained with H & E special stains. Milligan trichrom, Fast green and PAS 
were employed where necessary for demonstrating special histological structures. 

Results and Discussion 

The cyclic changes chiefly affected the endometrium, which consists of a surface epithelium 
overlying a connective tissue stroma containing glands and blood liessels. The endometrial 
thickness increased during the luteal phase (Figs. 1 and 2). The cyclic changes of each component 
of endometrium are considered separately. 



Histologicul changes in endometrium in water buffalo 

The surface epithelium 

The pseudostratified columnar endometrial epithelium, which consists of ciliated and non-ciliated 
columnar cells, was situated on the thick basement membrane. Height and secretory activity of 
epithelial cells increased during the luteal phase. Vacuolaqation of these cells was considerable 
during the luteal phase. The pseudostratified surface epithelium of Bubalus bubalis endometrium 
has been reported also by Bhavsar et al. (1974). Harcharan-Singh and Sharma (1985a) reported 
heavy accumulation of lipid droplets in epithelial cells of buffalcl endometrium during the mid- 
luteal phase, which gradually diminished from the late luteal to the f~llicular phases. The higher 
vacuolazation of endometrial epithelial cells observed in this study during the luteal phase may be 
related to the aforementioned higher accumulation of lipid droplets during the late luteal phase. 
Bugalia and Sharma (1990) reported that glycogen and protein were significantly higher in 
buffalo endometrium during the follicular phase than the luteal phase. 

The results also show that many of the cyclic changes of buffalo endometrial surface epithelium 
were comparable to those of cattle. Cyclic erosion of the surface epithelium was seen in the early 
dioestrus phase. The extravasation of blood, necrosis and epithelial desquamation were observed 
in the follicular phase (Fig.1). Dellmann (1987) reported that during proestrus, the bovine 
endometrium was again restored. The mucosa becomes thickened, congested and edematous with 
a predominance of mucin-filled epithelial cells. Metrorrhagia began shortly before the ovulation 
in the cow, Capillaries rupture in the mucosa and blood accumulated in cystic spaces beneath the 
surface epithelium. The blisters rupture and blood and shreds of mucosa were liberated into the 
uterine lumen. lxieber et al. (1948) reported that the cyclic erosion of surface epithelium of the 
bovine endometrium occurred on tbe third day of the oestrous cycle. Arthur (1996) reported that 
24-48 h after oestrous, the caruncles of the cattle uterus show petechial haemorrhages. Ohtani et 
al. (1993) reported that metrorr!~agia and stromal oedema were greatest on day 0 - 1 and basal 
vacuolation of surface spithe1iu.n on days 5-6. The PAS reaction on apical parts of the epithelial 
cells of buffalo endomctrium was seen both during luteal and follicular phases (Fig. 2). Oivadis et 
al. (1977) reported that during oestrus and metoestrus only non-ciliated epithelial cells of bovine 
endometrium have secretions. 

The sub-epithelial connective tissue 

Stratum compactum ancl stratum spongiosum were recognized just below the surface epithelium, 
but stratum spongiosum was more diffused during the follicular phase. However, these 2 layers 
were more differentiated at the luteal phase. Stroma consisted essentially of white fibrous tissue 
during the luteal phase (Fig. 2). Blood supply was poor during the luteal phase and the .vessels 
were narrow with thick walls. Vascularization and congestion increased during the follicular 
phase. At the follicular phase, extravasation took place first below the surface epithelium and then 
through it into the lumen. Oedema was seen at the folliculas phase and confined to the spongiosa. 
Dellmann (1 987) reported that during oestrus, endometrial oedema and hyperaemia are maximal, 
and during metoestrus, the oedema lessens, but a breakdown occured in some of the congested 
blood vessels of the mucosa. 

The endometrial gland 

The branched tubular endometrial glands were distributed throughout the buffalo uterus, but the 
glands were more concentrated on the basal layer of the endometrium. No glands were seen in the 
caruncular areas. Epithelium of the glands consisted of ciliated and non-ciliated columnar cells. 
The number of superficial glands was more during the luteal phase (69.8k8.1 glands/mm2) than 
during follicular phase (53.6k7.8 glands/mm2). The diameter of the glands at follicular phase 
(54.856.9~) increased at the luteal phase (85.9k8.6~).  The cyclic changes in number and diameter 
of endometrial glands were significant (P<0.05), (Table I). 



Table I .  The number and diameter of buffalo endometrium during follicular and luteal phases 

Phase Number of the superficial Diameter of the endometerial 
glands/mm2 glands @) 

-,- 

f'ollicullar 53 6 2  7 54. 8 1 5 . 9  
',uteal 69. 8 i 8.1 85.9 + 8 6 

There was an insignificant variation in the number and diameter of basal endometrial glands. 
Necrosis and epithelial desquamation of superficial glandular epithelium were observed at the 
follicular phase and glandular epithelium regeneration was seen at the luteal phase. Secretory 
activity and coiling of endornetrial glands increased during the luteal phase. Janakiraman et al. 
(1976) reported that the highest number (47.75) of e-tiornetrial glands o'wate: buffalo uterus per 
I00 X I00 cross section area were seen at the oestrous phase of the cycle, lowest (25.43) at the 1 

late luteal phase and intermediate (36.5) at the follirula; phase. The gland epithelial cell wall 
height was lowest ( 1  0 6 . 5 ~ )  at oestrus and highest ( I  4 6 . 1 3 ~ )  at the early luteal phase. The number 
of glands was lowest in the late luteal phase (46.3 glands/mm') and increased from the early 
follicular phase (56.8 glands/mm2) to the mid-luteal phase (73.1 glands/mm2). The  g4and diameter 
was 6 1.3 and 9 9 . 9 , ~  at late and mid-luteal phase. respectively. The authors had not see glands in 
the caruncular areas and variation in numbsr of bats1 glands, though not very significant, was 
greatest in  the early follicular phase (221.8 glandsiL~m2).  Uhrin (1984) reported that the 
proliferation of glandular epithelium IS greatest in intensity i;l oestrus and resches its peak values 
in metoestrus, when the apical p;t,-rs o f the  cytoplasm contain the largest amount of smooth-walled 
vesicles and vacuoles, and also secretory granules. 

Dellmann (1 987) and Banks (1993) reported that the oestroger: (produced during the follicular 
phase) and progestrone (produced during luteal phase) are to a large extent responsible for the 
cyclic changes of the mammalian endometrium. Gordon (1996) bas stated that the uterine 
degenerati-/e changes are induce6 by oesteradiol and continued by progestrone, which i ~ d u c e d  
glandirlar secretory activity. The  follicular and luteal changes observed iq the buffalo 
endometrium structures may have been induced similarly. 
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extravasation of blood cells; degenarated glandular epithelium (1 OX) 

Fig. 2 Photomicrography of buffalo endometrium duriqg luteal phase. The endometrial thickness and 
distribution of the glands are more than follicular phase (4)r). 
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IN RELATION TO ENVIRONMENTAL PARAMETERS 

E.R.K. Perera and A.N.F. Perera 

Department of Animal Science, Faculty of Agriculture, 
University of Peradeniya, Sri Lanka. 

Abstract: A study was conducted to assess the production and re7rodu;tive performance and to investgate 
the effects of envirmmental fiztors on performance paramelers of irpoited Nili Ravi buffaloes in Srl 
L,anka. Data on calv:ng, postuartum oestrus ard lactation of 378 Ni l i  Ravi buffalo cows, and birth we~ght 
(BWT), growth rate and age at first calving of 433 cal-les during 'he period 1991-1996 were analyzed In 
relation to a m b ~ e n ~  tempera'ure (AT), relatlve humic~ity (RH> a-id rainfall (RF) The mean AT fluctuated 
between 22 7*0..~~C and 32.211 1°C d~urnally, while RH varied between 5412% and 9213%. The annual 
RF (1342+99 mm) was bimodal, reaching the "ighest level from October to November, and a smaller peak 
from April to May. The majority (4253%) of the calves were born from December to March, while 22*1% 
calves were born in July and August. BWT of male (30.46+3.11 kg) and female (28.57k3.57 kg) calves 
were not different, but males became heavier (2 1 1.2rt25.3 kg vs. 187.2rt3 1.8 kg) than heifers at 12 mo of 
age Of the er qlronmental parameters, maximum AT (r=-0.7?) of the month, nighttime RH of the previous 
month (r=0.80) and RF of two months preceding the month of birth (r=0.64) were significantly (p<0.05) 
co.-related to BWT implying the detrimental effects of heat stress and beneficial effects of RF on foetal 
nutrition durlng last montks of pregnancy. Body weight gain (BWG) of calves declined from 3-6 rno of age 
suggesting weaning stress. BWG was lowest fiom 18-24 mo of age in heifers. Mean age at first calving was 
1418+255.2 days. The majority (65%) of heifers delivered first calf at 36 to 48 mo of age. Calving to first 
service (CFS) interval was 134.2193.2 d and varied (p<0.05) depending on the month of calving and BWT 
of calves. CFS was shortest in cows that calved during November to January (41.5*14.4 d) and longest in 
those that calved during February to April (185.e89.1 d). CFS was (p>0.05) correlated to RH (r=-0.65), 
maximum A T ( ~ 0 . 7 4 )  of the month of calving, and to BWT (I-=-0.61) suggesting that heat stress lowered 
BWT itnd increased CFS, while RF during prepartum dampened such effects. Percentage conception was 
correlated (r=0.74; p<0.05) to the RF of previous 5 months indicating beneficial effects exerted by RF on 
conception. Gestation length (321175.9 days) was not different betwee11 the two sexes. Calving interval 
(465.0~148.5 days), lactation milk yield (1732.5 r 639.8 kg) and lactation length (291.4ri-75.2 days) 
declined with parity. Daily milk yield increased till third month of lactation to reach a peak yield of 
7.73k1.5 kgtday and declined thereafter. These results suggest that the peri-partum period as the most 
vulnerable stage to environmental stress, and maximum AT, nighttime RH and RF as the most important 
environmental factors affecting the performance. Alleviating heat stress during prepartum is suggested as a 
means for improving reproduction performance of cows and BWT of calves. Need for improving existing 
weaning practices to avoid weaning stress, piane of nutrition of heifers at 18-24 mo of age to improve 
growth performance and advance age at puberty and improving nutrition of lactating cows to prevent the 
decline in lactation performance with parity also are indicated by the results 

Keywords: Postpartum, birth weight, milk yield, environment, Nili Ravi buffalo 

Introduction 

As in many other countries in Asia, the water buffalo plays a considerable role in the livestock 
sector of Sri Lanka contributing approximately 25% of national milk production and providing 
draught power t o  about 35% of the total cultivated land extent. Since the production performance 
of the indigenous buffalo, which constitutes the majority of  the 0.8 million buffalo population in 
Sri Lanka, is far from satisfactory, numerous attempts have been made in the recert pas' to 
improve their potential. Importation of exotic river breeds of buffaloes from countries such as 
India and Pakistan, to be used as nucleus herds in upgrading and cross breeding programmes of 
indigenous buffalo, had been one of those endeavours. Under the animal importation programme, 
three breeds of buffaloes namely, Murrah, Surti and Nili Ravi had been imported to Sri Lanka 
from time to  time. Nili Ravi buffaloes imported from Pakistan were maintained at a state owned 
livestock farm located in the dry zone of Sri Lanka, as a nucleus herd from the time of 
importation. The production performance of imported Murrah buffaloes in Sri Lanka had been 



investigated (Rajamabendran et al., 1980-8 1 ; Lundstrom et al., 1982), znd comparisons had been 
made wit? those of Nili Ravi buffaloes during their first two years of performance 
(Abeygunawardena et al., 1995). However, information is lacking on the production and 
reproduction performance of imported Nili Ravi buffaloes and their descendents in relation to 
changes in the environmental factors in Sri Lanka. Hence, this study was undertaken to examine 
the production and reproduction performance of imported Nili Ravi buffaloes in Sri Lanka and the 
relationship of these parameters to the environmental variables, with the ultimate goal of 
identifying the aspects that warrant immediate attention to enhance the production and 
reproduction performance of these imported animals and their descendents. 

Materials and Methods 

The data used in this study were collected from the National Livestock Development Board 
(NLDB) farm located at Nikaweratiya, where the 271 imported Nili Ravi buffaloes, and a limited 
number of'their descendents are majntained as a nucleus herd. The Nikaweratiya NLDB farm is 
located in the Kurunegala district of the North Western Province of Sri Lanka at latitude, 
longitude and an elevatior, of 7' 44' N ,  32' 08' E, and 100 ft, respectively. 

The general management practice adopted Ly the farm during 1990-1996 period was a 
combination c: 7ero graying and semi-intensive management as described in the following 
section. Thp imported animals commenced calving in 1991. During the first two to three months 
postDartun1, the buffalo cows were managed under zero grazing, given a mixture of Bracharia 
brzzantha, Bracharia tnuticu and available native grass ad libitum, and fed up to 5 kglday of a 
concentrate mixture containing 95.1% dry matter, 13.7% crude protein and 74.2% total digestible 
nutrients, at milking time. Water showers were provided to cool these cows during the hottest part 
of the day, and they were hand milked twice a day at 0300 and 1500 hours. Beyond 3 months 
postpartum, the buffalo cows were sent for grazing in the field from 0630 hours till 1330 or 1400 
hours and allowed to wallow from 1330 hours till 1500 hours before being hand milked at 1500 
hours. Three to five stud bulls were used daily to detect Ihe cows in oestrus. Although the females 
were served naturally, artificial insemination services were sometimes used. The calves were 
separated f rov +he dam at 5 days of age, and raised in calf boxes for two months. The calves were 
compietely weaned from milk by three months of age, and fed on grass and concentrate mixture at 
the rate of 0.5 kg/day. Bull calves were separated from the females and the best were selected as 
future breeding stock, while the rest were sold from 7 to 9 months of age onwards. The heifers 
and dry cows were primarily raised on robghage undzr grazing management with minimal 
concentrate feeding (-2.5 kddaylanirnal). 

Data o r  dates of calving, birth weight and sex of the calves born in the farm, interval from calving 
to first service in postpartum cows, daily r i l ~  yield and length of lactation of lactating cows and 
monthly body weight of calves until 12 months of age were obtained periodically from the 
available records. Data concerned with abortions, stillbirths, nymphomania and lactations less 
than 100 days were excluded from the analysis because, such incidences were considered to be 
abnormal. Simiiarly, records of sick animals, and records after 1996, when the management of the 
animals was changed drastically from the above description, were also not considered, so as to 
eliminate the effects of management and health cozlditions. After excluding all the above- 
mentioned 'abnormalities', only the data from 378 cows and 433 calves were included in the 
analysis. 

Meteorological data on daily arnbie~t temperature (AT), relative humidity (RH) and rainfall (RF) 
from 199 1 till 1996 were obtained from the E<ururegala meteorological station and the fann. The 
mean weekly and monthly AT, RH and RF were estimated from this data and used for the 
analysis. The statistical mean values of the above mentioned production and reproduction traits 
were estimatsd. These values were correlated with the weekly and monthly means of maximum 
AT, minimum AT, daytime RH, nighttime RH, and RF of the same week and month. Data on 
birth weight -Nas correlated to AT, RH and RF of one and two months before Sirth. Correlation 
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coefficients were computed between the monthly calving percentages and AT, RH and KF 
prevailed during 10 to 17 months before calving to esimate the relationship between conception 
rate and environmental parameters. Whenever, a significant correlation was revealed, the 
respectrve linear regression coecficients were computed. 3ata on lactation milk yield, lactation 
Icngth, and body we~ght were subjected to analysis of variance to examine the affects of time and 
parity. 

Results 

Meteorological data 

The mean monthly ambient temperature, relative humidity, and rainfall that prevailed in the area 
during the study period are given in Table 1 ,  Ambient temperature fluctuated diurnally between 
20.2"C and 35.2"C. Relative humidity varied between 54% and 77% during daytime and 79% and 
92% during nighttime, assuming an opposite directional fluctuation to that of A'T fluctuations. 
Mean monthly AT was highest in March and lowest in December. Nighttime humidity had 
significant positive correlations (Table 2) with daytime humidity ( ~ 0 . 7 9 ;  p<O.Ol) and rainfall 
(r=0.73, p<O.Ol). Thc annual precipitation of the area (1392k99 mm) varied depending on the 
month of the year (p<0.05), reaching minimal values in February and maximal values in 
November. Annual RF showed a distinct bimodal pattern, yielding a major amount of 
precipitation (67% of annual RF) during October to December and a minor peak in March to May 
(20% of annual RF). February was the driest month, March the hottest, while November was the 
wettest and most humid month of every year. 

Table I .  Mean monthly ambient temperature, relative humidity and rainfall { 1991 -1936) 

- -- -- -- -- - -- . - - -- - 
Man t h -- T e m n - t ~  (" C) Relative humiditp(Y0) - - Rainfall 

Minimum Maximum - . .- - - - -- - - --- - - - -- - - - - - -- - N !  t - D a y -  - _ . _Smml- - 

January 20.2 31.0 80.0 64.0 49.9 
"eb~uasy 20 5 34.0 75.5 51.5 6 .C 
March 22 5 35.3 82.5 55 5 65.6 
A p r ~  I 23.6 34.2 85.0 64.5 88 6 
Wiay 24.3 32.5 87.0 7 1 .1  130.9 
June 24.2 30.2 84.5 74 5 20.2 
July 23.7 30.4 84. ; 74 0 54.9 
August 24.: 31 2 82 2 57.0 9.7 
September 23.7 32.6 79 5 55 5 57.1 
October 22.8 31.5 88.C 70 5 405.4 
November 22 1 30.7 89.0 74.0 41 1.9 
December. 21.5 - - - -- -- - - - 30.0 85.0 69.0 11.5.s - -- - - - - 

Calving pattern 

Monthly distribution of the numjer of catves born as a 2ercentage of the total number of calves 
born during the ye2. is given in Table 3 .  These values iqdicate that while calving occurred 
throughout the year, %o peak seasons of calving do. exist. The highest percentage of births 
(47+3"/0 of total) took place between December to March, primarily in February and March 
(3362% of total), while another smaller peak period of calving (22*1% of total births) Mias 
evident during July and August. In each of the remaining months, approximately 3-6% of total 
number of calf births took place monthly, Correlation analysis of the monthly percentage of births 
with the monthly AT, RH, and RF that prevailed during 10 to 17 months before birth revealed that 
the monthly percentage of births had tFe highest positive correlation to monthly RF that prevailed 
16 months before birth (r=0.74; ~ ~ 0 . 0 5 ) .  This regressior. equation representing this significant 
linear relationship was % calving = 5.439 + 0.0246 RF ( R ~  = 0.55, p<0.05). 



Table 2. Correlation coefficients among the calving-to first service interval (CFS) birth weight (BW), 
ramfall (RT:], m~nimurn temperature (MIT), maximum temperature (MAT), daytime humidity (5H) and 
n ~ g h t  humidlty (NH) 

N H  DH MAT M IT RF BW 
C FS -0.47 -0.64' 0.74** 0.12 -0.36 -0.61 * 
BW 0 66* 0.44 0.05 0.45 0 63" 
RF 0 71"* 0 42 -0 21 -0.07 
MIT 0 50* 0 56' 0.01 
MAT -0.36 -0.75** - 

Table 3. blonthly distrrbut~on of calving percentages and birth weights of calves 
- . - . - -- . - - --- 

Month - - - - . - - Pereen@ge-~a~i!% Birth weight _ (kg) 
~ i n v a r ~  7 1 30.4 + 3.5 
Fehruary 157  28 4 + 4.8 
March 16.4 28.2 -i 3.3 
April 3 G 28.4 * 5 4 
M aY 3.6 2 9 6 + 3 0  
June 5.0 29.7 + 4.4 
July 9.3 30.5 + 5.8 
Au$ust 13.6 30.9 k 5.3 
September 6 4 29.2 * 4.7 
October 5 7 27.9 * 5.0 
November 3 6 30.0 -1- 3 0 
December - .  -- * - - -  32 0 i 3.1 0 _ _ -- - - - -  

Birth weight (BWT) 

The ove;all rnezns birth weight of the calves borfi during 199 1-1996 was 29.6*4.63 kg. The birth 
weight of male calves (30.5k4.52 kg) was not significatltly different from that of female calves 
(28 6+4.58 kg). However, birth weight was affected (pc0.05) by the month of birth. The heaviest 
calves (32h3.1 kg) were born during December, whiie those with lowast mean birth weig6ts 
(27,9*5.0 kg) were born in October (Table 3). Correlation and regression analysis of birth weight 
with AT, RH and RF indicated that birth weight was negatively correlated to maximum ambient 
temperature of the month (r=-0.78. p<0.01) of birth, positively related :o night humidify ( ~ 0 . 8 0 ,  
p<0.01) of the previous month, and rainfall during the previous month (r=0.57, pcO.05) and 
calving (r=0.54; p<0.05), The respective regression equations depicting the significant 
relationships between birth weight and maximum AT (MAT) of the month of birth, rainfall two 
months before birth (RF2) and night humidity of the previous month m H 1 )  are given in Figure 
la, b, and c. 
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32 5 

BWT = 46 85 - 0 54*MaxT 

(R'-56 9, p<0 01) 
4 

Mean Monthly Max~mum AT (C) 

Fig. l a  Relat~onship between blrth weight and mean monthly maximum ambient temperature 

c 2 9 5  r BWT = 28 9 4 4  0056 RF 

29 1 ( ~ ' =40  6,p<0 05) 

2 7 5  I- - I -- 

0 100 200 300 400 500 I 

Ra~nfall (mm) 

Fig. I b Relationshrp between birth welght and monthly rainfall two months before birth 

Fig. l c  Relationship between birth weight and night humidity 



Body weight gain 

Mean dally hod3 weight gain of tlie male and female calves from birth till twelfth month of age is 
given rn '1 able 4. l r  bath sexes. the daily body weight gain increased up to the third month, 
declined fiom third till tlic sixth month and again increased from the sixth to the twelfth month o f  
age. This growth pattern reswlted in male and female calves reaching a live weight of 21 1.2k25.3 
hg and 1 87 2,tJ 1 .  I kg, respectively at 12 months of age. When body weight gain of calves that had 
a lower bil-th weight (25.5 112 55 kg) than the overall mean birth weight (29,59 kg) was compared 
with that of calves. that had a higher than the overall mean birth weight (33.29-+2.60), the heavy 
calves hatl superior body weigllt gains (Table 4; p<0.05). Due to insufficient nuvber of data 
points on body weight of male calves beyond 12 months of age, only the body weight gain of 
heifers older rha~ i  12 months of age vJas considered. These values indicated that, the weight gain 
of heifers was lower (p.c-0 05) during I8 to 24 months of age compared to the other stages of 
growt 11 

Table 4. Agc related changes in body welght gain (kgiday) of Nili Ravi buffalo 

. ------ - -- -- 

A& {M- Heavy (?29.5!4 kg)_ - -  Ligkt - (49.59 kg) Male Female 
0 - 1  0 226 0,197 0 191 0 197 
1 - 2  0.432 0.369 0.42 1 0 401 
2 - 5  0 499 0.468 0.463 0.462 
3 - 4  0 326 0313 0.380 0.361 
4 - 5  9.368 0,35 1 0.307 0.322 
5 - 6  0.264 0.240 0.359 0.330 
6 7 0 762 0.298 0.472 0.45 1 
7 8 0 605 0.520 0.502 0.53 1 
8 9 0 544 0 335 0.43 1 0.462 
0 -  10 0 599 0.569 0.730 0.593 

10-1 1 0.538 0.59 l 0.562 0.6 1 I 
1 1  -12 0 662 0.548 1.191 0,692 
12 -18 0.4 1 1 
18 -24 0.267 
24 -70 0.475 

Age at first calving 

The mean age at first calving rarrged ftorn 1077 to 241 5 days and assumeG a mea.1 value of 
1418k255 2 days. This was approximl~tely 46.518.4 ~ o n t h s .  which ranged fron: 35.3 months to 
79 montlis of age. Less than 1 %  of thi: heifers delivered thzl first calf before 36 months of age, 
while the majority (84%) of heifers calved for .the first time between 36 and 60 months of age. A 
smaller number (i5%) delivered the first calf beyond the age of 60 months. Of the heifers, that 
calved fur the first time between 36 all<' 60 months of age, approximately 65% (55% of total 
heifers) calvpd between 3 6 and 48 ,nonths of age. 

Calving to first service (CFS) interval 

The above parameter, when estimated as the interval fiom calving to first detected oestrus or first 
service, ranged from 12 days to 453 days with a mean value of 134.2k93.2 days. Calving to first 
service interval was affected by the month of calving (Table 5). Mean length of caEving to first 
service period was lowest (41 53~14.4 days) in cows that calved during the November to January 
period, while it was longest in cows that calved during February, March (185.9189.1 days) and 
August ( I  53.94101.2 days). In about 40% of all the cows that calved during the study period, the 
calvirg to first service iqterval was < 50 days, while another 30% had the first service after 
calving within 61 to 180 days postpartum. In the remaining 30%, the length of calving to first 
service was >I80 days (Figure 2). Of the cows that were served less than 60 days postpartum, 
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40% consisted of all the cows that calved during November, December and January when the 
ambient temperature was low. 

Correlation and regression analysis of calving to first service period with AT, RH and RF 
revealed that the calving to first service period was significantly correlated to maximum ambient 
temperature (r=0.74, p<0.05), humidity (r=-0.65, p<0.05) and RF (F-0.36; pX.05) irr the month 
of calving. Calving to first service interval was longest in cows that calved in February and 
March, when the ambient temperature was highest and RF was lov-rest. Sin-ilarly for cows that 
calved in August, when the AT was modest but RF was lower, the calving to first service intenla! 
was considerably high. An interesting negative correlation existed between birth veight of calves 
and calving to first service period (F-0.61, p<0.05). The regression equations depicting the above 
significant linear relationships are given in Figures 3a, b and c. 

Table 5. Month of calving and respective calving to first service (CFS) interval 

Month of calving CFS (Days) - .- Mean of 3 months 
February 194.2 
March 203.2 1 85.9b 
April 11 1.4 

May 90.4 
June 101.4 100.6' 
July 106.1 
August 153.9 
September 1 17.3 134.3' 
October 120.5 
November 44.0 
December 40.6 41.5a 

a ; ;yarYL7 - - -- - 39.5 -- - - 
values In a column that differ at p<0.05 

D a y s  Post partum 

Fig. 2. Percent cows served versus days postpartum 
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Fig. 3a. Relationship between rainfall and calving to first service (CFS) 
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Fig. 3b. Relationship between mean monthly maximum AT (MAT) and calving to first service (CFS) 

-' CFS = 23.3 MAT - 636 @=55.4; N . 0 1 )  ** 

L 

Y 
IA g l s l  .+ 5 loo 
0 + 
t&o 5J - * + . - 
-r 0 I-- -- , -,-T--,-7 a 
0 

27 28 29 30 31 32 33 
Birth we@ tkg) 

Fig. 3c. Relationship between birth weight and calving to first service 
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First service conception rate 

According to the available records on dates of service of cows, the first service sonception zie 
was 54%. No significant relationshir, could be derived from the correlation analysis betweer i n ?  
first service conception rate and environaental pzrmeters. 

Gestation length 

Gestation length as estimated from the period fi-om ,ast service to subsequent calving was 328i 
75.9 days. No significant liffersnce ir gestation iength attributed to the sex of the calf could be 
detectea. 

The overal: calving interval was 465.24~149.0 days. This parameter declined (p<0.05) from the 
first calving to the fourth calving.   he calving intervals of cows following the first, second, third 
and fourth calvings were 529.1i152.5 days, 4313~136.3 days, 428i121.0 days and 354i20.5 days, 
respectively. About 10.8% of all the cows had calving interval of more than 365 days, while 
another 10% of cows experienced calving intervals of more than 572 days. The majority (59.3%) 
oC the cows had a calving interval of between 420-5 10 days. No significant relationship could be 
detected either between calving interval and calving to first service interval, or between calving 
interval and environmental parameters during the month of calving. 

Calving to conception interval 

The length of the calving to conception interval as estimated by the difference between estimated 
calving interval and gestation length was found to be 137 h37.5 days, which was not different 
(p>0.05) from the calving to first service interval (134h21.3 days), suggesting a very high first 
service conception rate. However, when estimated as the difference between estimated calving 
interval and standard gestation length of the buffalo (31025 days), the interval from calving to 
conception amounted to 155.5k 56.5 days suggesting a lower first service conception rate. 

Lactation 

Lactation length varied between 195 to 330 days, giving a total milk yield of 1044.5 to 1883.6 kg. 
Daily milk yield varied between 4.88 and 7.39 kg during different stages of lactation to achieve an 
overall mean value of 6.0 kg/day. Highest daily milk yield (7.73 kg) was recorded in the third 
month of the second lactation. 

Lactation milk yield and lactation length declined with parity. Mean lactation milk yield and 
lactation length of the first, second, third and fourth lactations were 1870. 1i658J .7 kg in 
326.0i89.7 days, 1697.1i638.0 kg in 276rt73.3 days, 1685i645.1 kg in 272h62.4 days and 1078 
k 61 0.9 kg in 202144.8 days, respectively (Figure 4). 

Discussion 

The oimodal pattern of RF, high AT and RH during the study 3eriod represents tke typical 
climatic conditions prevailing in the dry zone of Sri Lanka. Birth weight of calves was greater 
than 'he average birth weights recorded for Murrah, Surti and indigenous buffaloes under Sri 
Lankan condition. Birth weight of an animal is determined by breed as well as environmental 
factors which affect maternal nutrition and thereby the growth rate of the foetus. The affect of the 
environment on foetal growth via maternal nutrition is most pronounced during the last trimester 
of pregnancy, when the foetal growth is at its maximum. Heat stress impairs maternal as well as 
foetal nutrition. The negative relztionship of 5irth weight with mean of the maximum daily AT of 
the month of birth suggests the detrimental effects of high environmental temperzture conditions 



on foetal nutrition during preparturn. The negative relationship exhibited between birth weight of 
calves and subsequent calving to first service interval suggests that adverse environmental 
conditions not only lower the birth weight of calves, but also increase the calving to first service 
interval. 

The positive correlations of RF of the previous month and that of two months before birth witk, 
the birth weight suggest enhancement of the foetal growth rate during last two months of 
pregnancy when these two months coincided with the rainy months. Rainfall affects the nutrition 
of all the animals (pregnant and non-pregna-it) as the primary and major component of their feed 
comprised of naturally avai-able forage, of which the quantity and quality depend on RF, In 
addition, KF alleviates heat load on animals as evidenced by the negative relationship between 
maximum AT and RF of the month. All these beneficial effects of RF are reflected by the positive 
correlations detected between RF during the two months preceding calving and birth weight of 
calves 

Results on superior body weight gain experienced by calves that were heavier at birth compared 
to those that were lighter at birtn, agrees with the norm. The reduction of body weight gain from 3 
to 6 months of age in both sexes suggest w e p i n g  stress, and implicate the necessity for 
improvement of nutritional management at weaning and adopting proper weaning procedures for 
calves. The significantly superior body weight gain in male animals from 9 months of age till 12 
months of age could be attributed to the better feeding management practices adopted for these 
animals eAer being selected for future stud Durposes. The decline in body weight gain in heifers 
from 18 to 24 months of age suggests sub-optimal nourishment and management received by 
these hei5rs, which do no contribute to any economic benefit in terms of farm income or milk 
yield. 

The majority of the heifers included in this study f88%), calved for the first time between 36 and 
60 months of age, while the majority of this group (65%) delivered the first calf between 36 and 
48 months of age, resulting a mean age at first calving of 46.5k8.4 months. Age at first calving is 
a function of the age at puberty, which in turn is yeached at an age when the heifer reaches a 
threshold body weight. Growth rate depends on birth weight and plane of nutrition. Based on the 
results, improvement of plane c f  nutrition for heifers in the age group of 18 to 24 months is 
suggested as a means of advancing age at puberty and thereby the age at first calving to enhance 
reproductive performance of these animals. 

Calving to first service interval -was affected by /.T, RH and FLF, The relationships implicate 
calvifig to first service interval as being subjected to thermal stress and the alleviation of thermal 
stress through reduction of heat load by RF. Hence ai15viating thermal stress during postpartu;n 
would shorten the interval from calving TO first oestrus. However, the lack of a relationship 
between calving to first service interval with calving interval and the poor first service conception 
rate, suggests that heat stress alleviation alone will not bring the desired improvements in 
reproductive ~erformance and that it should be accompanied by improvements in other factors, 
such as timing of insemination and plane of nctrition, which affect the first service conception 
rate. Reduction of calving to first service interval with parity suggests that the time taken for 
resumption of postpartum ovarian activity declin8;s as the animals mature. Resumption of  
postpartum ovarian activity depends on reactivatior. of hypothalamic pituitary ovarian axis, 
Reactivation of the axis depends on both metabolic and environmental cues. The delay in 
resumption of postpartum ovarian activity in first calf heifers suggests greater importance of 
internal metabolic cues for these growing animals during this period. Since the metabolic cues 
and hormonal brlance primarily depend on nutrition, these results implicate the importance of 
providing an improved plane of nutrition for these first calf heifers, which are still growing. 

The observed decline in lactation performance with parity in these cows was contEary to the 
expectations. Lactation milk yield is a function of secretary tissue amount and efficiency of milk 
biosynthesis. Amount of secreury tissue in the mammary gland increases with age and lactation 
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up to the third lactation, while the efficiency of milk biosynthesis primarily depends on available 
nutrients. The observed decline in lactation performance with parity suggests a decline in nutrition 
and/or management of these animals after the first lactation. 

3 2 4 6 8 10 12 
No, of month in milk 

1st lactation 2nd lactation 3rd 1actat:on 

Fig. 4. Mean daily milk yield of Nilli Xavi buffalo in different lactations 

Conclusion 

The results of this study indicate that, among the production aqd rp,production parameters that 
were investigated, birth weight of calves, calving to first service interval and percentage 
conception are more sensitive to the changes in ambient environmental conditions, especially of 
maximum AT, night-time RH and RF, suggesting the peri-partum period to be the most 
vulnerable stage, to the direct and indirect effects of adverse environmental conditions. Adverse 
thermai ambient conditions during pre-partum reduce birth weight of calves and extend calving to 
first service interval in COWS. Alleviating thermal stress during this critical period reverses these 
effects. Existing weaning practices of calves should be improved to avoid weaning stress, and 
nutrition of 18-24 month old heifers need to be improved to enhance growth and reproduction 
performance. Improvement of the plane of nutrition of first calf heifers warrants attention to 
reduce their calving to first service interval. Immediate attention should be paid to improve the 
nutrition and management of lactating cows, to minimize the decline in lactation performance 
with advancing parity. 
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SYMPOSIUM - 111 

Reproduction 

Discussion 

Q. A. Borghese - Yow is it that yorr conception rates are low, because 3 days after the 
removal of the implant heat signs can be seen and you get high conception rates. 

A. B.M.A. Oswin Perera - The co~ditions are very difficult under our sitbations. For 
example, when you collect a goul; of buffaloes, they are already stressed. They 3ave to be 
treated. They are not used to being handled by strange people wrio have come to do this 
procedure. They have *lever been inseminated before. If you try to inseminate a buffaio tbat is not 
used to AI, you will find they are very distressed. So that all adds up this. It is not the technology, 
but how you handle it under these conditions. 

Comment: M.R. Jainudeen - With regard to identification of animals that are presented for 
PRTD, generally in our countries, when the farmer orings the ani:na! for the second time, he may 
not remember which animal he brought the first time. So you may get a different animal at times. I 

A. B.M.A. Oswin Perera - Sometimes we try to use a method that has been developed under 
very uniform conditions, but in the field under a different set of conditions one may not get the 
desired results. It is inportant to remember that sometimes animals are herded and kept without 
even feed and water for 5-6 hours in the sun. If you check their rectal temperature, you will fird 
that they are stressed. 

Q. M.R. Jainudeen - You were talking about difficulties in oestrus dete~tion. '-here are now 
a new technology, sperm encapsulation which has been developed in Nevi Zea1rr.a. They can 
keep the sperm in a capsule that will release the sperm slowly. So, we don't have to be very 
accurate. 

Q. R.S. Navaratnam - There is a lot of importance given to oestrus synchronisation on a 
large scale. I don't know that situation in other countries, but if you go on doing this on a large 
scale, will not be selecting animals that are poor manifestors of heat? We will then be unwittingly 
or deliberately selecting such animals. Can I have your comments please? 

. B.M.A. Oswin Perera - If it has to do with cattle, it is possible that tllis can 'lappen, under 
the hand mating system, where the farmer does the detecting of heat. Then you may go and pic': 
up the animals wher~,  the farmers could not detect heat. It may be an anima: that by nature shows 
little manifestations of heat. That is possible. But, if it is under the extensive system, the bull will 
detect heat without a problem. So, if it is a natural mating system, you will be selecting animals 
that are cycling after the bull is removed. LJrlder those situations, the difficulty is that you will be 
selective non-cycling anirnais, because they are the ones that are non-pregnant. You may find that 
there is something in the ovary that looks like a corpus luteum, which you think is a corpus 
luteum. But the animal is really non-cycling, This is why very often animal that are non cycling 
are inseminated , With buffaloes, if it is a hand mating system, generally buffaloes show less 
signs of heat and one must first think carefully what the objectives are. If it is to breed as many 
animals as possible, yes this can be done, but it may cause other problems. 

Q. P. Skunmun - You said that the buffalo is a seasonal breeder. 



A. B.M.A. Oswin Perera - I was referring to those countries where there is seasonali.ty of 
breeding occurs. I didn't mean that buffaloes are seasonal breeders, Iike sheep due to the 
photoperiod, nutrition and climate. in such situations, oestrus synchronisation should be done in 
the season when the buffaloes are breeding and not when animals are not in season. 

Q. S.C. Kaduwela - In NLDB Farms, we use this intra-vaginal device on buffalo heifers. We 
selected 10 animals of which 9 conceived, but with cows only 14 out of 28 cows conceived on the 
first occasion. 

A. B.M.A, Oswin Perera - The number is difficult to give as a percentage. Most likely, your 
heifers were cycling well and in good condition. 

Comment: 02. Dhanda - Our experience is that there is not much difference. This depends 
on the efficiency of the technician. We do 100% A1 on buffaloes and the conception rate is 56%, 
which is comparable to cattle. Secondly, you made an observation regarding mating oestrus 
breeding buffaloes. May be the percentage is very low because in the case of cows, and cross- 
brads the metoestrus breeding is very high, i have not come across any buffaloes where this 
phenomenon is present. What are your observations? 

A. B.M.A. Oswin Perera - In studies carried out in Italy, it was shown that the optimum time 
for A1 in buffaloes was later than that in the cow. With regard to metoestrus breeding, I can't 
quote any published results, but we do see it. 
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Abstract: The medical and veterinary consequences of ~iral infection of man and animals have altered our 
history and have resulted in extraordrnary ?:forts on the part of virologists to study, understand and 
eradicate these agents. Tirtually all living organisms when studied carefully have viral parasites. Buffaloes 
are no exception. 

In  spite of the importance of the buffalo as a farm animal in Asia, there is a paucity of information 
concerning their viral infectioils. Only a few viral infections of buffaloes have been described ir, the 
literature; foot and moutb disease, buffalo pox, rabies and infectious bovine rhinotracheitis amongst thern. 
One of the major drawbacks in increasing the buffalo population in Sri Lanka is the high calf mortality rate, 
which 1s mainly aitributed to respiratory and enteric diseases. Rotaviruses are the major viral pathugens 
causing diarrhoeas in infants, children of 5 months to 2 years of age, and in calves, lambs and piglets. In Sri 
Lanka too, rotavirus Infection amongst buffalo calves and their association with diarrhoea have been 
established in 1938 

Buffaloes like many other rLTT1nants are hosts for members of the herpesvirus family A wide range of 
disease syndromes is assoc~ated with irfections with these agents. Unlike many other viruses, herpesviruses 
are not erad~cated from the host follo~.ving primary. infection. They can establish latency in neuronal cells cry 

in lymphoid cells. Various stimuli can provoke reactivation of latency leading to the reestablishment of 
lytic vlrus replication. In addition to the rotavirus tnfection of buffaloes, the pathogenic potential o i  an 
alpha herpesv~rus; bovine herpesvirus type-1 (BHV-I), and a gamma herpesvirus; malignant catarrhal fever 
(MCF) vlrus in r5lation to the features of hcwo1ogous huwan herpes\r;l-l~s infections will be discussed 

Key words: Buffalo viruses, rotaviruses. herpe:vir..ss 

Introiuction 

Viruses have been associated with infections of man and animals for millions of years and they 
continue to cause disease outbreaks leading t o  mortality and morbidity. Small pox, the scourge of 
mankind during the middle ages was eventually controlled in the 1 9 ~ ~  century by the 'new' 
process of vaccination, which is now the principal method for controlling many infectiol~s 
diseases. 

Although many viral diseases such as rabies, poliomyelitis were known to mankind for thousands 
of years, the identification of a virus as  a disease agent in animals was first established in 1898, 
with the discovery of the foot and mouth disease (FMD) virus. In 1901, yellow fevsr virus was 
discovered as the first human virus (Levine 1995). Since then, many v ix se s  causing human and 
arimal diseases have been discovered and mechanisms for controlling such infections have been 
devised due to the extraordinary efforts on the part of viiologists to study, and eventually 
eradicate these agents. Although most of these viruses only infect either man or only one species 
of animal hosts there are several viruses that infect both man and animals frequently causing the 
clinical disease in humans. These zoonotic infections are now frequently observed w ~ t h  now 
additions to existing infections in the form of emerging or  re-emerging i-tfections. This has arisen 
as a result of loss of animal or vector habitats due t o  urbanisation, deforestation and other man 
made changes t o  the environment. Hantaviruses responsible for adult respiratory distress 
syndrome in the USA, Japanese encephalitis virus, Nipah virus (a  paramyxovirus) encephalitis in 
MaIaysia and bat lyssavirus rabies in Australia are examples of recent or resrargent zoonotic viral 
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d~seases. Therefore, understanding the natural cycle of animal viruses, whether they are from 
birds, pigs, rodents or from buffaloes provides an important foundation for the global surveillance 
of emergent infections. 

In spite of the importance of the buffalo as a farm animal in Asia, there is a paucity of information 
concerning their viral infections. Only a few viral infections of the buffalo have been described in 
the literatl~re e.g. FMD, buffalo pox, rabies and infectious 5ovin~: rhinotracheitis amongst them 
(Sunil-Chandra, 1988; Siriwardene, et al., 1999). Two of the major drawbacks in increasing the 
buffalo population in Sri Lanka is high calf mortality and reproductive disorders (de Silva, et al., 
1985). Studies in Sri Lanka and in India have shown that buffalo calf mortality is an important 
problem and enterltis is one of the major conditions contributing to high mortality and calf 
wastage (Kai, et ul., 1932; Srivastava and Sharma, 1983; Bhullar and Tiwana, 1985; de Silva, et 
ui., 1985 and Subasinghe, 1986). This review aims to highlight the nature of rotavirus and 
herpesvirus infections of buffaloes in relation to transmission, pathogenesis and immune 
responses. 

Buffalo Rotavirl~ses 

Rotaviruses are the major viral pathogens causing diarrhoea in infants, children of 6 montiis to 2 
years of age and in calves, Iambs and piglets. Amongst the viral aetiologies of diarrhoeas, the 
group A or typical rotaviruses are considered the most important (Bridger 1980; Butler, 1984). 
These viruses have a genome of 1 1  segments of double stranded RNA, which can be readily 
separated by polyacrylamide gel electrophoresis. The wheel-like appearance of the double shelled 
virus particles seen by electron microscopy is diagnostic (Desselberger, 1998). Classification of 
rotaviruses is based on the antigenic characteristic of the virus and its genomic composition. 
Groups A-E can be differentiated according to the antigenic specificities o r  the inner capsid 
proteln VP6 with polyclonal and monoclonal antibodies. Within the group A rotaviruses, 
subgroups I, 11, I+II, non I and non I 1  are classified according to exclusive reactiviti:~ of two VP 6 
monoclonal antibodies (Grsenberg, et a l ,  1983). The serotyping and genotyping of rotaviruses 
within the group A is determined by cross neutralisation and by sequence comparison respectively 
(Desselberger, 1998). Recently, a double classification system has been sstablished for rotaviruses 
that differentiate G types (gljcoprotein VP7 genotype of the virus) and P types (protease sensitive 
virus protein genotype of the v~rus). It is known that all G types can be differentiated into 
serotypes but not all P types. At present there are 14 G types and around 19 P types identified, 
indicating an extenslve genomic diversity amongst the group A rotaviruses (Estes, 1996). 

In an effort to investigate the aetiology of buffalo calf diarrhoea in Sri Lanka in 1988, diarrhoeic 
laecal samples of buffalo calves located in different Preas of the island were screened by antigen 
capture E1,JSA for the presence of rotavirus antigens (Suzil-Chandra and Mahalingam, 1994a, 
1994b, 1995). This study clearly established for the first time the association of rotavirus with 
buffalo calf diarrhoeas in Sri Lanka. The association of rotaviruses with diarrhoeas in buffalo 
calves has also been reported in India and Bulgaria. (Singh, et al., 1985; Mittal, et al., 1986 and 
Muniappa, et al., 1987). 

Buffalo rntaviruses detected from clinical specimens belonged to the group A rotaviruses, as 
determined by the antigen capture ELlSA using group A specific hyperimmune antisera raised on 
rabbits and guinea pigs (Beards, 1984; Sunil-Chandra, 1988; Sunil-Chandra and Mahalingam., 
1994). In order to determine the subgroup specificity of these buffalo rotavirus strains, all positive 
clinicai specimens and tissue culture isolates (in MA 104 cells) from antigen positive buffalo 
diarrhoeic specimens were tested by the antigen capture ELISA using monoclonal antibodies 
(mouse Mabs AF255 & AF631) specific for subgroup I and I1 antigens (Sunil-Chandra and 
Mahalingam, 1996). However, further characterisation of the buffalo rotaviruses into G and P 
types is yet to be carried out in o-der to understand their epidemiology in Sri Lanka, in relation to 
the rotaviruses circulating amongst humans and other domestic animals. 



Transmission and pathogenesis of rotaviruses 

Rotaviruses are transmitted via the faeca; oral route and infect small intestine following oral 
Ingest~on. Multiplication of the vlrus occu-s in the mature epithelial cells at the tips of the villi of 
the snlall intestine. Cell death and desquamation of the infected villi cells results in reduced 
digestion, malabsorption of nutrients and villous atropy. This is followed by reactive crypt cell 
hyperplasia accompaniea by increased secretion, which contributes to the severity of diarrhoea 
(Desselberger, 1998). After a period of 1-2 days incubation, rotavirus infection in infants and 
children, leads +o a sudden onset of illness characterised with watery diarrhoea, vomiting 81d 
dehydration. 

A stuc~y on an outbrea < of rotavirus infection in a herd of buffalo calves in Sri Lanka (Sunil- 
Chandra and Mahalingam, 199.9, revealed that the pattern of infection and the disease is simiiar 
to that described in h~lmans and other farm animals, with the exception that vomiting was not a 
feature of the illness observed in buffalo caves. Furthermore, the severity of clinical signs of 
infccted buffalo calves varied from mild to severe diarrhoea. In this outbreak, conditions such as 
overcrowding and prolonged housing of calves were found to be the factors increasing the chance 
of faecal contamination within the calf pen which may have led to the spread of disease (Suni1- 
Chandra and Mahalingam, 1995). 

Immune response to rotaviruses 

After primary infection, a serotype specific humoral immune response is elicited leading to partial 
protection against subsequent heterotypic infections. The exact degree of protection is not well 
determined but antibodies of IgA subclass present in the colostrum and milk appear to be the most 
important. The exact role of rotavirus specific cell mediated immune responses is not known 
(Desselberger, 1998). 

Studies under natural farm conditions in Sri Lanka, on the acquisition and decline of maternal 
anti-rolaviral antibodies in buffalo calves via colostrum, showed that most of the calves had anti- 
rotaviral antibodies of maternal origin. However, the protective role of these antibodies in that 
particular study was not determined (Sunil-Chandra and Mahalingam, 1995). 

Herpesviruses 

Herpesviruses are linear double stranded DNA viruses of eukaryotes comprising more than 80 
distinct viruses isolated from a wide variety of animal species including man, and are responsible 
for a variety of important diseases (Roizman, 1985). Buffaloes like many other ruminants are host 
members of the herpesvirus family. A wide range of disease syndromes is associated with 
infection with these agents. On the basis of distinctive biological properties such as features of 
virus replication, cytopathology and characteristics of acute and latent infections, the family of 
herpesviruses are classified into three broad groups namely; alpha herpesviruses, beta 
herpesviruses and gamma herpesviruses (Minspn, 1989; Roizman, et al., 1995). Known ruminant 
herpesviruses belong to either alpha- or gamma- herpesviruses (Sunil-Chandra, 1991). Unlike 
many other virus fimilies herpesviruses are not eradicated from the host following the primary 
infection. They can establish latency in nevTonai cells or lymphoid cells. Various stimuli can 
provoke reactivation from latency leading to the re-eskblishw=nt of ~ytic virus replication. 

Alpha herpesviruses 

Alphaherpesviruses typically cause mild primary infections of epithelial cells of skin, eyes, oral 
cavity, respiratory an6 genital tracts of the primary host species characterised by productive virus 
replication leading to the lysis of infected cells. They are also capable of causing severe infections 
in their natural host species and can produce generalised fatal infections among neonates or 
irnmunocompromised adults. Following primary infection alpha herpesviruses persist in a lztent 



form, which may give rise to periodic recurrence. The sites of the latency appear to be neurons of 
the sensory ganglia innervating the site of the primary infection (Wildy, e: a!. 1982; Honess, 
1984). The human counterparts of the alpha herpesviruses i~c lude  herpes simplex virus (HSV -1 
&-21, responsible for gingivostomatitis, cold sores ard  gsnital herpes, anc; variceila zoster virus 
(VZV) which causes chicken pox and shingks. 

Gamma herpesviruses 

Gamma herpesviruses are represented by the causative agent of infectious mononucleosis; 
Epstein-Barr virus in humans which is associated with Burkitt's lymphoma ar?d rasopharyngeal 
carcinoma. These viruses are generally termed lymphr?tropic viruses and have the capcity to 
establish latency in lymphocytes. They can producr, a lymphoproliferative disease in the infec:sd 
host and can efficiently immortalise lymphocqces infected in v i m .  Or? the basis of .?./ailable data 
and for convenience, gamma herpesvirlises are subdivided into lymgkocryptovirus (gw-ma-1) 
and rhadinovirus (gamma-2) familie. (Honess, 1984). 

Diseases associated with buffalo herpesviruses 

Infectious bovine rhinotracheitis (IBR) /infectious pustular vulvovaginifis (ZPV 

Infectioi~s Bovine rhinotracheitis caused by bovine herpesvirus-1 (BHV-1) is e worldwic'e acute, 
contagious disease of bovines characterised by fever, general depression, drop in milk production 
and emaciation. Nasal and tracheal turbinates are primarily involved and bronchopneumonia may 
result frclm secondary bacterial infection. Abortion of infected pregnant females, 
meningoencephalitis in young calves, conjunctivitis and mastitis rr-ay be observed in infected 
animals Another syndrome caused by a BHV-I virus is infectious pustular vulvovaginits (IPV) 
and balanoprosthitis in bulls. infection with IPV strain of BHV-1 I'eads to pustular lesions of the 
gen~tal tract of males and females. As with the homologous human herpes ~ i r ~ s e s ,  BHV-I also 
produces a latent infection in neuronal cells whereby the latent virus can be reactivated. Cattle are 
the principal reservoirs of BHV-I but serologic studies in other ruminants representing families; 
Bovidae, <:erv~dae and Giraffidae and Suidae have been reported. 

In Australia, alpha herpesviruses from buffaloes have been differentiated from BHV-I o r  viral 
DNA restriction profiles, indicating alphaherpesvirus of buffaloes may be a distinct species 
(Engels and Ackermann, 1996). Although much of the knowledge on alpha herpesvirus infections 
come from the studies on human viruses, there a;e many questions relating to buffalo herpesvirus 
infections that need to be addressed, including their isolation, characterisation, and pathogenesis. 

P,~though respiratory diseases and reproductive disorders are major factors contributing to the 
decrease of buffalo population in Sri Lanka, there have bpen no studies carried out to elucidate the 
prevalence and the pathogenic potential of BHV-1 or other types of herpesviruses of buffaloes. 

Transmission and pathogenesis of BHV-I 

BHV-I infections are easily transmitted by aerosol or by close contact from one animal to other 
due to large quantities of virus shed in respiratory, ocular and reproductive secretions of infected 
animals. Shedding by latently infected animals does not seem to be as abundant or long lasting as 
during acute stage. BHV-1 can also be transmitted by contaminated serner; dcring artificial 
insernination of cows or milking machine cups. After primary infection the virus multiplies at the 
portal of entry in the mucosa of the respiratory svd genital tracts. The virus is then transported by 
monocytss and probably by other white blood cells via the blood stream to the target organs such 
as central nervous system, digestive tract, the foetus, or the udder. Another route of virus spread 
occurs through peripheral nerves similar to the pattern of HSV and VZV infections of man. 
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Entry of the virus to the peripheral nervous system occurs following the replication at the local 
site of infection leading to the establishment of virus latency in the neurones of the trigeminal and 
sacral ganglia. Virus is then maintained m the latent stete by the host immune system. 
Reactivation of the latent virus may occur either spontaneously or induced by natural or artificial 
stimuli suc:~ as transport, parturition and immunsuppressive treatments, such as dexamethasone. 

Malignant catarrhal fever (MCF) in the water buffalo {Bubalus bubalis) 

Malignant catarrhal fever is a dramatic, fatal disease affecting many species of bovidae including 
buffaloes characterised by a wide spread lymphoproliferation and degenerative changes affecting 
most tissues (Reid and Buxton, 1989). There are several different gamma herpesviruses that can 
induce MCF but only one designated alcelaphine herpesvirus-1 (AHV-1) has been characteribed 
to any extent (Reid and Buxton, 1989). AHV-1 causes an inapparent infection of its natural host, 
the wildebeest (Connochaetes taurinus), but the transmission of virus from these carrier animals to 
susceptible ruminants results in development of MCF which leads to severe economic losses in 
Africa and in Zoological gardens. 

In addition to the wildebeest associated MCF in Afiica, a sheep associated form (SA-MCF) 
identified as ovine herpesvirus--2 (OW-2) causes a worldwide problem of MCF in cattle, 
buffaloes and other susceptible ruminants. Furthermore, seroepidemiological studies implicate 
goats as possible carriers of SA-MCF (Bridgen, 1991 ; Sunil-Chandra, 1991). 

SA-MCF is of major economic concern in Indonesia where susceptible animals such as Balinese 
cattle (Bos javanicus) and water buffalo (Bubalus bubalis), the main source of draught power and 
income to small farmers, are commonly housed together with sheep and goats. It is becoming 
clear that 2omestic buffalo and Bali cattle are Very much more susceptible to SA form of MCF 
and therefore, the MCF has become a serious animal disease problem in this region 

Transmission and pathogenesis of MCF 

The disease occurs in two different circumstances following direct or indirect contact either with, 
wildebeest or with sheep. Both forms of this virus appear to be transmitted at high frequency 
during wildebeest calving or during lambing season (Fenner, eta!., 1987). MCF due to infection 
5om wildebeest is not restricted to areas in Africa, but also occurs in zoological parks worldwide 
where these species are kept. Transmission from wildebeest to susceptible ruminants ocrcur 
following close contact, but reports from zoological parks indicate the occurrence of aerosol 
spread. 

In contrast to t k  wildebeest associated form, the SA form is distributed worldwide and probably 
occurs where cattle and sheep are reared. The disease normaliy occurs sporadically affecting only 
few animals at a time although the incidence of infected cattle and buffaloes is now more 
commoh (Reed and Buxton, 1989). As with MCF induced by AHV-I, intimate contact between 
sheep and target species is no: always required for the SA agent transmission. For example a 
recent study into the death of 50 water buffaloes was suspected to be SA-MCF, but the flock of 
lambing sheep was over 30 metres away. This strongly suggests that the virus is efficiently 
transmitted via aerosol. 

The pathogenesis of MCF appears to be due to the result from virus-induced proliferation and 
dysfunction of T lymphocytes (Reid and Buxton, 1984). Lymphoblastoid cell lines have been 
propagated from animals affected with MCF and some of them can transmit MCF to susceptible 
animals (Wiyono, et al., 1994). Although it appears that B lymphocytes arc the site of the latent 
3A-MCF agent (OHV-2), in the natural host, there is a controversy on the identification of sites 
virus latency in susceptible animals (Wiyono, et al., 1984; Baxter, 1997). The two main 
components of the pathology of MCF are T lymphocytes proliferation and tissue ~ecrosis 
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including terminal destruction of lymphoid tissues, spithelial surfaces, blood vessels and other 
tissues (Reed and Buxton, 1989). 

Immune response to herpesviruses 

The primary infection stimulates a strong humoral and cell mediated immune response. In the 
case of BHV-I, although the neutralising antibodies are able to  eliminate free virus, the cell- 
mediated immune responses appeared t o  be important for the recovery f-om the disease (Engels 
and Ackermann, 1996). Despite the strong immune respcnse during initial infection, the infected 
animals are unable to eliminate the virus. BHV-1 evades the effectors of the immune system as  
they migrate back to  the peripheral tissues along the qerve tracts. The effectiveness of the humoral 
immune system is thus reduced. 

In the case of MCF, humoral a n t 2 o d j  respoi.ses can be detected but directed at  only a few of the 
viral epitopes. Cattle infected with AHV- 1 develop non-neutralisi3g and neutralising antibodies 
detected occasionally during the final stage o f  the disease. The sig:ificance o f  these antibodies is 
not clear. In contrast, cell mediated immune responses are suggested to  be involved in protective 
immunity and in the pathogenesis of lymphoproliferative disease (Reid and Buxton, 1989; Engels 
and Ackermann, 1996). 

Diseases of buffaloes due to  virus infection remain largely unexplained. In view of  the economic 
importance of this animal more detailed investigations are required for key diseases caused by 
viruses. Molecular tools used widely in diagnosing and studying human herpesvirus infections 
should now be common place in laboratories studying buffalo diseases. It is only through a 
concentrated effort by the research community and funding agencies that progress on preventing 
these diseases o f  buffaloes will be possible. 
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Abstract: This study was undertaken to determine t?e prevalence of Cryptosporidium infection in the 
Northwestern Province of Sri Lanka where diarrhoea is recognized as an important cl~nical entity in b;ffalo 
calves. A hrther objective was to ascertain whether the buffalo could be a reservoir ?f human 
cryptosporidiosis reported in children in the 2rovince. 

Faecal samples were collected fi-om 110 buffalo calves (either sex, below 6 r c - ~ ~ h s  of age, mixed breeds) 
managed in three institiyt'anal farms O.li1:er-yeratiya, 37; Melsiripura, 53; ~'Tarmga la, 20). Cryptospor~dizdm 
oocysts were isolated fi-om faeces using the Sheather's sucrose f oatation technique followed by 
identification of the paras'te using "e modified Ziehl Neelsen (MZN) tech-iiqtle. :.he identity of parasitic 
oocysts was further confirr~ed by additional staining techniques that included Giemsa, nigrosin and the 
modified trichrome. 

The overall prevalence of the infection was 10 per cent ( I  1/1 10) however, the prevalence of the infection 
varied between fams. The Melsiripura farm had a prevalence of 19% (10153) while in Nikaweratiya it was 
2 7%. Cryptosporidrum oocysts were not detected in animals fkom Narangalla. Of the 11 buffalo calves 
positive for the infection only one animal was diahrroiec, the others were asymptomatic. The findings of 
this study indicate a relative1;f high prevalence of Cryptosporrdlum infection in buffaloes and that this 
species should also be included as a potential animal reservoir for human cryptosporidiosis. Asymptomatic 
an~mals excreting oocysts of "ptotosporidia have been reported fi-2m other ruminants. They may have an 
Impact on the epidemiology of the disease in both man and animals. 

Key words: Cryptosporidlum infection, buffalo, zoonotic disease 

Introduction 

Diarrhoea caused by infectious agents is recognized as one of  the most important causes cf 
morbidity and mortality in buffaloes, particularly in calves (Cockrill, 1974). Common aetiological 
a g e ~ t s  responsible for infectious diarrhoea in buffaloes include parasites such as Toxocar.;, 
vitulorun? and Eimeria spp, bacteria, especially Sulrnon~lla spp and E. caii and viruses t k t  
include rota and corona viruses (Adlakha and Sharrna, 1992). The protozoan parasite, 
Cryptosporidiurn has r o w  come +o be recognized as  an important enteropathogen responsible for 
diarrhoea in a wicle variety of farm animals a s  well as  in immunocompetent a7d 
imtr~nocompromised h u ~ a n s  ( Z u ~ e n t  and Garcia, 199 1). 

Most reports relating to cryptosporidiosis in farm animals are based on studies in cattle. The +:st 
description o f  cryptosporidiosis in cattle was made in the early 1970s where it was found to be 
associatsd with chronic diarrhoea and debilitation in an eight-month old calf (Panciera et al, 
197 1 ) .  Following this report, several workers have incriminated Cryptosporidium to  be associated 
with neonatal calf diarrhoea and many of  these occurrences have been mixed infections with 
enteropatbogenic bacteria and viruses (Snodgrass et a/. 1980). However, Tzipori et al. (1980) 
showed Cryptosporidium to  be the only demonstrable cause of enteritis in a natural outbreak of 
calf diarrhoea. Further the role of Cryptosporidium as a primary pathogen in diarrhoea was ciearly 
shown in a series of experiments conducted by Tzipori el a1 (1 98 1) and Anderson (1984). 



Cryptosporldium znfectzon in bufalo calves 

Although cryptosporidiosis in buffaloes was ieported much later when compared to cattle, it is 
now recognized as an important enteropathogen responsible for diarrhoea and weight loss in this 
species (El-rahim, 1997; Galiero, 1999). Transmission of Crypfosporidiurn within and between 
host species is primarily through the faeco-oral route following ingestion of fully sporulated, 
environmentally resistant oocysts 2xcreted from clinically affected or asymptomatic carriers 
(Scott et al., 1995). Infected farm animals are known to excrete millions of oocysts in the faeces 
and to act as reservoirs of human infection (Smith and Rose, 1993). 

In Sri Lanka, cryptosporidis +as been identifiea in the faeces of calves (Eahirathan et al., 1987), 
dianhoeic children (Perera, 1388; Perera and Lucas, 1990; Mertens et al., 1990) and more 
recently, in goats (Noordeen et al., 2000). A survey on the causes of diarrhoea in children showed 
Cryptosporidium to be the ~ o s t  common parasite present in faeces of diarrheic children (Perera et 
a1 1999). The present study was designed to determine the prevalence of Ciyptosporidium in 
buffalo calves in the Northwestern province which has the highest buffdo populaton in the 
country and where cases of human cryptosporidiosis has been reported in children. 

Material and Methods 

One hundred and ten faecal samples collected from buffalo calves (mixed breed; below 6 months 
of age) managed in three institutional farms (Nikenveratiya, 37; Melsiripura, 53; Narangalla, 20) 
were examined. The faecal samples wer collected directly from the rectum, placed in separate 
polythene bags and brought to the labora d ory in a polystyrene box maintained at 4'C. 

The faecal samples were concentrated using a sucrose floatation technique in order to provide 
quantitative estimates of oocyst numbers. Briefly, 2 g of faeces was emulsified with 25 ml of 
distilled water and sieved through a strainer into a 50-ml centrifuge tube. Sheather's sucrose 
solution (sucrose 22688, phenol crystals 29.58, distilled water 1452mI) was added to the latter 
tube to make it up to a volume of 50-ml and then centrifuged for 10 min at 400g. The top 
meniscus (5 ml) was carefully aspirated and added to a second 50 ml tube containing distilled 
water and centrifuged for a further 10 min at 400g. The supernatant was discarded and the pellet 
was washed twice by resuspending it in 50-ml distilled water followed by centrifugation for 10 
min at 400g. After second centrifugation, the supernatmt was aspirated leaving 2 ml of the 
suspension at the bottom of the tube. A 10 yl aliquot of the suspension was spaced on a glass 
slide for the preparation of a thin smear. Air-dried, methanol fixed smears were stained using the 
modified Ziehl Neelsen (MZN) technique (Casemore, 1991). 

The total number of oocysts in the smear was counted under a microscope (x 1000). The number 
of oocysts per gram of faeces was calculated by modification oP the method described by Scott et 
al., [1995) for cattle, in that 2 g of faeces was used insteaci of 5 g. In addition to the MZN 
technique, Cryptosporidium was demonstrated by the Giernsa, nigrosine and modified trichrome 
staining prc2ed~res. 

Results 

 he cverall prevalence of the infection was 10% (1 111 10) however, the individual prevalence of 
the infection varied between farms' (Table 1). The Melsiripura farm hacl a prevalence of 19% 
(10153) while in Nikaweratiya it was 2.7%. Cryptosporidizcm oocysts were not detected in animals 
from Narangalla. Of the 11 buffalo calves positive for the infection only one animal was 
diahrroiec while the others were asymptomatic. 
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Table I .  Prevalence of Cryptosporidiurn in buffaloes in the three institutional farms 

Farms Number of animals Number positive Prevalence (%) 
examined 

Melsiripura 53 10 19 
Nikaweratiya 37 1 2.7 
Narangalla 20 0 0 
Overall 110 11 10 

Discussion 

In Sri Lanka, C~yptosporidium infection has been reported among humans, cattle calves and 
goats, but this is the first report of the infection in buffaloes. The results of the present stildy 
indicate that Cryptosporidium is a relatively common parasite among buffaloes in some of the 
institutional farms in the Northwestern Province. 

Bathirathan et al. (1987) in a preliminary study on the prevalence of Cryptosporidium in calves 
showed that 2 of the 26 animals examined in an institutional farm in the mid country were 
infected. Conversely, a more extensive study in goats conducted by Noordeen et ul. (2000) has 
shown that the prevalence varied from 32.6% in the dry zone to 2 1.4% in the wet zone, and that 
the overall prevalence of the infection in three zones, which included the intermediate zone was 
28.5%. In the present study, the overall prevalence of the infection in buffaloes is 10% and 
reflects the findings of only three institutional farms. Work is in progress to extend this survey to 
include other farms, especially the small holder buffalo farms where a majority of the animals in 
the province are managed. 

Studies in Italy have shown that the between farm prevalence of Cryptosporidium varies from 
23% and 38% (Galiero, 1999). Given the fact that transmission ofthe infection is through faecal- 
oral contamination, a high prevalence could be expected when animals are managed under an 
intensive system where the likelihood for the spread is high. In the present study, the between 
farm variation was marked, in that in one farm none of the animals were infected while in tlc: 
other, the prevalence was 19%. 

Infectious neonatal buffalo calf diarrhoea resulting in growth retardation, morbidity and mortality 
are identified as major constraints to buffalo production worldwide (Adlakha and Sharma, 1992). 
Investigations on the cause of diarrhoea in buffaloes have identified a variety of infectious agents, 
which include parasites, bacteria and viruses, and it is recognized that 'diarrhoea is a complex 
disease process often involving multiple aetiological agents. The protozoan parasite, 
Cryptosporidium has been identified as an important enteropathogen both in man and animals. 
Results of the present study showed that one of the 1 1  animals with diarrhoea showed 
Cryptosporidium. However, the evidence presented herein is insufficient to conclude whether 
Cryptosporidium is a primary pathogen, as other causes of diarrhoea were not examined. 

Of the 1 1  buffalo calves which were found to be infected with Cryptosporidium only one had 
diarrhoea while the others were found to be asymptomatic. Studies in goats (Noordeen et al., 
2000) as we\)  as in cattle (Scott et al., 1995) have shown that a large proportion of the infected 
animals are asymptomatic, while excreting oocyst in their faeces, and that these asymptomatic 
carriers could have a major impact on the epidemiology of the disease both in humans and buffalo 
calves. 

Human cryptosporidiosis is caused by Cryptosporidium parvum (Current and Garcia, 199 1) while 
cryptosporidiosjs in animals could result from Cryptosporidium pawum or Cryptosporidiz~~o 
;mu-is (Sraff et al. 1999). Immunofluoroscence methods using monoclonal antibodies and 
species-specific primers in PCR are used in the speciation of cryptospo-idia. These techqiques are 
being pursued to identify the iso1z:es lecovered from buffaloes in this study. 
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Studies in humans have Indicated that  cry~:osporidiosis is one  gf the  protozoan zoonosis in Sri 
Lanka and cattle calves a r s  thought t o  be  the animal reservoir 3f the  infection (Dissanaike, 1993). 
Recent studies have indicated that goats are  a potential source o f  human kfect ion (Noordeen et 
ul., 2000). The  findings reported herein indicate that the  buffalo could also Se an inwortant source 
o f  human cryptosporidiosis and the  close interaction between humans and buffaloes, especially in 
rice farming and associated activities provide an  opportunity for poss:ble transmissior o f  the 
infection from animal to  man. 
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Abstract: Recent experimental studies on haemorrhagic septicaemia in buffaloes using 1' multoczda 
serotype 6.B have incriminated endotoxin (LPS) to be responsible for the acute clinical course and death of 
infected animals. This observation had been pursued in the present study by evaluating the dose response to 
intl'avenous LPS extracted from the organ~sm 

Eleven Lanka buffalo calves (3-6 month of age; 45-72 kg body weight) of either sex were used in the 
experiment. The animals were d~vided into three grompc, Group 1 and 2 having with four animals each and 
Group 3 with three animals Animal: .n Sroup 1 and 2 received intravenous lipopolysaccharide (LPS) in I0 
ml of PBS at a dose rate of 3 :nd 5 pgkg body lve~ght, respectively. Group 3 animals received the same 
volume of PBS only by ths  intravenous route and served as controls. Clinical examinations were performed, 
and jugular blood wert collected for haematology 1 hr prior to and at the time of inoculation and also at 1 ,  
3, 6, 12, 24, 36, 48, 72, 95 and 120 hr post inoculation (pi). The LPS used in this experiment was extracted 
from a field isolate of the organlsm using the aqueous-phenol extraction method. 

The demeanour of LPS inoculated animals when expressed as duilness scores ranging fi-om 0 to 3 
depending on the degree of seventy. It was noted that the highest scores were present l to 3 hours, pi The 
salient clinical signs in these b~lffalo calves included anorexia, dyspnoea, profuse salivation, pyrexia, 
lowering of the head and sternal recumbency. The haematology was characterized by marked leucopenia 
between 3 and 6 hr, pi. One animal each from Group i and 2, died 36 and 24 hr pi, respectively. In both 
animals, postmortem examination revealed very similar changes which included severe lung oedema and 
congestion, diff~se haemorrhage with multifocal erosion of the abomasal mucosa and extensive 
subendocardiai and subepicardial haemorrhages. The clinical, haematological and pathological changes 
following intravenous P multocida LPS reported herein closely resemble the findings in naturally 
occurring and experimentally induced haemorrhagic septicaemia in the buffalo, suggesting a role for L?S in 
the pathogenesis of the disease. 

Key aords: Buffalo, ~ndotoxin, Pasteurella multoc~da 

Introduction 

Haeqorri-agic septiczer~ia (HS) in buffaloes which is caused by the Gram negative bacterium 
pasteurella rnzJtoc;d~ is essentially characterized ky two clinical syndromes (De Alwis, 1995). 
3 n e  is ths ~ani fes ta t iox  of the disease with an acute fibrinous bronchopneumonia that may have 
a clinical coarse extending z few days, but the most common presentation of HS is sudden death 
oreceded by a vsry short clinical course. Experimental infection following intranasal inoculation 
of th? organism has successfully reproddced both forms of the disease but the virulence factors 
leading to the sudden onset of the disease and rapid death are poorly understood. Recent 
experimental studies (Horadagoda ef al., 2000), using the whole organism, demonstrated a 
marked endotoxaemia a few hours prior t o  death, indicating the possible role of phosphate 
buffered saline 'ipopolysaccharide (LPS) in the pathogenesis of the disease. Indeed many Gram 
negative bacterial infections are known to mediate tissue injury and death through virulence 
expr~ssed by endotoxin, a component o f  the outer cell wall of these bacteria. In this study, the role 
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of LPS in the pathogenesis of HS has been pursued by investigating the clinical and pathological 
changes in relation to the dose response to intravenous LPS, extracted from the organism. 

Materials and Methods 

Eleven 3-6 month old Lanka buffalo calves of either sex, weighing between 45 to 72 kg were used 
in this study. The animals were selected following screening for the absence of Pasturella 
multocida in the nasopharynr. as well as the absence of serum antibodies to the organism by the 
indirect haemagglutination test. The calves were divided into three groups, Grouos I and 2 with 4 
animals each and Group 3 with three animals. Animals in Groups 1 and 2 received intravenous 
LPS, in I0 ml of PBS at a dose rate of 3 and 5 pglkg body weight, respectively. Group 3 animals 
received intravenous PBS only, and served as controls. The endotoxin used in this experiment was 
extracted from a field isolate of P multucida serotype 6:B (VRI strain 8402) using the aqueou- 
phenol extraction method described by Wesphal et aL(1952). Clinical examinatiow were 
performed and jugular blood was collected for haematology 1 h prior to and at the time of 
inoculation, and also at 1 ,  3,6, 12, 24, 36,48,72,96 and 120 h, post inoculation (pi). 

The clinical examination at each time point included the assessment of respiration and heart rates, 
rectal temperature and observations of demeanour. The haematological analysis included tbe 
enumeration of erythrocytes and leucocytes using an improved Neubauer haemocytometer, assay 
of haemoglobin by the cyanmethhaemoglobin method and determination of the packed celi 
volume using a microhaematocrit centrifuge (Jain, 1986). Post-mortem examinations were 
conducted on animals that died during the experiment and tissue samples were collected for 
histopathological examination. 

Results 

The demeanour of animais is expressed as a dullness score rang i~g  from 0 to 3 depending on the 
degree of veverity (Table 1 )  On this scale, the highest scores were noted 1 to 3 hours after LPS 
inoculatioi~. The salient post inoculation clinical findings observed included anorexia, dyspnoea, 
salivation, pyrexia, lowering of head and sternal recumbency. Animals in both inoculated grodps 
showed a transient pyrexia between 3 and 12 hours, post-inoculation (Fig. 1). One of the aniinals 
(No. 1600) that died about 20 h after inoculation showed a pyrexis followed by a rapid decline in 
the temperature to reach sub normal levels. Dyspnoea was present but it was not a consistect 
feature in all the animals. In the haematological analysis, the most chpracteristic change was 
associated with the leucocyte counts, which showed a marked leucopenia between 3, and 6 hours, 
pi (Figure 2). 'There were no significant changes in the erythrocyte indices, such as the red blood 
cell count\, haemoglobin concentration or the packed cell volume. One animal each from the 
Groups that received 3 and Spglkg of LPS, died after 36 hours, and 24 hrs, respectively. 
Postmorte~n examination revealed severe lung congestion and oedema (Figs. 3 and 4) and 
histological sections of the abomasal mucosa show congested blood vessels and haemorrhages 
(Fig. 5). 

Discussion 

The considerable overlap in the clinical, haematological and necropsy changes between acute 
experimental HS (Horadagoda, et al., 1991) in buffaloes and thy responses to these two doses of 
P. multoclda used in the* present study suggest that LPS may indeed be a virulence factor in 
initiating rapid onset and consequent death in HS. Different animal species and individuals within 
the same species are known to have variable sensitivities to LPS. These responses may also vary 
with the bacterial species from which LPS was extracted. In the present study, some of the 
buffaloes succumbed to doses of 3 and 5 pg/kg of P. multocida LPS, but cattle calves were able to 
.tolerate up to 25 pglkg of E coIi LPS administered intravenously (Tikoff, et al., 1966). 
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Table I.  Individual dullness scores in animals inoculated with intravenous endotoxin. Animals in Group 1 
and 2  received 3  @kg and 5 pglkg, respectively. The controls were given 10 ml PBS only. 

Time (h) 
- 1 0 1 3  5 12 24 36 48 72 96 120 

Animal No. 
Group 1 

272 0 0 1 2  3  2 3 -  

1598 0 0 1 3  3  1 1  1 0 0 0 0  
1594 0 0 1 2  3  1 3 1 0 0 0 0  
1597 0 0 1 2  3  1 1 1 0 0 0 0  

Group 2  
1748 0 0 2 3  3 2  1 1 0 0 0 0  
1599 0 0 1 3  3 1 1 1 0 0 0 0  
1600 0 0 3 3  2  2  - 
173 1 0 0 1 3  3 I 1 0 0 0 0 0  

Control 

125 0 0 0 0  0  0 0 0 0 0 0 0  
128 0 0 0 0  0  0 0 0 0 0 0 0  
129 0 0 0 0  0  0 0 0 0 0 0 0  

0 - Normal, b r~gh t  and alert, 1 - Slightly dull or depressed, easy to handle and hold, 2 - recumbent at first examination 
but rose on m~nimal  stimulation, 3 - Very dull indeed, refused to rise or did so only after maximal stimulation 

36.4 1 - 7  1 I 1 I I T 1 8 1 

- 1 1 6 24 48 96 120 

T i m  ( h )  

Figure 1. Recta1 temperature changes in the LPS inoculated groups and the controls. The reading at each 
time point in Group 1, 2 and the controls represents the mean of three recordings. In the two animals (272 
and 1600) that died, the data are shown separ~tely. 
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Figure 2. Total leucocyte counts i n  the :LPS inoculated groups and the controls. The value at each time 
point in Group 1, 2 and the controls represents the mean of three recordings. In the two animals (272 and 
1600) that died, the changes in the leucocyte counts are shown separately. 

Figure 3. Severe oedema and congestion ofthe lungs following LPS inoculation (Animal No. 272). 

270 
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Figure 4. Histological section of  the lungs in Figure 3, showing the congested blood vessels and the 
oedema fluid in the alveolar spaces. 

Figure 5. Histological section of the abomasal mucosa showing congested blood vessels and haemorrhage 
in the gastric mucosa. 
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The rsctal temperature yhanges in buffalo calves following LPS administration was minimal when 
compared to those reported for other species, where a 2 to 3°C increase has been observed. This may reflect 
a species variation where protective mechanisms are present in the host to defend itself against the 
deleterious effects of bacterial LPS (Michaels and Banks, 1988). The leucocyte dynamics, characterised by 
the :mmediate leucopenia following LPS, may reflect the LPS- mediated leucocyte shift of cells from 
circulation to the marginal pool, while the subsequent leucocytosis could be a consequence to humoral 
stimulation of intramedullary granulopoisis. 

Many o f  the clinical and pathological responses t o  LPS noted in the present study are comparable 
to  those observed in other species, where LPS is known to interact with numerous cell types and 
humoral mediator systems, resulting in a plethora o f  pathophysiological alterations causing multi- 
organ dysfunction and death (Olsen et al., 1995). Necropsy findings such as  pulmonary oedema, 
congestion o f  organs and haemorrhage in the alimentary tract are lihtely to  be tissue manifestations 
to overstimu1,ation by mediators s . ~ h  zs the cytskine Tumour Necrosis Factor-alpha. 
Haemorrhage in viscera! organs is likely to be a consequence to LPS-induced endothelial damage 
known to occur in jovines. The  results o f  this study indicate that endotoxin, a virulence factor in 
many Sraln-negative bacterial infections may play a significant role in the pathogenesis of H S  
causeci by P. multocida. Indeed, this finding :s likely to  have major mplications in future 
treatment and strategies dsed in the prevention of  ;-IS. 

Acknowledgements 

We wish to  thank the Wellcome Trust for the financial suppo~?. 

References 

De Alwis, M C L (1995) Haemorrhagic sept icae~ia  (Pasteurella multocida serotype B:2 and E:2 infection) 
in 2attle and buffaloes. In: Haemophilus, Actinobacillus and Pasteurella. V J .  Donachie. F.A. Lainsoa 
and J C Hofgson, (Eds.) Plenum. New York. pp. 9-24. 

Horadagoda, N.U., De Alwis, M.C.L., Wijewardana, T.G., Belak, K., Gomis, A.I.U. and Viplulasiri, A.A 
(1991) Experimental Haemonhagic septicaemia In buffalo calves. In: ~ r o c e e d i n ~ s  of the Fourth 
Internatioqal JVorkshop on .Yaernorrhagic septicaeicgia. ICandy, Sri Lanka. F A 0  Publication No. 
19911 i 3, pb. 73-80. 

Horadagoda, N.U., Hodgson, J.C., Moon, G.M., Wijewardana, T.G., Hau, C and Eckershall, P.D. (2000) 
Role of'endotoxin in the pathogenesis of Haemorrhagic septicaemia in buffalo. Microbial Pathogenesis 
(accepted for publication) 

Jain, N C (1986) Schalm's Veterinary Haematology. 4" Edition. Lea Febiger, USA. 
Michaels, F.R and Banks, K L (1988) Contribution of various host factors to resistance to experimentally 

induceti bacterial endotoxaemia in calves. American Journal of Veterinaly Research 49, 557-562. 
Olsen, .C., i'ellyer, P.':V. and Dodam, J.R (1995) Mediators and vascular effects in response to endotoxin. 

Brirish Veterinary Journal. 151,489-522. 
Tikoff, G ,  Kuida, H. and Chiga, M. (1966) Haemodynamic effects of endotoxin in calves. American 

Journal ofPhysiology. 210, 847-853. 
Westphal, 0, Luderitz, 0 and Bister, F (1952) Uber die extraction von bakterien mit phenoliwasser2. 

Naturfirsch Teil. B. 7, 148-1 55. 



ATTEMPTS TO ACTIVATE 'LATENT' CA,RRIERS OF HAEMORRHAGIC 
SEPTICAEMIA IN BUFFALO CALVES 
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' ~ a c u l t y  of Vetevinaly Medicine and Animal Scievce, University of Pemdeniya 
2 Veterinaly Research Institute, Peradeniya, Sri Lanka. 

Abstract: Haemorrhagic septicaemia (HS) is a highly fatal septicaemic disease in buffaloes and the role gf 
carrier animals in the epidemiology of the disease in endemic ?reas of Sri Lanka i~ well krown. It was 
hypothesised that the ill-defined host factors termed 'stress', along with some environmental factors may 
influence the carriers to shed the virulent Pasreureflae that inhabit the nasopharynx. The carriers of HS, 
harbour Pasteurellae in the lumen of ~onsiis probably between outbreaks. However, detailed bacteriological 
examinations nad rwealed an interm~ttent nature in the appearance of organisms in the nasopharynx of 
clinically normal animals, and Lh;s observation had lead to consideration of existence gf two types of 
carriers, namely 'latent' anr' active' carriers. 

In this study, attempts were inade to activate experimentally p;oduc.;d 'latent' carriers to the secretory 
phase by simulating 'stress' by physical and c h e ~ i c a l  methods. " h e  presence of virulent organisms in the 
nasopharynx was considered as an indicatio? that Lbese a n i ~ a l s  are 'active carriers'. Nasopharyngeal swabs 
were subjected to direct culture as well as for mouse inoculation, in order to demonstrate the presence of 
Pasteurella rnuItoctda in the nasopharynx. 

The four attempts to induce 'stress' in buffaloes, namely by subjecting anirnais to tillags, walking or 
administration of long acting steroids (two dose rates), were inade. These gave negativ.: results to the mouse 
inoculation test, which is indicative of the ?.hence of virulent Pasteurella in the nasopharynx. The paper 
concludes that the 'latent' carriers of PS cannot be activated using the methods described in this study. 
Further investigations are needed to find the molecular mechanisms of activation of carriers of I S  and the 
role of 'stress' in field outbreaks. 

Keywords: Haemorrhagic septicaemia, carriers, epidemiology, Pasteurella multocida, buffalo. 

Introduction 

Haemorrhagic septicaemia (HS) is a highly fatal, terminal septicaemic disease in cattle and 
buffaloes in Asia. It is considered to be the major cause of mortality in buffaloes, a species 
invaluable for the rural economy of the South East Asian region, Several authors have extensively 
reviewed the literature on HS (De AIwis, 1992; Wijewardana, 1992). The significance of carrier 
animals in the epidemiology of the disease is well established (De Plwis et al., 7993; 
Wijewardana, 1986). 

PasteurelJa multocida serotype 3:2 (Carter: Heddleston system) is the causative organism of HS 
in the Asian region. In endemic areas of Sri Lanka, the carrier rate is found to be around 2.7% 
(Hiramune et al., 1982), with no significant difference between cattle and buffaloes. However, the 
carrier rate seems to be high just after an outbreak, which thereafter declines (De'Alwis et ul,. 
1986). It is postulated that the P. multocida virulent organism is harboured by the carriers in 
between successive outbreaks (Wijewardana, 1992). Tonsils are the commonest site where the 
organisms were found (Wijewardana, 1986). Within the tonsils, P. multocida antigens were 
confined to the lumen of the tonsillar crypts (Horadagoda, 1990). Under experimental conditioi~s, 
the longest period after initial exposure when Pasteurellae was detected in nasopharyngeal swabs 
was 2 15 days and recovery from tonsillar tissue was 229 days (De Alwis et al., 1990). 

The intermittent nature in the appearance of the organism in the nasopharynx of clinically normal 
animals has led to the consideration of the existence of >NO types of HS carriers. The first type, 
the 'latent' carrier, as indicated by high antibody titres, is believed to harbour the pathogen in the 



Latent carrlers of -Yaemorrhagrc sep ficaem ia 

tonsillar crypts, but are absent in the nasophqnx  or in nasal secretions. The second type 1s the 
'active' carrier, which is monitored by high antibody reactions and the presence of the organism 
in the nasopharynx, nasal secretions as we11 as in tonsils. It was assumed that ill-defined host 
:actors termed 'stress' and some ~~n~iironmental factors may influence the 'latent' carriers to 
become secretory 'active' carriers of Pasteurellae (De Alwis, 1992). These findings led to the 
postulation that new outbrealts were ixitiated by activating 'latent' carriers, which dissernirate the 
virulent organism into unexposed, non-immunized, shsceptible livestock. Although there is no 
significant difference between sattle and buffaloes in carrier rates (De Alwis et' al., 1986), 
buffaloes seem to be more susceptible to the clinical disease than cattle (Wijewardana, 1992). 

The objective of the present study was to acti'late, experimentally produced 'latent' carriers to the 
secretory phase by simulating t5e natural phenomenon of 'stress' by different methods. 

Materials and Methods 

Nine ouffalo calves housed at the Veterinary Research Institute were experimentally inoculated 
with the 33s strain of P. multocida in order to produce 'latent' carriers, according to the method 
described (De Alwis et al., 1990). The carrier status of these animals were monitored throughout 
the experimental period by (a) assaying blood samples twice weekly for antibody titres using the 
Indirect Haemagglutination technique (IHA) and (b) attempting to isolate P. multocida in 
nasopharyngeal swabs teskd by mouse inoculation. The following methods were used to induce 
stress. 

Method 1: Simulated tillagenand preparation activity. 

A muddy field was constructed and four of the carriers were made to walk in the mud for 2 
consecutive days spending 8 hours continuous on each day. Nasopharyngeal swabs and salivary 
secretions were collected 6 hourly for 3 consecutive days. 

Method 2: Walking long distances 

Four animals were made to walk a distance of 80 km for 12 h with provisio~ of limited food and 
water. Nasopharyngeal swabs were taken every 6 hours for 3 consecutive days. 

Method 3: Immune-suppression with Dexamethasone sodium phosphate 

A total dosage oT 40mg of Dexamethasone sodium phosphate (Dexona:Cadila) was giver to ezch 
animal intramuscularly, in single administration. Nasopharyngeal swabs were taken every 12 
hours on 3 consecutive days. 

Method 4: Immune-suppression with Methylprednisolone acetate 

Methylprednisolone acetate (3epo-Medro1:LJpjohn) as a total dose of 200 mg was given to each 
animal intramuscularly, in single administration. After 72 hours, neostigmine methyl sulphate 
(?rostigmin: Roche) was given in divided doses, i.e. 5mg intravenous and 15 mg intramuscularly. 
Nasopharyngeal swabs were taken every 6 hours for 3 consecutive days. The collected saliva and 
swabs were tested for virulent Pasteurellae by mouse inoculation and direct plate culture 
methods. 

Results 

Eight of n ~ n e  buffalo calves became 'latent' carriers as indicated by IHA titres. During a one-year 
experimental period, carriers had fluctuating IHA titres ranging from 5120 to 20. In all four 

d o n  test. exper:ments swabs were negative for virulent P. multocida as indicated by mouse inocul-+' 
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Methods 1 and 2 

Animals became tired exhibiting high temperature and some degrse of salivation. 

Method 3 

Animals had a high temperature showing some degree of s~!;vation without any signs of disease 
or secretory Pasteurellae. 

Method 4 

After neostigtrine injections, animals showed profuse salivation for 4 hours. The virulent P. 
multocida was not isolated from the saliva collected and mouse inoculation tests were negative for 
virulent organisms. 

Discussion 

Prolonged or intense stimuli perceived by an animal is defined as stressors (Stephens, 1980), 
while resultant homeostatic, physiological and behavioural responses are termed as stress 
(Cianong, 1993). During stress, there is elevated glucocorticoid level, mediated through 
adrenocorticotropic hormone. This is accompanied by increased secretion of ca:~cholamines and 
an elevated blood glucose concentration (Ganong, 1993). 

Well known stressors in the bovine include extremes of temperature, excessive exercise a;ld long 
distance transportation. The Asian buffalo is a dual purpose animal (draught and milk) which is 
subjected to above mentioned stressors during paddy cultivation (de Silva et al, 1985). Although 
the corticosteroid levels were not measured in this study, every attempt was made to simulate the 
field practice of using buffaloes in paddy cultivation. Throughout the experimental periods, tl:e 
maintenance of high antibody titres was considered as an indicator for the presence of 'latent' 
Pasteurellae in tonsils. In spite of frequent examination of swabs, Pasteurella was not isolated 
from the nasopharynx during experimental periods. 

The failure to isolate the virulent Pasteurellae, led to further consideration of the tonsillar gland 
and nasopharynx. Of the three main tonsils (Junqueria et al., 1998), the palatine tonsil situzted on 
the lateral wall of pharynx had been the common location for Pasteurellae (Wijewardana, 1986). 
Microscopically, the palatine tonsil consists of deep surface invaginations referred to as tonsillar 
fossulae, which communicate with the mouth cavity through a tonsillar sinus. In the absence of 
profuse salivary secretions, the fossulae may get obstructed with desquamated epithelial cells, iive 
or dead lymphocytes and bacteria (Chen et al, 1991; Junqueria et af., 1998). Administration of the 
parasympathomimetic drug, neostagmine (Prostigmin: La Roche) is expected to dilate the 
tonsillar sinus, as well as increase salivary secretion. Thus it was expected to wash out any 
virulent Pasteurellae, if they were harboured in the crypts of the tonsil. Attempts to isolate the 
pathogen from collected saliva following neostigmine medication and also &om nasopharyngeal 
swabs by mouse inoculation proved to be negative for virulent Pasteurellae. 

Immune-suppression is an :mportant consequence of elevated corticosteroid levels during stress. 
The influence of antibody concentration depends on the type of glucocorticoici administered, 
dosage and frequency of administration. Dexamethasone at different dose rates (varying between 
20 - 60 mg total dose) had 3een successfully used in activating coccidiosis (Stockdale and Nile, 
1976; Nilo, 1970 and herpes virus (Sheffy and Davis, 1972). Since immunosuppressive doses in 
buffaloes were not established, in the first experiment, the dose of 40 mg Der animal was 
administered intramuscularly which proved to be ineffective. Methyl ,p:ednisolone acetate is a 
slow release product which produces a long acting immuno-suppressi~re effect at an equivalent 
dose rate used in human, that is 40 - 120 mg per individual (BNF, 1997). For the same purpose, 
the dose used in horse is 200 mg per animal (Bishop, 1998) which was used in the present study 
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in buffalo calves. Although there was no  activatior of 'latent' pasteurellae, fluctuating IHA titres 
were indicative o f  some degree o f  immunosuppression. The iack of  confirmatory evidence of the  
carrier status by isolating virulent Pasteurella i?zultoczda from tonsillar glands acter post-mortem 
examination, was a deficiency in the present study. 

However, this study clearly demonstrates the relative difficulty in activating 'latent' carriers o f  
HS under experimenta: conditions in buffalo celves. Cattle may react differently. This needs 
fiirtber consideration. If HS carriers among cattle react differently to buffaloes, such information 
will be a valuable con t r ibx t i~n  to the understanding of the epidemiology of "-IS. 
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SRI LANKA: A COMPARISON WITH CATTLE 
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Abstract: Mast~tu: Tie somatic cell counts (SCC), electrical conductivity, adenosine triphosphate (ATP) and 
chloride ion concentrations are markers of subclinical mastitis in the buffalo. The SCC in buffalo is similar to 
cattle, but the count and the efficiency of rnilk neutrophils (phagocytes) are superior in the buffalo. In contrast 
to cattle, the buffalo is more resistant to udder infections, particularly to Staphylococcus aureus infections, due 
to the more efficient removal of S aureus by buffalo neutrophils (BN); the activity of BI\y in milk is similar to 
their blood counterpart. However, the bactericidal activity of BN and cattle neutrop;lils (CN) following 
phagocytos~s appears to be greater for E. coli relative to S aureus and Strep. agulactlae. In mixed bacterial 
cultures, BN and ^,N preferentially phagocytize one bacterial species in vztro; the affinity of BN for E coli was 
less in the presence of E aureus or Strep agalactiae; sMinity of CN for S. aureus was less in the presence of 
E coil, while the a3inity for E colr was less in the presence of Strep agalactrae. 

Brucellosis Seroprevalence for 3rucella abortus is noAifferent among unvaccinated buffaloes (4.2%: and 
cattle (4.7%). Buffaloes and cattle in the dry zone (annual rainfall from 20-30 inc'les: and those which were 
managed extensively were more often seropositive. 2lder (>3 years) buffaloes and cattle were a1 higher odds 
of being seropositive, and they shqw clinical signs suggestive of brur,ellosis in almost eoual pro~ortions. 

Rlnderpest Seroprevalence for rinderpest virus is not subsfantially different amc~lg unvaccinated buffaloes 
(5.3%) and cattle (3.1%). In general, older bovids (>3y) were more ofterl se.-opositive and among them the 
buffaloes were at higher odds of being seropositive than cattle. 

!icy jvor2s: Mastitis, buffalo, cettle, rirderpest, brucellosis, seroepidemioiogy 

Introduction 

This r e ~ o r t  is a summary of studies done by the authors on mastitis, brucellosis and rinderpest in 
buffaloes and cattle in Sri Lanka. Mastitis is the greatest single cause of loss of milk in the dairy 
industry. Although buffaloes are resistant to mastitis relative to cattle, udder infections can cause 
serious losses in large buffalo herds (Silva, 1996; Wanasinghe, 1985). Most subclinically affected 
buffalo quarters did not yield bacteria on culture, while streptococci and staphylococci were the major 
bacterra isolated from the rest (Silva et al., 1996). An efficient defense mechanism in the mammary 
gland is critical to the cow's ability to survive an infection and return to normal production. This 
defense mechanism consists of co-.formational changes in the streak canal, immunoglobulins, 
phagocytes and their products (Silva, 1996). As bacteriological testing of all cows in a herd is 
cumbersome and expensive, it is a standard practice to monitor indicators of mastitis at herd level 
{Silva et a1 , 1996). One objective of this report is to describe the markers of mastitis in buffalo milk 
anc to compare the efficiency of 'ke buffalo in the removal of invading bacteria relative to cattle. 

B-ucel'osis is essentially an infectious disease of the sexually mature animals (females and males) and 
is also a zoonotic disease. The first case of bovine brucellosis in Sri Lanka was first reported in 1956 
and the biotype 3 of Brucella abortus has been reported as the causative organism (Kumaraswamy, 
197 1). A large-scale control programme had never been considered in Sri Lanka. While vaccination 
has not been practised for over ten years in state-owned farms, control programmes have never been 
implemented in privately owned herds. 

Rinderpest is an extremely conti'gious disease which cause immense economic losses in livestock 
farming in many Asian and African countries (Ojok and Mariner, 1996; Scott, 1981). Sri Lanka had 
been declared free of rinderpest since 1946, until the outbveak ir 1987 in the eastern province in the 



n//aari~trs, Bruceiloszs and Rlndeierpest In buffaloes 

dry zone (Vadivelu, 1989). Despite control measures adopted, rinderpest has been established in an 
endemic form in the dry zone during the period from 1990-1 993 (Hettiarachchi and Sritharan, 1996). 

The other objective of this study was to describe the sero~revalerce and the potential risk factors of 
brucellosis and rinderpest in buffaloes in Sri Lanka with a comparison to cattle. 

Materials and Methods 

Markers of mastitis 

The buKaloes and cattle, milk samples, techniques used and statistical analyses are described in detail 
elsewhere (Silva et a l ,  1996). The somatic cel, count (SCC), differential cell counts, electrical 
conductivity (EC), chloride percentage (Cl%), acidity and AYP concentratior were measured in normal 
and mastitic milk. 

Functional efficiency of neutrophils 

The buffaloes, the isolation of cells from blood and milk, the preparation of bacterial cultures, the 
phagocytic assays and microscopic evaluation, and the statistical analyses are described in detail 
elsewhere (Silva, 1996; Silva and Kariyawasam, 1 996; Silva, 1 993a; Silva, 1993b). The same details 
for cattle is described in Silva and Jain, 1988. The methodology used to study the preferential 
phagocytosis of bacteria in mixed cultures by buffalo and cattle cells are described in detail in Silva 
and Thattil, 1995 and Silva et a1 , 1988, respectively. 

Brucellosis and Rinderpest 

Approximately, 0.2% of the bovids (cattle and buffalo) in Sri Lanka was sampled, fiom June 1992 to 
1995 using a multi stage sampling procedure. Serum antibodies for Brucellu abortus and the rinderpest 
virus were detected using the Indirect Enzyme Linked Immunosorbent Assay (IELISA) and 
Competitive Enzyme Linked lmmunosorbent Assay (CELISA), respectively. The age, the 
agroecological zones and the management system practised in the farms of the sampled bovids were 
studied as potential risk factors for being seropositive for the two diseases, separately. All details of 
the two studies are described in Silva et al., (2000) and in Silva et al., (1998). 

Results 

Mastitis 

The SCC in buffalo milk ranged from 50,000-375,000lml and 56% (22-88%) of those were 
neutrophils. The bacteria isolated from milk samples from subclinically infected quarters were 
coagulase negative staphylococci (22%), Streptococcus uberis (1 5%), Streptococcus agalactiae ( I  I %) 
and other streptococci (7%). About 44% of the samples did ndt yield any bacterial growth. During 
mastitis the SCC in buffaloes increased between 0.5xio6-75x1 06/ml. The EC of normal buffalo and 
cattle milk ranged from 3.4-4.8 (3.9) milli Siemenslcm and 3.7-5.1 (4.6) milli Siemenshm, 
respectively. In mastitis, the EC significantly elevated to 4.9 (3.9-5.7) milli Siemenslcm in buffaloes 
and to 5.4 (4.0-7.2) milli Siemens/cm in cattle. The ClO/P of normal buffalo and cattle milk ranged fiom 
0.08-0.2 (0.1 1) and 0.1-0.1 6 (0.131, respectively. In mastitis, the C1% significantly elevzted to 0.14 
(0.1 1-0.21 ) in buffaloes and to 0.18 (0.1-035) in cattle. Significant changes were not seen iw acidity 
% and pH between normal and mastitic milk. The mean ATP concentration in normal buffalo milk was 
5x10- '~ moleslrnl and the levels increased significantly betwee'n each increasing CMT score (10.0- 
3 2 . 7 ~  1 O'1° moles/ml). 

The percent phagocytosis (PP), or the number of neutrophils which performed active phagocytosis, 
was highest for Staphylococcus aureus (86-88%). The PP for S. aureus was statistically similar to that 
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of Streptococcus agalactiae (77-81 %) and was significantly higher than that for Escherichia coli (73- 
769%) (Silva, 1996; Silva, 1993a). The PP of cattle neutrophils for the same bacterial strains was high 
for E. coli (8 1 %) anc Strep. agalactiae (77%) followed by S aureus (63.6%; (Silva and Jain, 1988). 

Brucellosis 

The median number of farms visited per district was 38 (range 15-122). A total of 3916 bovids (3076 
cattle and 840 buffaloes) from private herds from 102 of 266 Divisional Secretariat Areas (DSAs) in 
22 of 25 districts were bled during June 1992 to August 1995. Three districts were not sampled due 
to security problems that prevailed during that period. More than 0.1 % of the bovid population in 
every district was sampled, except in 3 districts. The ma1e:female ratio of the bovids sampled was 1 :4.3 
in cattle and 1 :2.5 in buffaloes. The breeds of cattle in the study were local (62%), European (7%; and 
European crosses (2%), and the breeds of buffaloes were local (74%), Murrah ti%), Niliravi (0.7%) 
2nd the:r crosses (25%;. 

 he overall seroprwarqnce ol'B. abortus in bovids was 4.6% (95% CI=3.4,6.0). The prevalence was 
4.7% in cattle and 4.2% in buffaloes (x2 ~ 0 . 5 ;  d e l ) ;  and 3.6% in males and 4.9% in females (X2=2.5; 
df;l). Most seropositive males (22 af 29) were from the dry zone (annual rainfall fiom 20-30 inches) 
and were extensively managed. Bovids more than 3 years of age were at 2 times higher odds of being 
seropositive compared to those that were 23 years as were females when analyzed separately (OR=2.4; 
95% Ck1.6,  3.5). There was no difference in seropositivity between cattle and buffaloes in the two 
age groups. Bovids from the dry zone were approximately at five times higher odds of being 
seropositive compared to those from the other zones (females only: OR=5.1; 95% (33.0, 7.8). There 
was no difference in seropositivity between cattle and buffaloes in the two agroecological zones. 
Bovids reared under extensive management system were at approximately two times higher odds of 
being seropositive compared to those that were reared under other management systems (females only: 
OR=] .8; 95% CI=1.2, 2.6). There was no difference in seropositivity between cattle and buffaloes in 
the different management systems. The prevalence in bovids in the dry zone managed extensively was 
11% (95% C1=7.3, 15.1; n=982) compared to 1.9% (95% CI=0.8, 3.7; n=l83) in other management 
systems. Bovids from the dry zone were found to be at approximately six times higher odds of being 
seropcsitive, after adjusting for the possible confounding effects of age and management methods 
practised (Mantel-Haenszel weighted OR=6.3; 95% CI= 4.2, 8.9). 

Bovids with a history of abortion were at higher odds of being sero-positive compared to those without 
a history of abortion (QR=18.3; 95% CI=10.9, 30.6). Only 49% and 36% of the aborted caif,le and 
buffaloes, respectively, were seropositive (X2 =I .6, d f  I). Among the seropositive females 23 years 
old, 25% of the cattle and 40% of the buffaloes had aborted at least once. None of the sampled bovids 
with a history of repeat breeding had detectable levels of antibodies. Twenty three bovids were 
reported to have shown other clinical signs suggestive of bruceIIosis, and only 5 of them were 
seropositive. 

Rinderpest 

The median number of farms visited per district was 36 which varied between 15-1 22. A total of 4397 
bovids (3489 cattle and 908 buffaloes) from private herds in 102 of 266 DSAs from 23 of 25 Clistricts 
had been bled during the period from June 1992 to August 1995. The breeds of cattle included in the 
sample were local, European, zebu and their crosses, and the breeds of buffaloes were local, Indian 
and their crosses. 

The sero prevalence of bovids which were never vaccinated (n=4101) and those which had been 
vaccinated (nE2$5) against rinderpest were 3.5% and 12.5%, respectively. The prevalence was 3.1 % 
in cattle and 5.3% in non-vaccinated buffaloes. Among the non-vaccinated bovids, those that were >3 
years of age were at approximately five times higher odds of being sero-positive compared to those 
that were 53 yeaTs {OR=4.8 (3.0-7.8); ~ ~ = 5 6 . 3 ) .  A similar relationship between age and sero- 
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positivity was noticed among the vaccinzted bovids, althougk the strength of association was less. 
Buffaloes >3 yr were at two times higher odds of being seropositive relative to cattle (OR=2.3 (1.5- 
3.6); X2=1 7.6). Non-vaccinated bovids $om the dry mne were at approximately eleven times higher 
odds of being sero-positive (OR=l1.5 (7.2-1 8.6)) cornp~ec; to those from the other zones. A similar 
relationship was noticed in the vaccinated bovids although the strength of association was less 
(OR=3.6). There was no difference in seropositivity 5etween cattle a ~ d  buffaloes in the two 
agroecological zones. 

Non-vaccinated bovids reared under extensive managemen; system were at approximately five times 
higher odds of being sero-positive {OR=4.5 (2.7-7.7)) compared with those that were reared under 
other management systems. There was no difference in seropositivity between caVle and buffaloes in 
the different management systems. 

Those bovids from the dry zone were found to be at approxklately' elgty. times higher odds ofbeing 
sero-positive, after adjusting for the effects of age, vaccinatior history a ~ d  management metbods 
practised (Mantel-Haenszel weighted OR= 7.66; 95% CI=5./8- 13.13;' 

Discussion 

Mastitis 

The SCC and the different types of cells in buffalo milk are shi la-  to those in cattle milk. Neutrophils 
are the most prominent cells in buffalo milk (Silva and Silva, 1994). The presence of cells undergoing 
necrosis (2%) in buffalo milk suggests that their milk leukocytes are functionally more active than 
cattle cells. The SCC, EC, C1% and ATP concentrations are valuable markers or indicators of 
subclinical udder infections in buffaioes. Although the buffalo SCC is similar to cattle, the 
concentration and functional efficiency of milk phagocytes is superior in buffaloes (Silva 1993a and 
b). An elevation of more than the mean plus twice the standard deviation in EC (3.87+(2x0.3)=4.47 
mS/cm) of the normal milk. when measured individually for each buffalo, can be dsed as an indicator 
of subclinical mastitis in buffaloes. Elevations in EC and 61% precede that of the SCC. 

The phagocytic activity of buffalo blood neutrophils was 22.5% higher, while that of milk neutrophils 
was 17% higher for S aureus than cattle cells (Silva 1996). These findings explain the resistance of 
buffaloes to mastitis caused by S. aureus (Wanasinghe, 1985>, A relatively higher bactericidal activity 
was observed for E. coli (Silva and Kariyawasam, 1996). Sfreptococcal species were the major mastitis 
causing bacteria isolated in subclinically infected buffaloes in Sri Lanka. When buffaloes are exposed 
to mixed bacterial infections a poor preference was shown for E. coli, and this affinity for E coli was 
much less in the presence of S. aureus than Strep. agalactiae. Cattle neutrophils also demonsb-ated a 
low preference for phagocytizing E. coli in the presence of Strep. agductiae, but not S aureus (Siiva 
et. al, 1988). The age of the phagocytes in milk, the microorganisms involved or their metabolic 
products appear to play a major role in the defense against mastitis. In contrast to cattle, the phagocytic 
efficiency of the neutrophils which appear in milk during acute subclinical mastitis in buffaloes was 
superior. These findings reveal the potential of reducing bacterial mastitis in buffaloes by improving 
the phagocytic activity of milk neutrophils. This may be achieved by enhancing the oosonin 
concentration in milk perhaps by vaccination. 

Brucellosis 

The seroprevale~~ce of brucellosis was not substantially different between cattle (4.7%) and buffaloes 
(4.2%). Because none of the animals in this study were vaccinated, the seropositivity was considered 
to be due to exposure to natural infection (Silva et al., 2000). However, even if the bovids were 
vaccinated, the residual titres should not have interfered with the test result, because vaccinal titres 
cannot be detected 22 weeks after vaccination (Pieris et al , 1983). 
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As expected, the seroprevelecce of Sovids over 3 years of age was twice as high as the younger age 
grouF because brucellosis is essentiaily a disease of mature animals. Seropositivity was more often 
found i- the dry zone and also when animals were reared under extensive management system. There 
was R true effect of the agroecological zone on the prevalence even after controlling for the ~ossible 
e:fects of age and management system. Approximately 75% of the seropositive males were ?om the 
dry zone. A majority (84%) of bovids fkom the dry zone in this study were reared under an extensive 
management system (free grazing) which allows unrestricted contact between animals. These factors 
would have enhanced the spread of brucellosis in bovids in the dry zone. 

Brucellosis could be an important cause of abortion in bovids in Sri Lanka. As expected, seropositive 
cattle and buffaloes do not differ in their histories of abortion. Investigations should be carried 3ut ro 
identify causes for about 50% of abortions in cattle and buflfaloes. The IELISA used in tkis study, 
positively detects animals which are negative with the conventional tests used in Sri Lanka, such as 
those animals with persisting low titres. 

Rinderpest 

The prevalence of rinderpest in bovids due to natural exposure could be taken as 3.5% which is the 
prevalence in non-vaccinated bovids. Most of the seropositive non-vaccinated cattle and buffaloes 
(84%) were from the dry zone of thecountry, which is most likely due to the location of the outbredc 
in 1987. The higher prevalence in older animals is probably due to exposure to the virus during the 
1987 epidemic. Furthermore, 62% of the bovids from the dry zone were reared under the extensive 
management system which would have mhanced the spread of rinderpest in the dry zone leading to 
a higher prevalence. Bovids from the dry zone were at higher odds of being sero-positive even after 
controlling for the possible effects of age, agroclimatic zone, management system and vrccination. A 
relatively poor response to vaccination (seroprevalence=l2%; n=296) could be attributed to difficulties 
in maintaining the vaccine at recommended temperatures in the field. The CELISA used in this study, 
which is not a conventional test in Sri Lanka, has been used in rinderpest eradication programmes in 
Africa and Asia because of its suitability for both seromonitoring and serosurveillance due to its ability 
to detect antibodies to a range of rinderpest virus strains. 

Conclusions 

The SGC, electrical conductivity, ATP and chloride % are markers of subclinical mastitis in the 
buffalo. The SCC in buffalo is similar to cattle but the count and the efficiency of milk neutrophils 
(phagocytes) are suyerior in the buffalo. In contrast to cattle, buffalo is more resistant to udder 
infections, particularly to Staphylococcus aureus infections. In mixed bacterial cultures, the affinity 
of buffalo neutrophils for E coli was less in the presence of S aureus or Strep agalactiae; affinity of 
CN for S aureus was less in the presence of E coli. 

Seroprevalence for Brucella abortus is not difFere~t among unvaccinated buffaloes (4.2%; and cattle 
(4.7%). Buffaloes and cattle in the dry zone and those which were managed extensively were more 
often seronositive. Older (>3 years) buffaloes and cattle were at higher odds of being seropositive, and 
they show clinical signs suggestive of brucellosis in almost equal proportions. 

Seroprevalence for rinderpest virus is not substantially different among unvaccinated buffaloes (5.3%) 
and cattle (3.1 %). In general, older bovids (>3y) were more often seropositive and among them the 
buffaloes were at higher odds of being seropositive than cattle. 
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MEDETOMIDINE AS A SEDATIVE IN BUFFALO CALVES 
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Abstract: Medetomidine is a very potent sedative and selective alphal agonist. The sedativetanalgesic 
effects of three dose rates of medetomidine hydrochloride (Spgkg, 8pg/kg and lOfig/kg) were studied in six 
health) male buffalo calves. iv~oderate to deep sedation occurred after intravenous administration of 8 pdkg 
and 10 pglkg of medetornidine as compared to slow and light sedation produced by 5 pg/kg. The degree, 
onset and duration of sedation and onset and duration of maximum sedation were all dose dependent. Skin 
analgesia and light muscle relaxation were produced in all animals with higher doses (8 pgkg and 10 
pglkg) and in only one animal with a Iower dose (5 fig/kg). Medetomidine produced recumbency in all 
animals w;th high doses (8 pg/kg and 10 &kg) and in 50% of animals with the lower dose ( 5  pgikg). 'he 
duration of recumbency was 29.33 min. 50.17 min and 73.5 min and standing time was 33.67 min, 53.5 x i n  
and 76 min after administration of 5 pgikg, 8 pg/kg and 10 pgkg medetomidine respectively. 

Keywords Buffalo, medetomidine hydrocloride, sedation, dose response, analgesia 

Introduction 

Many surgical procedures in cattle and buffaloes can be performed with physical restraint and 
under local, regional anesthesia and sedation. The fear of performing general anesthesia is 
generally greater amongst veterinarians, when dealing with a bovine patient. For economic 
reasons and the evidence of some adverse effects produced by general anesthesia, many minor 
surgical procedures in cattle and buffaloes are usually performed under sedation and local 
anesthesia. 

The development of sedatives/analgesics in recent years has greatly contributed to the progress 
made by the veterinary profession. These developments have resulted in a reduction of stress, 
prevention or control of pain and achieving safe and efficient anesthesia. Alpha;! adrenergic 
agonjst and antagonist have a significant role in this development of patient care (Short, 1992). 
Alpha-, agonists are a particularly useful part of the veterinarian's armamentarium because they 
combine sedation wit+ zanalgesia. Alphaz agonists also have intrinsic muscle relaxation properties 
(although not of ;he quality produced by general anesthesia) (Thurmon et al., 1996). 

Medetomidine is a very potent and selective Alpha2 agonist. It is approved in USA for use in dogs 
(Anon., 1996). There are some reports of its use in sheep, goat and cattle and in laboratory and 
wild animals (Muhammad et al, 1989; Mohammad et al., 1993). It has also been used in 
combination with other drugs (Hall and Clarke, 1991). The objective of this study is to examine 
the effects of medetomidine as a sedative in buffaloes. 

Material and Methods 

The subjective obse~a t ions  of the behaviour of animals and the degree and the nature of sedation 
and analgesia after the injection of medetomidine were recorded. The degree of sedation was 
graded as 0 for no sedation (slight effect with the animal becoming quieter and easier to handle), 2 
for moderate sedation (animal becoming less alert, partial closure of eyelids, less responsive to 
external stimuli or noise) and 3 for deep sedation (animal becoming ataxic and recumbent). The 
malgesie effect was noted by the absence of a response to deep needle pricking and deep scalpel 
incision. The onset of sedation, the beginning of maximum sedation, duration of maximum 
sedation and start of recovery were recorded after the injection of medetomidine. The other signs, 
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such as the onset of recumbency, the d~ration o; recumbency, standing time, salivation, 
rygurgitation, lacrimation, urination, defaecation, sno-ing, bellowing, tympany and protrusion of 
the tongue were also noted. The palpebral and padal reflexes, nystagmus and inward rolling of 
eyeballs, drooping of head, animal behaviour, posture and gait were &so recorded. 

Results 

Onset of sedation 

The mean values for the onset of sedation were 185 seconds, 03.33 seconds and 40.83 seconds 
after administration of 5 pglkg, 8 pglkg and 10 pgkg  of medetomidine, resuectively (Table 1). 
The onset of sedation was dose dependant with higher doses producing a more rapid onset. 
Analysis of variance showed that the onset of sedation was significarriiy different (P<0.01) with 
all three doses. Further analysis by Turkey-Kramer Multiple Cornparisor7 Test showed that the 
onset of sedation was significantly rapid (P<0.01) with 8 pg/kg and 10 pgkg  as compared to 5 
pglkg. There was no significant difference in the orrset of sedation with 8 pg/kg and 10 pg/kg of 
medetomidine. 

Table I .  Onset of sedation in buffalo calves after administration of different doses of medetomidine (Erl 

see ) 

Animal No. Medetomidine Medetomidine Medetomidine 

2 
3 
4 
5 
6 
Mean 
SEM 35.00 15.202 

++ = slgn~ficant difference at (P<O 01) between values of 5 pg and 8 pg 
nn = s~pn~ficant drfference at (P<O.Ol) bet\. "en values of 5 pg and I0 pg. 

Table 2. Onset of maximum sedation i: buffalo calves after administration of different doses of 
medetomid~ne (in rnin.). 

Animal No. Medetomidine Medetomidine Medetomidine 
5 pg 8 pg 10 pg 

1 10 5 2 
2 
3 
4 
5 
6 
Mean 
SEM 0.872 OA94 0.247 

nn = significant difference at (P<0.01) between values of 5 pg and 10 pg. 

Onset of maximum sedation 

The mean values for onset of maximum sedation were 6.16 min, 4.16 min and 2.33 min after 
administratior of 5 pg/lig, 8 &kg and 10 pglkg of nedetomidine, respectively (Tab" 2). The 
onset of maximum sedation was dose dependent. The onset was mare rapid with increasing dose 
rate. Analysis of variance showed that the onset of maxim~m sedation was significantly different 
(P<0.01) with all doses. Further analysis by Turkey-Kramer Multiple Comparison Test showed 
that the onset of maximum sedation was significantly rapid (P<O.01) with 10 ~ g l k g  as compared 
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to 5 pglkg. Comparison of 5 p g k g  with 8 pglkg and 8 pglkg with 10 pgfkg showed no signifcant 
difference in onset of maximum sedation. 

Duration of maximu,m sedation 

The mean values for duratior, of maximum sedation were 4.42 min, 25.66 min and 39 miq after 
administration of 5 p@g, 8 p g k g  and '0  &kg of medetomidine respectively (Table 3). The 
duration of maximum sedation was dose dependent. Analysis of variance showed that the duration 
of maximum sedation was significantly different (P<0.01) with all three doses. Further analysis 
by Turkey-Kramer Multiple Comparison Test showed that the duration of maximum sedation was 
significantly longer [2<0.0 1) with 8 pgfkg and 10 &kg zs compared to 5 pglkg. There was no 
significant difference in the duration of maximum sedat io~ with 8 pg/kg and 10 &kg of 
medetomidine, 

Table 3. Duration of maximum sedation in buffalo calves after administratiohi of different doses of 
medetomidine (in mln ) 

Animal No. Medetomidine Medetomidine Medetomidine 
5 pg 8 pg 10 pg 

1 8 4 5 4 8 
2 6 13 34 
3 5 3 0 2 7 
4 2 26 44 
5 3 22 3 9 
6 2.3 i 8 42 
Mean 4.4 1 xx++ 25.66++n 397cnn 
SEM 0.952 4.566 .077 

++ = s~gnlfi cant d~fference at (P<O 01) bebeen values of 5 pg and 8 yg. 
KZ = sign~ficant d~fference at (P<O.OI) between values of 5 pg and 10 yg. 
n = srgn~ficant d~fference at (Pe0.01) between values of 8 pg and 10 pg. 

Total duration of sedation 

The mean values for total duration of sedation were 40 min, 90.83 min and 105 min after 
administration of 5 yglkg, 8 pglkg and 10 pglkg of rnedetomidine respectively (Table 4). The 
total duration of seaation was dose dependent. The total duration was increased with increasing 
dose of rnedetomidine. Analysis of variance showed that the total dvration of sedation was 
significantly different. Further analysis by Turkey-Kramer Multiple Coxnparison Test showed that 
total duration of sedation was significantly longer (P<0.01) with 8 pglkg and 10 pgi'kg as 
compared to 5 pglkg. There was no significant difference in total duration of sedation with 8 
pg/kg and 10 pglkg of medetomidine. 

Table 4. Total duration of maximum sedation in buffalo calves after administrztion 3f different doses of 
medetomidine (in min.) 

Animal No. Medetomidine Medetomidine Medetomidine 

2 
3 
4 
5 
5 
Mean 
SEW: 1.571 4.045 

++ = sirrnificant difference at (P<0.01) between values of 5 pg and 8 pg - 
nx = significant difference at (P<0.01) between values of 5 pg and 10 pg 
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Degree of sedation 

The degree of sedation was light in all animals with 5 pg/kg of medetomidine. With 8 pg/kg four 
animals (Nos. 3, 4, 5 and 6) were in moderate sedation and one animal each was in deep and light 
sedation. With 10 pg/kg of medetomidine, four animals (Nos. 1, 4, 5 and 6) showed signs of deep 
sedation and two animals (1Vos. 2 and 3) were in moderate sedation (Table 5 ) .  

Table 5. Degree of sedation in buffalo calves after administration of different doses of medetomidine. 

Animal No. Medetomidine Medetomidine MedetomYire 

2 
3 
4 
5 
6 
Mean 
SEM 0.00 0.258 0.21 1 

1 = L~ght  setlation 
2 = Moderate scdat~on 
3 = Deep sectatton 

Analgesia 

Skin analgesia was produced in all animals with higher doses (8 pg/kg and 10 pg/kg) of 
medetomidine and in only one animal with lower dose (5 &kg). 

Onset of recumbency 

The dose rate of 5 pg/kg induced recumbency in half of the animals studied (Nos. 1, 2  an^ 5), 
whereas higher doses (8 pg/kg and 10 pg/kg) induced recumbency in all animals (Table 6). The 
mean values i'or onset of recumbency were 4.33 min, 3.33 min and 2.50 rnin after administration 
of 5 pglkg, 3 pg/kg and 10 pg/kg of medetomidine respectively. The onset of recumbency was 
similar with all thrse doses and this effect was not dose dependent. 

Duration af recumbency 

The duration of recumbency was 29.33 min, 50.17 min and 73.5 rnin after admini~tr~tion of 5 
pg/kg, 8 &kg and 10 &kg of medetomidine respectively (Table 6). The duration of 
recumbency was dose dependent in that the ddratio.1 increased with increased medetomidine. 
Analysis of variance showed that the duration of recumbency was significantly different with 
three doses studied. Further analysis by Turkey-Kramer Multiple Comparison Test showed that 
the duration of recumbency was longer (P<O.Ol) with 10 &kg as compared to 5pg/kg. There was 
no significant difference in th.: dcration of recumbency with 8 p.g/kg and 10 p@cg of 
rnedetomidine. 

Standing time 

The mean value: for standing ::mz ,vpre 33.67 min, 53.5 n i n  and 76 rnin with 5 p.g/kg, 8 pg/kg 
and 10 pdkg  o: medetomidire, respestively (Table 6). There was dose dependent effect of 
medetomidine on standing time. The dose rate of 10 pg/kg resulted in a longer standing time (76 
min) followed by 8 pg/kg (53.5 min) and 5 pg/kg (33.67 min). 



Table 6. Recumbency and standing time (minutes) in buffalo calves after administl.ation of different doses of medetomidine. 

Medetomidine Medetomidine Medetomidine 

5 pg 8 pg 10 pg 
Aidimal Onset o l  Duration of Standing Onset of Duration of Standing Onset of Duration cf Standing 
No. Recumbency Recumbency time Recumbency Recumbency time Recurn bency Recumbency time 

1 4 26 30 2 9 5 9 7. 3 70 73 
2 4 42 46 2 5 0 52 1 108 109 
3 No No No 3 54 57 2 62 64 
4 N o No N o 6 29 3 5 3 43 46 
5 5 20 2 5 4 30 3 4 2 85 8 7 
6 N o No N o 3 3 3 36 4 73 7 7 
Mean 4.33 29.33** 33.67nn 3.33 50.17 53.5 2.5 73.5** 76nn 
S.Error 0.33 6.56 6.33 0.6 1 10.56 10.17 0.42 8.94 8.68 

* *  = sslgnificant difference at (P<O.Ol level) between values of 5 pg and 10 pg. 
rrx = significant difference at (P<0.01 level) between values of 5 pg and 10 pg 



Analysis of variance showed that the standing time was significantly different with all three doses 
studied. Further analysis by Turkey-Kramer Multiple Comparison Test showed that the standing 
time was significantly longer (p<0.05) with 1'0 pg/kg as compared to 5 pg/kg. There was no 
significant difference in the standing time with 8 pgkg  and 13 pg/kg of medetomidine. 

Other observations 

The obssrvatioqs of other clinical changes such as salivation, dropping head, lacrimatiorl etc. in 
the 6 experimental animals are summarized in Table 7. 

Table 7 Summary of changes observed in buffalo calves (Nos. 1-6) after administration of different doses 
of medetom~dlne 

Signs observed Medetomidine Medetomidine Medetomidine 
5 yg 8 yg 10 pg 

Recumbency 1 , 2 & 5  All All 
Sal~vat~on All All All 
Regurg~tat~on 2 & 5  2 , 4 & 5  ; , 2 , 4 & 6  
Mild tympany 1 , 2 , 3 & 5  All All 
Lacrimation 1 , 2  & 6 1 & 5  1 , 2 , 4 , 5 & 6  
Frequent ur Inatlor l , 3 % 4  3 & h  1 , 4  856 
Defecation 4 No No 
Snorlng 1 & 6  1 , 4 , 5 & 6  A1 l 
Bellowing 2 , 3 & 5  1 ,  2 , 4 ,  5 & 6  2, 3 , 4  & 6 
Head drooping All All All 
Rolling down of eye balls 1 & 6 1 ,  3 ,4 ,  5 & 6 All 
Presence of palpebral teflex 1 ,  3 , 4  & 5 2, 3,4, 5 & 6 3 
Presence of pedal ;eflex 3 , 4 & 5  None None 
S k ~ n  analgesia I A11 All 
Protrusion of the tongue None 4 & 6  3 & 6  
Dl ows~ness -- All All All 

Discussion 

The onset of sedation was dose dependent was 185 s, 63.33 s and 40.83 s with 5 pg/kg, 8 pg/kg 
and 10 pgikg of medetomidine re5pectively. Deep and rapid onset of sedation has been reported in 
dogs with 20 and 40 pdkg  (ilm) of medetomidine (Clarke and England, 1989). Vainio et a t ,  
(1989) reported that onset of sedation was within 1.5 rnin of administration of medetomidine in 
dogs. The duration of sedation was also dose dependent in buffalo calves after administration of 
medetomidine. Various morkers have reported similar observations of dose dependent duration of 
sedatlon in dogs (Clarke and England, 1989; Vainio et al., 1989) and rats (Tomizava, 1992). The 
onset of recumbency occurred within 4.33 rnin 3.33 min and 2.50 rnin with 5 pg/kg, 8 pg/kg and 
10 b.dkg of medetomidine respectively. The onset of recumbency has been reported within 10 
minutes at aose of 15 &kg and 20 pg/kg in goats (Iduhammad et cl., 1989), in dogs withi? 0.6 
min (-Jalnio el u l ,  1989), in sheep at 17.1 rnin (Mohammad et at., 1993) and in arl ferrets at dose 
of 8 pglkg of medetomidine (KO and Jones, 1996). Duration of rec~mbency was 29.33 min, 50.17 
rnin and 73 5 min wlth 5 pglkg, 8pglkg and 10 &kg of medetomidine respectively. The duration 
of r ~ c u m b ~ r c y  has been reported different with v'arious doses and species Muhammad, et al., 
(1989) observed that the duration of recumbency in goats was 1-1.5 hrs with 15 and 20 pg/lcg of 
medetomidine, Mohammad, et al.. (1993) reported the duration of recumbency in sheep as 58.1 
rnin with dose rate of 40 pdkg  and Ko and Jones (1996) qoted the duration of recumbency in 
ferrets to be 100 minutss, 53.5 inin and 76 rnin after administration gf 5 pg/kg, 8 pg/kg and 10 
pglkg of ~~edetomidine respectively. Muhammad, et al., (1989) reported the standing time in 
goats as 1.5-2 hrs with 15 an? 20 pg/kg of medetomidine. 
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Medetomidine produced other side effects such as ataxia and muscle relaxation in buffalo calves 
with all three doses studied. Th.: results are in agreement with such observations by Muhammad, 
et al., (1 039) in goats with 15 and 20 pglkg of medetomidine. Ruminal stasis was noted in buffalo 
caivss after use of rn~detomidine. Similar results havs also been reported in goats (Muhammad, et 
a1 , 1989) and in sheep (Muhammad et al., 1993). 

Medetomidine is potent CNS depressant in buffalo calves. A dose rate of 5 yglkg or  
medetomidine produces light sedation, which facilitates easy handling of animals. This dose rate 
may also be used for pre-anaesthetic medication. Higher doses (8 &kg and 10 p&g) produce 
immediate sedation in buffalo calves with animals becoming drowsy and standing quietly with 
it's drooping head lowered beyond knees. Animals eventually go into, voluntary recumbency 
within few minutes. Higher doses also produce good skin analgesia and some muscle relaxation. 
Medetomidine at the dose rate of 8 pg/kg produces moderate sedation which may be useful for 
performing diagnostic procedures as well as for minor procedures such as dressing of wounds, 
removal of sutures, opening of abscess, application of plaster casts, passing of urinary catheter, 
radiography etc. The dose rate of 10 pg/kg of medetomidine produces deep sedation, which may 
be employed along with local/regional anesthesia for performing minor surgeries such as tail 
docking, dehorning, castration etc. 

Side effects such as salivation, regurgitation, mild tympany, lacrimation, snoring, bellowing and 
drowsiness do not appear to cause much alarm except for salivation and regurgitation which need 
special attention. Saliva may enter the respiratory tract in recumbent animals and cause 
suffocation. This can be prevented by giving an injection of atropine sulphate. Saliva or 
regurgitation may cause asphyxiation, hence lowering of the head is important to allow the free 
flow of saliva or regurgitated contents from the mouth. 
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PHYSIOLOGICAL EFFECTS OF MEDETOMIDINE IN BUFFALO CALVES 
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Abstract: Physiological changes produced by three doses of medetomidine hydrochloride (5pgikg; 6pgJkg 
and lOpg/kg) were studied in six healthy buffalo calves. Pulse and respiratory rates decreased after 
intravenous administration of medetomidine, Maximum aecrease occurred at 10 to 15 minutes. There were 
11ttle changes in body temperature. Medetomidine produced a dose dependent significant 'ncrease in the 
serun3 glucose level. The maxlmum increase occurred at 30 minutes with all three doses. 

Keywords: Buffalo, medetorvidirle, hydrochloride, physiological responses 

Introduction 

Pakistan is a7 agriculture country, where livestock plays an important role by contributing 30 per 
cent of the total income from agriculture. Buffalo has an important place in the rural economy of 
Pakistan. Pakistan has 9 per cent (18.3 million) of the world buffalo population and is a big 
buffalo mi tk producer, which is equivalent to 29 per cent of the world buffalo milk production. At 
the national level, buffalo contributes over 74 per cent of milk produced by the country. The 
buffaloes of Pakistan are of the riverine type and comprise two buffalo breeds (Kundhi and Nili 
Ravi) which are rank5d as the finest breeds in the world. The milk yield of Kundhi buffaloes 
varies from 1700 to 2200 liters per lactation. However, the Kundhi breed has the potentd to 
produce 4000 to 5000 liters of milk. Pakistan is also the world's Largest buffalo meat producer. 

Various diseases affect the health of animals with consequent effects on production. Therefore, 
treatment of diseases is essential for maintenance of high standards of animal health and its by- 
products. Recent advances in the discovery of new anaesthetics, sedatives and surgical equipment 
have enabled diagnosis and treatment of a number of diseases in ruminants to be carried out rather 
conve~~iently which otherwise would have been impossible in the past. 

Medetomidine 4-[l-(2, 3, dimethyl phenyl) ethyl)-l 1-I-imidazole monohydrochloride is a very 
potent and selective alpha-2 adrenergic agonist. It is a mixture of two optical isomers, the 
dexorotatary isomer being the active component and is used as a sedative, hypnotic, analgesic and 
premedicant (Hall and Clarke, 199 1 ). 

Before its introduction into the U S  market, medetomidine had acquired extensive developmect 
and clinical history in Europe since 1989. Approximately three million doses have been used in 
Europe, where product safety and efficacy have been well established (Anon, 1996). 

The pharmacological restraint and pain relief provided by medetomidine facilitates handling of 
animals and aids in the conduct of diagnostic or therapeutic procedures. Medetornidine also 
facilitates the restraint of animals during minor surgical procedures (with or without local 
anaesthetic) and dental care where intubation is not required. The objective of this study was to 
examine the physiological responses to three doses of medetomidine hydrochloride. 



Materials and Metho& 

Animals 

A total of six healthy male Kundhi buffalo calves aged betweeri 6 to 10 months a ~ ~ d  weighing 80 
to 100 kg were used in this study (Table I) .  All animals were clinical healthy and were purchased 
from a local market. The animals were housed in loose boxes and allowed a minimum period of 
two weeks for adaptation. Calves were given physical exercse and left in the open fey grazing in 
the morning and evening. Before the experiment :he calves were vaccinated against 
Haemurrhagic septicaemia and dewormed. The calves were +%d on lucerne chaff. Feed was 
withheld for 12 to 15 hours before start of the experiments. Water was available ad libitum. 

Table I .  Age and body weight of buffalo calves 

Animal No Age (months) Weight (kg) 
I 6 100 
2 8 90 
3 7.5 8 5 
4 10 80 
5 7 95 
6 6 8 8 

Experimental design 

Three different doses of medetomidine hydrochloride (I3omitorR, Orion Corporation, Orion- 
Farmos, Espoo, Finland) were used in a crossover manner as described in the Table 2. Each 
animal received all 3 doses in rotation with an interval of at least 7 days between the two doses. 
Medetoniline was rapidly administered intravenously into the right or left jugular vein through 
an indwelling intravenouc; cannula. For precise dosage, a 1 ml disposal syringe was used. The 
dosage was calculated ot? body weight. The animals were subjected to a thorough clinical 
examination and only those animals found to be healthy were used in the study. 

Table 2. Experimental design 

Animal No Doses of medetomidine 
1" week znd week 3rd week -.-- 

I A B C 
2 B C A 
3 C A B 
4 P- E c 
5 B C A 
6 C A E 

A = 5 pg/kg, B = 8 pg/kg, C = 10 ygibg 

Results 

Pulse rate 

The baseline pulse rates were 58.5, 61.3 and 62.0 per minute with 5 pgkg, 8 pg/kg and 10 pgkg, 
respectively. These values were not significzntly different from each other (Table 3). The pulse 
rate decreased after administration of'rnedetomidine and this decrease was d ~ s e  dependent. The 
maximum decrease in the pulse rate occurred 15 minutes after administration of medetomidine. 
The pulse rate then started to gradually return towards the base line. However, with the 10 p$kg 
dose rate, the pulse rate was still significantly below the control at 40 minutes after administration 
of medetomidine, which was the last time point recorded on the day of experiment. The decrease 
in pulse rate was not statistically significent with the dose rate of 5 pdlcg, but was highly 
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significant (pi0.01) up to 30 minutes, 50 minutes and significac: (p<0.05) up to 85 and 90 
minutes, with 8 pg/kg and 10 pg/kg respectively. The mean values at 40 and 60 minutes were 
significantly lower (pX0.05) with 10 pg/kg as compared to corresponding values with 5 pg/kg. 

Table 3. Mean pulse rates (per minute) of buffalo calves after administration of different doses of 
medetorn~dine 

Time Medetomidine Medetomidine Medetomidine 
(5 pg) -- (8 pg) (1 0 pg) 

Minutes Mean S. Error Meah S. Error Mean S. Error 
Control 58.5 3.344 6i 333 3.412 62.00 2.828 
5 52 00 2.53 4 .167** 4.339 43.667** 3 3 4 7  
10 50.333 2.848 40.500** 3.344 40.00** 3.141 
15 48 667 2 348 39 667** 2.6'6 35 00 * 3.416 
20 49.333 2.044 42.jO** 3.096 43.333** 4.145 
25 52 00 I .932 44.00% 2.92 1 44.00* 5.292 
3 0 53.333 3 169 42.667** 2.290 39.833** 3.936 
3 5 53 333 3 252 46.333 3.323 42.0@** 4.782 
40 56.333" 2.44j 46.167* 2.994 42.50Y*" 3.948 
4 5 55.333 2 565 45.333* 3.040 43.833** 4.246 
50 57.00 1 693 46 333 ,' 2 I55 45.667*' 3 667 
55  57.00 2.352 50.667 3.712 46.833" 3.31 1 
60 60 OOn 2251 51.50 3 384 45.167"" 3.038 
6 5 59.333 3 040 48.00* 2 251 47.333" 2.906 
70 57.333 2 404 48,667* 1.587 48.333" 2.753 
75 56.00 2.582 49.667 2.753 47.00* 2.671 
8 0 55.00 2 352 48.567* 2.108 42.00 - 2.00 
85 57 00 2 517 47.567* 1.498 48.00** 1.770 
90 58 00 2 422 49.333 2 231 48.333" 2.539 

* =-Significantly d~ffel-ent at (P<O 05 levcl) fro~n baselme value 
* *  = Sign i l i~~~nt lq  d ~ f k r e n t  dt (PLO 01 level) fiorn basel~ne value 

n: - S ~ g n ~ f i ~ a n t  ditferent dt ( I W  05 levcl) between values of 5 pg and 10 pg 

Respiratory rate 

The baseline values for resp~ratory rate were 32.3, 3 1.3 and 25.3 per minute with 5 @kg, 8 pglkg 
and 10 pglkg, respectively. These values were not statistically significant from each other (Table 
4). There was significant decrease in respiratory rate after administration of medetomidine. The 
maximum decrease in respiratory rate occurred at 15 minutes with 5 pg/kg and 8 pg/kg and at 1 C 
minutes with 10 pglkg of medetomidine. The respiratory rate then started to gradually return 
towartis the base line. The decrease in respiratory rate was highly significant (p<O.Ol).up to 20 
minutes, 50 minutes and 45 minutes and significant (pi3.05) up to 30 minutes, 65 minutes and 50 
minutes with 5 &kg, 8 pglkg and 10 pg/kg of medetomidine respectively. 'The mean values at 30 
minutes were significantly lower (p<0.05) with 8 pg/kg as compared to corresponding values w ~ t h  
5 pglkg of medetomidine. Similarly mean values at 40 and 45 minutes were significently l o ~ e r  
(pC0.05) with 10 pglkg as compared to cor-responding vali~es with 5 pg/kg OC aedetomidine. 

30dy temperature 

The baseline values for body temperature were 99.96 OF, 100.90 OF anti 1 100.07 OF with 5 pglkg. 8 
yg/kg and 10 yglkg respectively (Table 5). There were little changes in body teaperature after 
administration of medetomidine. Statistical analysis showed that there was no significant 
difference betweeq the three doses as well as behveen control and post-medetomidine values. 
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Table 4. Mean respiratory rates (per minute) of ~uffalo calves after acministration of different cioses o f  
rnedetomidine 

Time Medetomidine Medetomidine Medetomidine 
(5 ~lgb (8 pg) ( lo p@ 

Minutes Mean S. Error Mean S. Errow Mean S. 

Control 
5 
10 
15 
2 0 
2 5 
30 
3 5 
4 0 
4 5 
50 
55 
60 
65 
7C 
75 
80 
8 5 

Error 
1.520 
1.276 
1.014 
0.816 
1.014 
1.lOZ 
0.954 
1.202 
1.05.1 
0.9Y 
c.422 
3.127 
2.872 
3.303 
3.825 
4.228 
4,341 
3.827 

90 3 1 .OO 2.955 2 1 .OW 5.922 21.833 4.438 
* = Signlficantlq different at (PC0 05 levcl) from baseline value 
* *  = S~gnlficantly different at (P<O 0 level) from baselme value 

7t = S~gntficant different at (P<O 05 level) betbeen values o f  5 pg and 10 pg 
+ S~gn~f i can t  dlirerent at (p<O 05 level) between values of 5 pg and 8 pg 

Serum glucose 

The mean control values for serum glucose were 59.61 mgld: and 71.73 mgldl with 5 pglkg, 8 
p d k g  and 10 &kg respectively. These values were not significantly different from each other 
(Table 6). There was significant increase in serum glucose level after administration of 
medetomidine and this increase was dose dependent. Maximum increase in serum glucose level 
occurred at 30 minutes with all three doses of medetomidine. The serum glucose level then started 
to gradually return towards the base line. Serum glucose analysis at 90 minutes showed that by 
then it had returned to the base line in all three doses (as statistical analysis showed no significant 
difference between control values and those at 90 minutes). The mean values for serum glucose 
level were significantly lower at 5 minutes (p<0.05), 30 minutes (p<0.01) and 90 minutes 
( ~ 4 . 0 5 )  with 5 pg/kg as compared to corresponding values with 10 pg/kg of medetomidine. 
Similarly, mean values at 60 and 90 minutes were signiiicantly :ewer (pC0.05) with 8 pgkg as 
compared to corresponding value with 10 &kg of medetomidine. 

Discussion 

The pulse rate of buffalo calves decreased after administration of 5 pg/kg, 8 &kg and 10 yglkg 
of medetomidine with a maximum decrease at 15 minutes with all three doses. The results 
revealed that there was a dose dependent effect of medetomidine on pulse rate. Decrease in pulse 
rate has also been repof~3d by other workers when medetomidine was used in dogs (Clarke and 
England, 1989), sheep (Mohammad et al., 1993) and goats (Muhammad et al., 1989). The 
respiratory rate decreased significantly with 5 pglkg, 8 pgtkg and 10 pglkg of medetomidine. 
Other workers have also reported depression of respiratory rate when medetomidine was used in 
dogs (Clarke and England, 1989), goats (Muhammad et al., 1989), sheep (Muhapmad et uL, 
1993) and rats (Tomizava et al., 1992). 
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Table 5. Mean body temperature (OF) of buffalo calves after administration of different doses of 
medetomidine 

Time Medetomidine Medetomidine Medetomidine 

Minutes Mean S. Error Mean S. Error Mean S. Error 
Control 99.967 0.668 100.90 0.3 13 100.07 0.424 

Table 6. Mean serum glucose (ngidl) of buffalo calves after administration of different doses of 
medetomidine. 

Time Medetomidine Medetomidine Medetomidine 
(5 pg) (8 pg) (1 0 pg) 

Minutes Mean S. Error Mean S. Error Mean S. Error 
Control 59.6 17 1.736 58.650 2.999 71.733 5.835 

90 66.900" 2.946 68.28* 4.887 87.550" 4.610 
* = Sign~ficantly direrent at (PC0 05 level) from baseline value 
** = S~gn~ficant ly  dlfTerent at (PC0 01 level) from baseline value 
.rr = Sign~ficant different at (D<O 05  level) oetween values of 5 pg and 10 pg 
z.rr = S ~ g n ~ f i c a n t  d~fferent at ( P 4  01 levcl) between values of 5 pg and 10 pg 
+ = Sign~ficant different at (P<O 05 level) between values of 8 pg and 10 pg 

This study revealed a significant effect of medetomidine on serum glucose on buffalo calves. The 
results show a significant increase in serum glucose. This finding is in agreement with findings of  
others (Muhammad et al., 1989). who used medetomidine in goats. The body temperature slightly 
changed after administration of  medetomidine. However, other workers have reported that 
medetomidine causes hypothermia in dogs (Clarke and England, 1989) and in goats. No such 
change was noted in buffalo calves in this study. Medetomidine produces a number of side 
effects. Decrease in pulse and respiratory rates and an increase serum glucose levels have been 
recorded in all buffalo calves used in the present study. These changes may not be important in 
healthy animals but care must be taken in patients with hypovolaemia and with respiratory and 
renal insufficiencies. 
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SYMPOSIUM - IV 

Health 

Discussion 

Q. D.K. Seneviratne - A disease syndrome has been encountered in the field, where a large 
number of calves were dying of diarrhoea. Co we h ~ v e  tests to identify viral diarrhoea? 

A. N.P. Suni? Chandra - The spread of infectior should be prevented by isolating diarrhoeic 
animals. There could be a number of causes for diarrhoea, e.g. bacterial or viral. Among bacterial 
infections, E. coli may be involved. In the case of viral infections, rota virus can be suspected and 
diagnostic tests should be directed to identify the caxative agent. A sample of stools should be 
examined. Florescent antibody test (FAT) can be employed to detect rota viral diarrhoea. 
Diagnostic kits are also available. In order to control the spread of infection, hygienic measures 
should be adopted. 

Q. N.P. Sunil Chandra - Is there any change in the multi.;.:ication of the bacteria? 

A. N.U. Horadagoda - By inoculating 2cdotoxin of Pasteurellu multoeida many pathological 
lesions were produce< which can be considered as a virulence factor. 

Q. D.H.A. Subasinghe - What is the level of infectioddisease that could be elicited by this 
method? 

A. 1U.U. Horadagoda - It appears that there is a dose relationship between the endotoxin and 
the disease. 

Q. N.P. Sunil Chandra - The experimental methods used by you to activate the carrier status 
may not be the ideal. Did you confirm the establishment of "latent carrier" status in the 
experimental animals? 

A, ?. Abeynayake - We tried to simulate the natv-a1 stress condition. However, it may have 
been better if we had ~erformed an autopsy and isolated the organisms. 

Q. D.H.A. Subasinghe - Prio- to the establishment of carrier state in the experimental 
animals through artificial means, would it not be possible for them to have had a latent infection, 
detectable p2rhaps by an HA or by more sensitive immunological or olhe; techniques? 

A. Thula Wijewardena - The absence of the c a ~ i e r  status in the experimental animals was 
established by serologisal studies conducted on them prior to the commencement of the 
experiment. 

Q. D.H,A. Subasinghe - I believe that there could be a host of factors responsible for causing 
a latent carrier to spontaneously shed the pa thoge~k  organisms initiating an outbreak of disease 
as observed particularly under field conditions. What would be your comments? 

A. P. Abeynayake - Yes. A multitrlde of factors could come into to play, for the 
commencement of an outbreak under field conditions. 
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Abstract: The buffalo, mankind's most -~aluable animal genetic resource, is predominantly an Asian animal 
with small populations scatterelc: IK some 40 countries in other continents, Of the global poputation of 159 
million buffaloes, 133 mill~on (97%) are In Asia and the Pacific, conxributing significantly to its rural 
econonly through milk, meat, draft and hide More than 60% of the annual milk production has made the 
buffalo the backbone of the dairy industry in India, and the largest producing country in the world. Thus, the 
onus oi'developing this wonderful animal lies vith these countries. 

In the last two decades, iesearch interest in the baffalo has grown and the application of biotechnoiogy is 
cons~dered Yecessary for improving the produ-tivity of the buffalo. The first generation biotechnology 
lncludes oestrus detection, oestrous synchronisation and artificial insemination, In fact, artificial 
insemination and frozen semen technology has been the greatest inventions of the animal scientists in the 
lasl century, which has transformed animal praducti-ray, especially in cattle Aithough the Erst artifi~rcially 
bred calf was produced in India in 1943, subseque~t efforts in field use have not been very succ-essful 
because of' poor coverage of the breedable pc7u1ation, poor selection of breeding bulls and 7oor technic-aE 
sk~lis at  he grass root level. The second generatron blotechnoiogy includes embryo transfer and associated 
technologies such as it2 vlvo/in vifrs embryo production, embryo cryo-preservation, embryo transfer, embryo 
sexing and embryo micro manipulation, which are being used or i-nprovised for use in the laboratory and in 
farm a~rirnals, Cloning (using embryonrc, foetal and aduIt somatic cells), rransgenlcs axld embryonic ssem 
cell technology have the poterltial to revolutionise buffalo productivity in I"uture This paper leais with as 
overview of the potential and prospects of application of bioteehnology in rmproving the productivity ofthe 
buffalo. 

Introduction 

The b~iffalo, mankind's most valuable animal genetic resource, is predominantly an Asian animal. 
Thc globat buffalo population is estimated to be about 150 million in some 40 countries, of which 
133 n*illion (97%) are in Asia and the Pacific. India alone has over half the population (about 78 
million) and China has the second largest popul&tiofi (22 million) af buffaloes in the world. In 
most countries, buffalo numbers are increasing steadily. 

Buffaloes contribute significantly to the rural economy through milk, meat, draft and hide. The 
contribution of about 50% of the annual milk production has made the buffalo the back bone of 
dairy ~ndustry in india, and the Iargest milk prod~cing country of the world. This has happened, 
in spite of the fact that in any planned programme for improving animal productivity, the cow in 
preference to  buffalo has enjoyed the monopoly of the organised sector and there has been a 
failure to realise that the buffalo s o ~ p l e r n e ~ t s  and not competes with cattle, Additionally, lack of 
adequate in-frastructural f~cilities in the past has also deterred the application of modern genetic 
and biotechnological methods in bringing about genetic improvement. 

The buffalo has some itlherent deficiencies such as delayed puberty* weak behavioural oestnrs, 
poor conceptiorl, long post-partum anoestrus and inter-calving intervals and seasonall$ in 
breeding. The genetic improvement of these traits will enabl~, buffaloes t o  hold their ground 
against the cattle. While plaming the strategy for the genetic improvement, the change must be 
rapid ar?d achievable in the shortest ?eriod of time, In the last two decades, research interest in 



AppIicarion of Biot&chnology in improvement ofprodzrefivity 

buffalo has grown and the application of biotechnology is considered necessay for improving the 
produotiviry of the buffalo. 

There have been different generations of biotechnology in the improvement of the productivity of 
the buffalo. The first gene ratio^ biotechnology includes oestrus detection, oestrus 
synchroni~xition and artificial insemination. The second generation biotechnology includes 
embryo transfer, in vitra production of embryos (including ovum-pick-up, in vitro maturation, in 
vitro fertilization, in vitro culture/co-culture), embryo sexing etc. The emerging, third generation 
biotechnology are cloning, transgenics, embryo stem cell technology etc. 

Oestrua Detection, b t r u s  Syn-chronisatiors and Artificial Insemination (-41) 

Qestrus detection 

Accurate detection of onset ol* oestrus is a challenge in buffaloes. Acceptance of the male is the 
most reliable sign of oestrus in the buffalo, however, less than a third of buffaloes in oestrus are 
detected by homosexual behaviour. Other clearly deEned behavioural oestrus symptoms viz. 
swelling of the vulva, discharge of clear mucus from the vulva, increased frequency of 
micturition, restlessness, repeated vocalisation and a drop in milk production are not as 
prominent as in cattle. t ow  progesterone profile and lower oestradiol 17-P elevation at oestrus 
are primary causes of poor oestrus expression. Many buffaloes exhibit suboestrus or silent 
oestrus. Intensity and duration of oestrus varies from season to season. During summer, most of 
the buffaloes express oestrus during the coolest hours of the day (10.00 pm to 6.00 am}. 
However, with improved wanagement and by providing thermal amelioration to the housed 
animals, more buffaloes express detectable oestrus duriqg summer, 

Oestrus synchmizsttion 

Oestrus synchronisation facilitates oestrus detection and controlled timely breeding. As the luteal 
phase of the bubaline oestraus cycle is susceptible to external intervention, two basic techniques 
in use are: 

1 .  Prolongation of thg; lutsal phase of the oestrous cycle by exogenous progesterone or 
progestagens 

2, Inducticn of Iuteolysis by exogeno:ls nrostaglandin E2 a 

A combination of the above two mp,thods car, ~ l s o  be used. 

Use of progesIcrone/pmges3c~gen 

Progesterone and synthetic progestagens have been successfully used to synchronize oestrus in 
the buffalo (Rao and Rao, 1979; Rao and Rao, 1983; Shankar, 1986; Bhosrekar et al,, 1994). 
Recent studies indicate that progestagens act via a mechanism of negative feed back on LH 
secretion, probably by reducing the tH pulse frequency. Common methods for administering 
progestagens for oestrus synchronisation are: 

Entravaginal spoage pessaries: Sponges are generally impregnated with 3 gm of natural steroid 
or 200 rng of prowtagen Iike FGA fFluorogestone acetate). They are usually used over a short 
tern period (9-1 0 days) with an  estrogen-progestagen injection given at the time of initiation of 
treatment. 



Pr~ge~vter~ng rel~as-r'ng 2atrcrvlagi.~d device (PHD): A mehl spimf eoa&d with progest?:ro'nr= 
impragn&ted silicone rubber is inserted in the vagina slow with a @lath capsule eontaining 10 
m-g- sestradloi benzoate and ratairred for 12 days. 

Svbcu~arz-eou~~ impi~uc: Syncro-Mat&/Cre%~~ an e&r implant cantaiaing 6 mg d arm extmmel.y 
parent progestagbn wofgestomdte) is inser~ed along with an LxmrnusctrTar iirjectian of 3 ntg 
Nsrgc%omate and S ~ n g  owtradiol valerate at the t i m ~  sf implant i.n.sertian. The removal of 
imwlant after a 9 day period restilts irr a satisfactory oestrus response @4-48 hrs afkr removd) 
and accey;hbIe fertility. 

The- e~agmcrus progesfrrane suppty prolongs the tu4eaI phase of the w l e ,  As long as tile 
pra'gesterone csncentr&tion is maintained high in the blpod, the animal does not gxhibit oedtruh 
Wit): the withdrawaf of the exogenous source of progest~one-, the blood Iwels of progesterone 
drop dawn, mimfcking the proestms endoerinolbgicaI ~unditions and barffatneits come info oestrus 
~ 4 t h  rwisonable synahrony. 

When ex6gmous p~osta&l@ndifl (PGF?a] i s  used in a buRa1o wifh a susceptible C L  [Day 6 to 17 
of ~ y e 1 ~ > ,  the piasma progesterone level rapidly declines to o: I n& ml within 24 hours:. Qestrus is 
uss-'uaIly exhibited within 36 to 77 hours {Perer-ra et el., 1977; R36 and 'Raa, 19%; Sh-dnkarr, 1986; 
Ra-iesbwa~an as' at,, 1 B92). A ~irrgle injection of PGEzct should result in oesttus in 50 to 65% of 
cycling animals. A~econd injection given 1 I days l a t ~ r ~  re~uits ).TI synchroniwd Wstrus in 90% af 
the animals, Syn~hronimtion of oestrus is Found to b e s ~ t t e a  after six0tl.d PGFZa injecticsrr than 
a h  the f i t .  This map be because ~f synchronizatjor? of Fotli~ular &wlopment before the 
seconsl in j~t jon ,  

Prlrge:;fq~-p~st~1'gi~32dirr camhinafit???: TO synohroniw oestms in the animals not in the lukal 
phase [ ~ n d  helllce nm-susceptilrle to P"GFaa), all the animafs &re put uadev progestagen treatment 
for a 7 day p&iad (using IMPLANTIPRID]. A lutwlytstic dose of PGF2a is administered 24 h 
before or at tbe time of progestagen withdrawai, This combination atraids the need for 
oestrogm/p~o~stapn doses at the start af progestagen treatment 

T ~ B  A1 technology anabltd the srganisatiafi OF gendic improvement in cattle in Europe s l d  
Amerisi ddrnirzg the 1960's and is coosidered ta be the mast outstanding and powe~ftnk tool irr the 
hmcls of animal sdentists for the genetic impmvement of the 1ivestot;k. The genetk @in through 
Al is. achieved by full utilisat-tiow  fa proven aIi"tc: bull to p r a d u ~  hundred8 sf superior pprrrpies. 
Therefore, the suc~ess elf Sil primarily depefids wpon the intensity an.d accuracy of sele~tiirrr 
exemif on the breediflg bu1.l~ and cowrage of large population through Al, 

Although the .firs% artif?c"ally b ~ e d  AX buffalo calf Yvas produced at? the Agriculture Inse'itarla, 
Allahabad in 1943, subseq~ent eflorts were not very succes~ful because of poar Gover~N (only 

- about 1 0%) of bree$%ble (about 41 millian) pp~llation, F o r  seiedian criteria adopted to select 
bulls fcrr breeding purposes and rha lack of adequae technical lenw4xm at the grass root levt-1, 
%heire this ~ c h i g u e  cmld effect .a ckange in terms of produetiof-t . 

' P ~ p r y  testing (13T) is one of the seiecfion indices used by animal geneti~ists tn malaate the 
genetic merit of bulls with rt!gtifds to several aaitq that are heritsb-le to its progenies- In this 
selecuio-n method, bu3s that are ;elacted nretienlously are albtted to a blfnuplir~ea covdrrg the 



female population through Al. The daughters born to different sires a;.e evaluated for their traits 
inherited from their father, especially the production traits. These are then compared with their 
contemporaries for the genetic gain achieved within them and thus the bulls having a positive 
index are rated as progeny testec', which can be used to c3ver a large popu~&:ion. 

The Indian Council of Agriculture and Research (ICAR) initiated thz PT scheme in India as early 
as in 1973 at selected centres and under the All India Co-ordinated Research Project on buffaloes. 
Under this project the National Dairy Research Institrite O\IDW), Central institute for Research in 
Buffaloes (CIRB) and the Punjab Agricultural University (PAU) has progeny tested some buffalo 
bulls (Sethi, 1999). In Gujarat, the field progeny testing is being carried out by the National Dairy 
Development Board (NDDB) under the project "Dairy Herd Improvement Programme Action" 
(DIPA) to improve milk production in buffaloes at the grass root level. About 250 bulls have 
been subjected to testing so far and the proven Murrah and Mehsani semen is now available for 
use. 

Cryopreservation of Sperm, Oocyte and Embryo 

Gryopresewation of buffalo sperm is a routine practice, but freezing of buffalo embryos is a 
relatively new endeavour to preserve the germplasm for future use. Oocyte freezing is still in the 
process of standardisation to optimise efficient post-thaw survival. 

Principles in cell and embryo cryopreservation 

In the process of cryopreservation, metabolism of cells, tissues and embryos is weversibly arrested 
and they are kept in a state of suspended animation for indefinite period, without ir;le:.fering with 
their viability.  everth he less, two injurious factors experienced by cells during freezing are: i) 
sohtion effect, ii) intracellular ice formation. These adverse effects are counteracted by using a 
suitable concentration of cryoprotective agents (CPA) and proper rate of cooling. In general, 
injury associated with " solution effect" is more pronounced at slower cooling rate while 
:ntracellul;ir ice formation is an outcome of higher cooling .ate. Thus, txovement of water across 
the cell membrane plays a key role and is governed by the nature a d  concentration of 
cryoprotective agents (CPA), duration of application, permeability of the cell membrane and rate 
of freezindthawing. The commonly used CPA are classifed as: a) ?emeating solutes of low 
molecular weight such as glycerol, dimethyl sulphoxide, glycols and alcohols and b) non- 
permeating solutes of low and high molecular weights such as sucrose, polyvinyl pyrolidone, 
dextran, serum and bovine serum albumin. The use of CPA results in reduction in the amount of 
water that freezes as ice at sub-zero temperatures by organising neighbouring water molecules. 
There is a positive correlation between concentration of CPA and their cryoprotective activity, 
however the higher concentration of CPA is harmful to the membrane lipids and electrolyte 
transport. 

Cryoprescrvation of buffalo sperm 

Since the discovery of the cryoprotective properties of glycerol in 1949 (Polge et al., 1949), the 
cryopresexvation of spermatozoa has had a profound effect on livestock breeding. The methods 
developed for cryopreserving sperm in cattle have been found generally applicable to buffaio 
also. Aftet the first successful attempt at freezing buffalo semen (Bhattacharya and Srivastava, 
1955), it is now routinely frozen in India (Bhosrekar et af., 1994; Misrti el  al., 1994b) and severaf 
other buffalo rearing countries (Shabbir et a/. , 1982; Vale, 1997). 



The atrility to store mammalian ooocytes at subambient temperatures for exte~ded periods of time 
would est~hlish oocyte banks ro preserve pure genetic resouraes beaides facilitating their we far 
research, as well as fm commercial Durposes, Attempts havve been made to develop techniqu~s for 
~ r y o p r e s e a t n  of bovine oocytes using ~onvefonixl, slow freezing and vitrification methods* 

The prirn~yy problem wit? cryopresemation of oocytes is the low pemntage that retain their 
abili'1y to undergo normal maturation and f&rtiIisation, primarily dwe to an increase in 
rnorphologic~l abnomslities, a decrtrase in &ocyte fertjlity and an increirsz: in e%romoscrmaf 
fisblji;arrnalitiw. Japanese wcrrkers 'hztvi.e reported the production of normal offspring from oocytes 
Pozen-r;?awe& a$ the ma-tue stage and fertitixd i~ vitr-0 (Fuku et G I , ,  1992 and Obi eL al., 1996). 

.n vitrific~50r; of buffafa docyes, mrnuilus oophoru~ complexes (COCs] are aspirated in a 
medium eonsistieg of TCM-199 t 5% oestrus buffalo semm (EBS) and Dubecco's phosphate 
buffered saline (DPB3) + 0.6% BSR at a 1 : 1 ratio {VNj- Vi&ificatiort medim consists of 3.5 to 
4.5 M Ethylene glycol, 3.4 M Dimethyl sulph~xide, 5.36 mM CEucose, 033  mM Sodium 
pyruvate and 0,4% wlv SSA in DPBS, Equiliberafia~ mlutioa is prepared by 543% dFlution of the 
vitr.tr-iEc,atiofi medium in DPBS, Prior to vitrification, the COCs are exposed to equilibmafion 
kediurn for 3 min at room temperature (25-310" G). Groups of 4 to 5 5o;ocytes &re then placed in 
vitri.fic%ation medium and immediate1 y loaded into 0.25 m3 Fren~h straws containing 150 yl of O d 5  
M Sucmse in DPBS, Ths drnws are placed in liquid nitrogm vapour for 2 min and then plunged 
into liquid nitrogen. 

The straws are thawed in water at 28' C for 20 eec and the oacytes are equilibrate6 for 4 min i ? ~  
0.5 M fiiw~twse in a 006-step dilution, (Dhali et 01, ,2000). 

VItrifica*ian of buffalo oocytes have been reported with subsequertt 18.1 to 75.0% {Nag; aid 
Mauryz, 1997; Saxena, and Maurya, 1999) and 24 tto 33% (Dhali et a!., 2000 maturation rates, 
However, birth of bufR1a &vet+ fdiiawing cryopresemtion of  Seffalo ooeytas has yet nwt been 
re~rtt""d, 

Like semen, buffaio embryos can be cryopresenied and stored in +3e: arnbryo bmk for future use. 
Methods used for the cryopreservation of embryos are: 

CEyce~ol(1.011.4 h r ~ )  in holding media (DPBS + 0.4% BSA) is used a's ery~prnkctant. Embryos 
selsctcd erc kqpt in ?reez;rrg medium (holdifig medium 3-1 .@13.4M glyceroI) far giycerolizatisn 
for 20 rnin at roo* temperature (25'C), During this period cmtrry~s a E  loaded into the middle crf 
a 0.25 ml f 1 33 mm long) French straw, guarded 5y two air pockets. Only orle embryo is packed in 
one straw, l-abdled %r identification ana sealed. Embryo freezing is cmied out in a 
programmable bbifreezer and embryos &re e.o.oX& to -33°C in a crsnkrolld manner as per 
fojlowiny, profmol: 

1. Cooling rate 4 "C per min from. roam tmpc=rature to O "C. 
2. Straws laded  with embryos are transferred to freezer. 
3. Cooling rate I 'CJmin: fram 0 'XC to -7 OC. 



4. Mold at -7'C Far 5 tr?;n and seexi ~ h &  straws manually by touching with pre;l:nolecrl fin 
liquid nitrogen) fotcep at a laeati~n distant fram embryo, 

5, ~oldaga,ain&--7~€for5min, 
5. Cod ing rate 0,4 "Ctrnin fon -7 "C t~ -33 'f2, 
T Plmge straws into liquid ni~ogs:gl(- 196 "C) . 

T k i x g  a d  removal ofcryop~oteaa~t: Embryos ase thawed by direst Qmsfer of frozen H ~ W S  
from liquid nitr~g13-u to a water bath ~Tntaingd at 3?aC;1 far 30 set. CryapraEectant is removed 
using sumase in a conewtration af Iower md;ari@ than the glyceral ia folojl~wing three steps, 

Step 1 : CfVxJ5 It3 gfyeerol plug 0.33 M ulamme in h~ldingmediu-m. 
Step 2: 0.47 M glycerol plus 033 iW w c r m  in bal$ing medjurn. 
Step 3 : 8.33 M sucrose in hnidmg medium, 

in each stq, the e r n b ~ ~ s  we allow4 to remain in c ~ a t w t  with &E dilutio.n medium for 5 min. 
The m b y o s  &re then tr&nt~femed i n t ~  holding medim and msbs4 %r ~ m f . ~ ~ * a l  and quai@. 
Thw&t,er, they are Imided inte the @raw f0-f trans* into rwipients+ 

Buffalo emb~r i ;  hwe k e n  satccess.fislly eryopre%aw~d [hfi~ra et sl., TY9Q; Mism et QI., 1992) 
and QB~VS have b a n  p ~ d u &  f r m  h z e n  ssumbqos "(asiraj ef a?., 19933 Our goup  had Fraztm 
wer 734 buffals embqos a-nd aheut 150 f roze~  buRalo embryos are, ~ i f l  available with the 
NatienaE Dairy kvelopment Bmrd. Use ~ f s u c b  buffalo em%~c)s Q B ~ H  field ~&i.i'hbns (at SWe 
ET Cantre) hme given up t~ 5 51 ,@2% C25149) prqnancy m d  48,958Pb [ZSMB," ~ a l v k ~ g  rates (Singh 
er d, 199c(l. 

Technolo-gy of direct ffan~fer of fr~m-&awed baffklcr embryos and v i t ~ i f l a t i ~ n  af: buffah 
embryos to poducs: ~afves, which hm b ~ m  sus~~sdii l ly uslest in cattle2 m d a  ta be devaloped. 
Fdd~tkod~ the dk&t tmnsfer of frosn-ahmd cafile embryos and vitriflc~tian are gken below: 

The &flip 10 xransfer fi.oam embryos directly to rra~ipient fmafes aAer thawing woalld be a 
eonvenien~e iin. the. apapplicabn ~f embry6 pmsfer i%cknola@- This would s l s~  help iix 

Reducing the time eqaired for the ca~lventicwlal n@pwise tbawifig ~f fm&n mbp08 md 
mikes rPe transfer pracedure emier. 

* Using the rwipknts which are iavail&h fer $: f imiid am~unt. af time w& day pinee tile 
direct tms& would be n quicker prates, 

* Better me of the recipients withour disrupting the hetd &&~&gement, 
0 El:liminafiiu!g the nmd fop trained earrbvol~&is$s to be pik31~~1i &h$ embry~ tg.ans+r* 
* El?minating lsphratow fwility &ring the e a k y o  m s f ' ~ r ~  s i ~ m  the embryo-s am not hapkd1ed 

amtsid~ t h ~  straw. 

F~eeZing r~fedry@$: Bovine 4~bfy63 (day 7.0 to 7,s ) me equilibrated h 1.5 M ethybums giycol 
@a) for 20 mjnuteg. They argp.acked 'in a,25 ml straw8 wnt&ning a central e~ltimn of 3.5 M BG 
with the gr~brya and a ~olumn at e d  of the smw mata3ning Iza2din.g mudiurn. A ratio af I 
pari EG to 3 parts halding medium is m~inhimd in ~ach  skaw and the straws a& seafd. ~mb3.yo 
Breezing' i s  carried w t  in a pmpmm&le: bij~fi-eezr ;and embryos are c o d 4  $0 -35°C as pbr 
f~rlovving pr~tocol I a 

* S&~W"PSF@ plwed kt0 B w w w a b l e  freezer at -t:-7,C, 
Hal4 at -7°C fix 5 min and s~ede;d, 

* Hold @gain vt -PC fm 5 nin. 
* Farher wo1ing at Q,SG.Ghin from -7'C to -35°C. 
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* Alter 15 minutes at - 35"2 embryos are plunged into ;iquiC nitrogen (-196QC) 

Tranqer: After thawing at 30°C in a water bath, the embryos are directly transferred into 
recipients. 

The pregnancy rates for the embryos frozen and transferred directly to recipients was 50'34, whic;? 
is comparable to the pregnancy rate of embryos frozen in glycerol and rehydrated using a step- 
wise procedure for transfer (Voelkel and Hu., 1992). 

Deep freezing and transport of embryos is now well established and commonly empCayed in 
cattle and buffalo. In conventional freezing, embryos are dehydrated by slow cooling to -30°C to 
-60' C in the presence of molar concentrations of cryoprotective additive and warming is carried 
out in a water bath at 37'C. This approach is classical one. But there is now a new promising 
approach called vitrification. 

Vitrification is the solidification of a liquid brought about by an extreme elevation in the 
viscos~ty during cooling so that the solution is said to become a glass. This requires the presence 
of high concentrations of a cryoprotective agent (nontoxic to the embryos), high cooling and 
warming rates that borh intracellular and extracellular compartments be vitrified simultaneously 
in order to siuccessfully vitrify embryos. 

Freezing: The embryos are exposed for 10 min in a mixture of 10% glycerol and 20% ',2 
propanediol in PBS. After a 10-min equilibration period at room temperature, embryos are 
aspirated at the tip of a pipette filled with the extracellular vitrification medium (25% glycerol + 
25% 1,2 propanediol in PBS) and pIaced in a column (5mm long) of the same medium, located 
into a transparent 0.25 ml French straw. This column is separated by two air bubbles, from the 
diluent (IM sucrose in PBS solution) on each side, Immediately after loading, the straws are 
plunged directly but progressively in liquid nitrogen (Massip et al., 1987). Others have used 25% 
ethylene glycol, 20% w/v PVP and 20% w/v sucrose in PBS as the vitrification medium 
(Hamawaki et al., 1 999). 

Warmmng and dilution ofcryoprotecta~t: Warming is done by immersion of the straw in a water 
bath a1 20" C until ice has disappeared in the diluting medium. Soon after warming, the content of 
each straw is expelled into an embryological glass cup and left for 10 min. Thereafter, the 
embryo is pipetted one to three times in holding medium. With this approach fifteen froxr  
thawed cattle embryos gave 46.7% pregnancy (Massip et a!., 1987). 

Embryo Transfer Technology (ETT) 

Buffaloes have low reproductive ability, which iimits the extent of increasing the selection 
intensity and the effective utilisation of genetically superior females in the population, This iq 

turn reduces the rate of genetic progress of these animals. However, it is possible to overconle 
this limitation by using the embryo transfer technology. In ETT, an elite buffalo which excels 
over its contemporaries with regards to the productive genetic traits is considered as the donor 
animal, which is then superovulated using gonadotrophin hormone to induce multiple ovulations. 
Genetically superior bull (progeny tested) semen is used for inseminating the donor. The donor is 
flushed on day 5.5 - 6 of oestrus, to rol'ect the embryos. The embryos are transferred into the 
synchronised recipients of no genetic importance. The experiments carried out and the up-to-date 
practices show that by applying ETT, it is ~ossible for one donor to produce annually 10 - 15 
calves, and at times even more. 



Appl~catron of b~otechnology rn improvement ojproductlvrty 

Embryo transfer technology has a number of advantages and its use could contribute to increase 
the genetic potential of the buffalo population as f~!!o-~vs: 

Rapid proliferation of the elite female breeding stock 

The low fecundity of the buffaloes can be overcome by the use of superovulation and 
transplantation of embryos to produce an increased number of progeny calves per donor. 

Production of elite breeding bulls 

Available stock of A1 bulls is not only insufficient but is also mostly of substandard quality. With 
the buffalo, there is no scope for importing semen from bulls of superior genetic merit from any 
other country, as India has the best milch breeds, Accordingly, production of high pedigreed bulls 
are essential for the normal national A1 programme. At the natural rate of reproduction, it does 
not seem feasible to meet the requirement of bulls from the elite female stock. Heme application 
of ETT is the only logical solution. 

Sire evaluation through sibling testing 

Routine E,T techniques can be applied to produce bulls, which can be evaluated on the 
performance of their siblings (and half) in a very short period of time. An alternative strategy is 
to use MOET to distribute the progeny of selected rnatings more widely across the national herd 
and to select teams of young bulls for A1 records of their full and half sisters, under the Open 
Nucleus Breeding System. In this way, the average genetic superiority of the bull is exploited 
more rapiclly than conventional progeny testing. This MOET scheme operating from centralised 
farms may be particularly useful in developing countries liks India, which lack the widespread 
recording systems. 

Conservation and preservation of the endangered breeds 

It is now emerging that some of the native breeds of buffaloes are dec1i:iing rapidly and this may 
cause their eventual extinction. ET offers scope for the rap:< multiplication of the population of 
these breeds of buffaloes. 

Economic transport of livestock 

Compared to live animats, hundreds of cryopreserved embryos can be transported globally in a 
small crycrcan involving very little cost. Also, when these exotic embryos are used for the 
production of calves using native recipients, the calves gradually adapt to the local enviro~meni 
and are more resistant to diseases. 

Future application through research 

The economical production of large numbers of high quality em3ryos is a well defiLled goal of a 
commercial embryo transfer programme. However, the unpredictable and unreliable suppiy of 
embryos on a regular basis is the major limitation of such programnes. Recent advances to 
produce embryos in vitro have helped in overcoming this limitation, to some extent. Also, 
technological advances in understanding male/female gamete, fertilization, embryo and their 
manipulation has been phenomenal and has lead to the development of, so called, embryo transfer 
associated technologies e.g. in vitro maturation, in vitro fertilization, in vztro culture, embryo 
sexing, embryo cloning, gene transfer etc. These technologies not only spirr the impact of embryo 
transfer technology but are extremely powerful for scientific, commercial, medical, social and 
conservation purposes. 
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Saivage of reprsduetiw function 

Infe'et-tility, especially in the older animals is a major handicap in animal breeding. Such animals 
of superior genetic makeup could still be: tzipped through ET to provide additional progenies. 
Wastase of good genetic material can be prevented by utilizing germ pfasm from slaughtered 
animals. 

Ernbryas can be produced either irt viva or in vi tw 

I:ollowing steps are involved in the production of embryos zn vivc}. 

,S'&kectisn of~nimuls .  
Drvtors: Essentially, getretically superior animals preferably ~i31 one lactation record, 
hwing normal genitalia, patent cervix, regular cycle, true to breed characters, healthy and 
free from all majoy diseases. 
Recipienis: Law milk producers but high fertility females, with patent cervix, regular cycle, 
heolthy and free from all major diseases. 

Superovulation arrd artificial insemination 

Superovulation is induced by Injecting gonadotrophins, mainly FSH or eCG between days 8 to 2 2 
of the oestmus cycle, Because of its short biological half-iife, FSH is injected twice daily over a 
period of' 4 to 5 days wher~as eCG with a long half-life is injected as single dose treatment. 
Lczteolysis is induced by administration of PGF2, at 72 and 84 h after the beginning of 
gonadotrophin treatmenf. Donors are inseminated 2 to 3 times during suptroestrus, with frozen- 
thawed semen from fertile bulls. 

The uterine horns of the supt;rovulated donor are flushed on day 5.5 to 6 (oestrus = day 0) usirlg 
the Dt~lbecco's modified Fnosphate Buffered Sdine (DPBSJ solution containing antibiatics and 
serum, using a 2-way Rusch catheter. The outflow is passed through an embryo filter (pore size 
75 rnic;ron) retaining only about 20ml volume and the sameis passed into the laboratory for 
screening, Embryos are i901ated and viable embryos are graded based ort m~sphological 
appearance. Excellent and good quality embryos are seiected for cryopreservatian, whereas fak 
and noor quality embryos are irnmedialely transferred to the synchronized recipients. 

A can:;iderable amount of progress was made in this field in buffaloes, after the birth ~f the first 
cal r in I OC3 at Florida (Drost et al,, 1983"). 1 tl India the first IruffaIo calf through surgical and non 
suygi?al transfers was produced at Sabarrnati Ashram Gaushala i n  1988 (Misra e/ af., 1988) and 
sir ce then NDDB CSAGlBBC] has done pioneering work in ETT in buffaloes (Misra e8 dl ,  1990; 
b~isra et ul., 1991 a; Misra et al,, 199 l b; M i ~ r a  et at., 1992; Misra, 1993; Kasiraj et a[., 1993; 
Misra ef P I , ,  19942; Misra et aL, 1994~; Rao el oL, 1994; Misra, 1996; Misra ct al-, 1998; Misra 
et nl., 1 999a; Misra et uk,, 1999h t;-isra et a[., 1999~;  Misra et u L ,  2000). We have produced over 
120 bt~ffaio calves using ET technolugy. 

During the implementation of the National Science and Technology Project on ET (1987-96) in 
the NI>DB7s network alone, a sizeable number of embryo wllcctions were made from Murrah, 
Surti. and Jaffrabadi breeds. The progress is givm below; 



No. Particulars 1987-92 1993-96 Field trials in Punjab 

- Ludhiana Bhatinda Patiala Total 
1 An~rnals flushed 7 19 316 10 2 5 10 45 
2 \  able cmbyros 804 ( 1  12) 635 (2 01) 15 (1.50) 56 (2 24) 59 (5.90) 130 (2.89) 

(mean) 
3 Fni brvos frozen 315 35 1 0 32 3 4 66 
4 t ~nblyos transferred 604 3 74 15 24 2 5 64 

(fresh and frozen 
5 .  Calves born (%) 37 (6 I )  67 (17.9) 5 (33.3) 7 (29.2) 5 (20.0) 17 (26.6) 

A review o f  the  embryo transfer work performed in d~f fe ren t  countries reveal that  the  
scperovula tor j  response and embryo recovery in buffalo has been very disappointing (Tabie 1). 
Over  the  years, efficier~cy in terms of embryo recovery has improved and  now, on an average 
about 2.5 to 3.0 viable embryos  a re  recovered from each superovulation. However in isolated 
cases, up  to a mean o f  5.9 (Misra er u l ,  199'Sc), 3.6 (Wang et a/., 1994) viable embryos and 
5 1.02% c o l ~ c ~ p t i o n  rates (Singh et a1 , 1999) hav.: been achieved. 

Table I .  Rev~ew of superovulat~on and embryo collection in buffalo 

Country Breed Gonado 

trophin 

Donors Donors 
superov flushed 
ulated 

Total 
CL or 
(mean) 

Total 
embryo 
or 
(mean) 
I 

Viable Reference 
embryo 
or 
(mean) - 

I Drost et a1 , 
(1 983) 

I Drost arcl 
Cripe, ( 1985) 

7 Vlahov et al, 

(1  985) 
I:',aralvanov , el 

a1, ( 1987) 

USA 

USA 

Bulgar~a 

Bulgaria 

Riverine 

Riverine 

Riverine FSHi 
PMSG 
FSHi 
PMSG 

Mumah 
& 
Murrah 
X 
N~drrah 
& Medit 
Murrah 
& 
Murrah 
X 
Swamp 

Bulgaria 

Bulga-ia 

FSH (1.2) ( I I 7) Drost et a1 , 
( 1  988) 

46(1 2) 132 A lexiev et a1 
54(0.7) 38 ( 1  988) 

FSHJ 
PMSG 

Thailand 

Japar 

FSHI 
PMSG 
PMSG 

10 6 Chantaraprateep 
6 et a l ,  (1988) 
2 0 Ocampo et a1 , 

(1 988) 
Murrah 
& 
Swamp 
Nili-ravi Pakistan 

Malaysia 

FSH (05)  - Rahil et al, 
(1988) 

Sharifuddin and 
Jainudeen, 
(1 984) 

(2.7) ( I  5) Misra eta!, 
(1 990: 

Swamp FSH 
IPMSG 

India Murrah FSH 

Medit. PMSG 16 Schal lenberger 
et at, (1 990) 

India FSH (4.4) (3 1) Misra et a1 , 
(1991) 



Indirt 

Phillpptnes 

lndia 

V~etriarn 

Pakhtan 

!ndm 

India 

Chma 

Italy 

Munah 

Mutrah 

Murrah 

FSH Arnbrase et a$,, 
(1 99;:, 

C w  st. a! 
f1991) 

Jain et al 
(1 992) 

Uoc el a/, 
( 1 992) 

UlIah ef trl, 
(I 952) 

Misra et at, 
(1 494) 

Rao crt uf 
( 1 994) 

Wang er at, 
(1 994) 

Zicar~lti et al,. 

FSWl 
PMSG 
FS H 
/PMSG 
FSH Swamp 

Nili-ravi 

~ilurrah 

Murrah 

Swamp 

Medit. 

FSh/ 
PMSG 
ES H 

ESH 

FSH 
*- ('997) 
S12T liter slaughter, ' first time supetouuiation, " afler repeated superovulation 

Some of th:: observations. related to embryo transfer in buffalo, made during the Ph,D, studies 
(Misra, 19966) were: 

- the loss of nearly 53.2% oua/embryos, even afier slaughter of buffaloes, may be due to 
ovulat~on of oocyte within the follicle, degeneration of oocy-te before ovulation, mistaken 
assessment of lutenized follicle as CL, failure of fimbria to pick up the ova wheu ovulations 
coincide with very high oestrogen levels or a high EZ/P4 ratio, inability of the fimbria to trap ova 
hrn t:nlaged supemulated ovary, leakage of the flushing medium afong with ovalen~b~yos 
through tlie utero-tuba1 junction to the peritoneal cavity, difficultie-s in locating hatched 
biastocysts i n  the flush ings, premature entry af odernbryos k12o the uterus of buffalo and their 
expulsion, and buman enor, 

- all the ~vdernbryos reached uterus around 5.5 days after the o n s t  of superoestrus, suggesting 
that the ideal time for non-surgical embryo collection in the buffalo appears to be between days 
5.5 to 6.0 of the superovulated cycle (oestrus* day 0). 

- embtyo development in superovulated buffalo shows considerable variation as two, three or 
even more stages of embryos (8 cell to expanded blastocyst) were recovered from the same donor 
buffalo and the rate of development appeared to be 24 to 36 h fwkr  than cattle. 

- a significant negative correlation (r = -0.87; P < 0*0.5) between the EZJP4 ratio on day 1 and 
rrrtal ernbryio recovery indicates that high E2 levels with a prolonged duration of rise may lead to 
reverse peristalsis in the fallopian tube with a consequent loss of some embryos in the peritoneal 
cavity. 

- comparison of lactating add dry animals flushed (86.4% vs 100%; P c; 0.05) indicated an 
adverse effect of lactations; st-ess on a n~imber of animals responding with 2 CL. Interestingly, 
however, lactation did not  affect the yie!d of total and viable embryos. 

- our study on the effect of superovuiation and embryo collection un milk production suggests 
that milk production was not affected by superovulatic- and embryo recovesy. 

- out qf the 91 recipients which received 1 I2 embryos, 24 conceived with an overall pregnancy 
rate of 24,4 ?A. 



- the pregnancy rates in autumn :2C.7%) and winter (29.0%; we.e not significantly diCferent. 

- embryo transfer in recipients following either natural or PGF?, induced oestrus r e s ~ l t ~ a  in 
similar cot~ception rates (25 .O% vs 28.2%). 

- the effect of oes:rbs synchrony on the pregnancy rate indicated that the hig5est pregnancy rate 
(40.7%) %as obtaineti $11 the group of recipients that were closely synch~onized with the donor. 
However, when rec-inients were out of phase by > .i- 12 h witn the donors, the pregnancy rate 
declined . 

- The size of 2t :n tge recipients ovary te~dod to influence the pregnancy rate. The lowest 
pregnancy rate of 15.8% was found with stnafl size CL, it increased to 25.0% and 31.8% when 
the CL were of medium and large si-e respecti.iely. I-iowe-~er these aifferences were not 
significant 

- transfer of embryos into either the right or left uterine horn haa no effect on the pregnancy rate. 

- among ernbryo stages, early morula and compact rnorula produced 17.9% and 28.3% pregrlancy 
rates respectively and were not significantly different, 

- the grade 1 embryos resulted into a significantly higher (60%) pregnancy rate than grade 1 i 
(25%) or grade III C 21.6%) embryos. 

- the per cent viable embryo recovery was considerably affected by the bull semen used fofor AI ol' 
donors. Ttius, viable embryo recovery rates with buHs Nos. 46 (84.4%) and 43 (65.1%; w r e  
significantly higher than bulls Nos. 42 (3 2.6%), 44 (3 5. 1 %) and 47 (43.7%). 

- frequency distribution of total number of ovulations in superovulated buffaloes indicated that an 
overall 10.3% buffaloes failed to respond to superovulatory treatment and about half (48.6%) had 
poor supel-ovulatory response (0-5 CL). Only less than 113 (29.9%) buffaloes which responded 
with 8 or more ovulations can be considered as good responders. 

The presence of only one third of the follicle pool in buffalo and higher atresia compared to czttje 
(Davell, i '187) is reported to be a reason for poor superovulatory response (Jainudeen, 1989; 
Kamonapatana, 1990). However, if absolute numbers are taken into consideration, the adult 
buffalo still has a pool of over 20000 follicles to respond to superovulatory treatment. There .is a 
need to study ovarian function and folliculogenesis in the buffalo, to evolve a buffalo specific 
superovulatory protocol. 

More recently, the emerging technology of in vitro production has become a viable alternative to 
producing embryos by superovulation, especially in cows and buffaloes which respond poorly to 
gonadotrophin s~imulation. Additionally, this technique can be used to salvage and conserve the 
genetics of' elite animals which are infertile or sterile. 

Since the first publication (Pieterse et al., 1988) on repeated use of ultrasound guided 
transvaginal oocyte collection or ovum pick-up (OPU), active research in the field of OPU and in 
v i t ~ o  fertilization (IVF) has lead to the possibility of co!lection of as many as 1000 oocytes 
resulting in 300 ivr vitro produced (IVP) embryos from a normal cow (Kruip et al,, 1991). 
Attempts have also been made to use this technoiogy in buffaloes (Boni et al., 1997: Galli et al., 
1998). Advantages of OPU-IVF tech~ology over co~ventional ET are: 
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OPU and JVF Embryo transfer -- 
The technique requires no hormonal stimulation of Superovulation of donors is necessary anti 
the dclnors accounts for about half of the total cost of flushing 

Aspir&ion of follicles can be done twice a week 
over ir long period 
In  a period of one flushing, 10 to 12 OPU sessions 
can be applied which results in about 14 
trans fsrable embryos and subsequently 6 
pregnancies 
IVP embryos can be produced from nearly all 
animals 
Prepubertal donors can be used, 
Pregnant donors up to third month of pregnancy 
can be u5ed for O?U. 
Infertrle animals can be used for OPU 
Requ~res no deta~fed ~nformar.o~ on the 
reprorluctive status crf the donor. 
S~nce the fertilization of oocytes takes place under 
laboratory conditions the socytes of same donor 
can be fertilized individually with semen of any 
particular top sire. 

Flushings can be repeated at an intervaf nf 8- 1 ( 1  
weeks only. 
The average outcome per flush is 5.5 transferable 
embryos which results in 3 pregnancies on an 
average 

N e ~ r l y  If3 animals do not produce viable embryos. 

Donors are used after puberty. 
Only non-pregnant donors can 5e used. 

Infertile an~mals are no: used. 
Information on the renroductive status of the donor 
is essential. 
Only one sire can be used on a donor at one time. 

Steps rn the UPU-IVr' lechnnlom: The IVP tec41iology is based on several assisted reprod~ctive 
techniques: i) the collsction of immature oocytcs with the help of an ultrasound scanner w:th a 
transvaginal probe and needle guidance system and a suction pump (OPU), ii) in vitro maturation 
of the oocytes (IVM), sperm capacitation, in vitra fertilization (JVF), the deveIopment of the 
ferti'izslj oocytes into transferable embryos or in vifro culture (IVC), embryo sexing, freezing and 
"ransfer. 

Collurfion ol foocyt~:  Following local anaesthesia, the OPU procedure starts with the insertion 
of an i~ltrasound probe into the vagina. The ovary is visualised on a monitor and follicles 1 2 rnm 
diame~er are punctured using a transvaginal curvilinear transducer to guide a 55 cm long IF- 19 
gauge single lumen needle to whic.7 a vacuum of 80-100 mm of Hg is applied. 

Selecrro~ of oocytes: The aspirant is immediately searched for immature cumulus ooc4te 
complexes (COCS) under stereozoom microscope, which are placed in a 35 mm petri dish 
containing 3 mi of washing media (TGM-199 with 10 % FBS). COCs are evaluated under 190 x 
magnification according to the degree of investment with cumulus cells and the quality of 
cytoplasm, Only those COGS classified as grade I and 11, which have the ability to undergo 
maturation and embryonic develo?ment are selected for maturatio~. Grade 1 COCs have 4 or 
more layers of compacted cumulus cells surrounding zona pellucida of oocyte and evenly 
granulated cytoplasm. Grade I I COCs do aot have much compaction with 1 to 3 layers of 
cumulus cells surrounding the zona pellucida of oocytes and evenly granulated cytoplasm. Grade 
III GOCs have fibrous cumulus layer surrounding zona pellucida, while Grade IV COCs are 
devoid of sumulus cells. 

Muturatio~ of aocytes: Among severzl commercially available culture media, the most 
eommonly ~ ~ s z h  medium for maturation seems to be TCM 199. However, for in vitro culture, 
several different media such as TCM 199, CRI aa, rnSOF, KSOM, and Menezo's B2 with various 
modifications have been used. Very recently, commercially prepared media for bovine IVF have 
been launched in the market (Taneja and Yang, 1998). The culture conditions adopted during i . ~  
vitra nraturation of oocytes significantly influence the fertil iaation rate and subsequent embryonic 
development whi& vary among different laboratories. 



In brief, aaIlout 5 to 40 COCs are added to 50 p1 droplets of maturation medium. The droplets are 
covered w ~ t h  mineral oil and preincubated under maturation conditions for at least 2 h (38S°C, 5 
% COL and 95 % alr atmosphere with 95-100 % humidity) prior to incubation of CaCs  for 24 h,  
At the end of incubation per~od, the oocytes emerge at the same stage of developmert as they are 
released at the time of ogulation In the live cow. 

Prcpur~1.lrcm of 5yernr Most mammalian sperms must reside in the female tract for a period of 
several Iiours to undergo capacitation before they acquire the ability to fertilize an egg. kdeparin 
wliich is bel~eved to be involved in the natural process of capacitation, has been successfully used 
for In vrtrcj capacitation of sperms. Frozen thawed semen of the desired sire is subjected to either 
swim up or percnll gradient method, essentially to separate live and progressively motile sperms. 
I hese higl~ly active sper~natozoa are pel leted by centrifugation and then resuspended in the media 

and incubated with 10 to 100 pglml heparin to bring about the capacitation. 

h'cr./~/~zcrrion o f  oocyfe.5 Croup of 5 oocytes is placed in 48 pl droplets of fertilization :nedium. 
Two ~ l l  spt:rni suspension (final concentration in droplet = 1 X loh spermatozodml) is then added 
to each drop wh~cli 1s incubated for 16 to 18 h. 

('1dt~11.c. of L ' ~ ~ ~ I . v o s .  Developing the fertilized oocytes to an embryonic stage which can be 
transferrec to the uteru5 of a cowl buffalo requires culturing in specified conditions for at least 6- 
7 days. Comple~ ,  serum supple~nented culture media are used for this. In recent years, the 
technique of culturing these developing embryos along with other cell types (Trounson et al., 
1994) has improved the success rate of embryonic development and reduced the harmful effects 
of the waste products of metabolisnl released in the culture system. After washing the fertilized 
oocytes for 2 h in development medium, 20 fertilised oocytes are placed in each 50pi. droplet of 
oviductal eel1 culture having 20 to 25 vesicles. After 48 to 96 h of culture, 50pl of fresh medium 
is added to the droplets contain~rig the embryos. After 7 days of culture, the e.-nbryos reach a 
stage of development which can be transplanted to uterus of recipient or can be cryopreserved for 
future use On an average 20 percent embryos develop up to a stage suitable for transfer, which 
could reach up to 40-50 percent. 

Prepubertir/ cu1ve.r as oocytc. donora: Collection of oocytes from prepubertal calves offers 
considerable potential to accelerate the genetic gain by reducing generation interval. Subsequent 
to the birth of the first IVF calf through this technology (Armstrong et ul., 1992), 43 percent 
pregnancy rate and 33 percent live births from calf oocytes have been reported (Armstrong et a/, 
1997). Others have reported use of this technology (Revel et a/., 1995; Taneja et al., 1998). 

S u c c e ~ . ~  r u t e ~  following OPU-IVF Recovery of cumulus oocyte complex (COC), viable embryos 
produced and pregnancy rate following transfer of IVP embryos as reported by different workers 
are listed In Table 2. The pregnancies established by Boni and associates (1997) could not 
succeed to term and the first buffalo calf using this technology was produced by Galli et al., 
( 1  998). 

Table 2. Camparison of IVP work in buffaloes 

Description Bani et al. (1 997) Galli et al, ( 1  998) 

Animals 4 2 
Sessions 47 (twice1 week) 48 (twice/week) 
Oocytes 21 3 (4.49) 198 (4.1) 
Cleaved 72 (1 5) 59 (1.2) 
Embryos collected 39 (0 8) 26 (0.5) 
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Like in vivo technique, the efficiency of production of buffalo embryos in virro is also poo;cr 
than c;iftle (Table 3) and needs to be researched further for improvement. 

Table. 5 Comparison of OPU-IVF work in cattle in the Netherlands 
- 

Description - Kruip ef al., (1994) Zuid et al, (1944)* Lansbergen ( 1 9 9 x  
No. of animals 8 82 63 (23 preg. heifers) 
Klo. of sessions Oncelweek (48) TwiceJweek (IIII) Twiceiweek ( 1 88 1) 
hlo, of oocytes I 04 6,3 14 14,275 
No. of oocytes 104 ( m  vivo culture in ewe) 5,432 

cultured 
No. of 25 2,877 2,357 

transferred 
embryos 

Pregnancy rate 
Fresh (%I 44% 43% 
Frozen(%) 3 1% 43% -- 

*!'crsonal cornmun~catlon 

In general, the success rate and potential of this in cattle is given below: 

No. of oocyles aspirated per ovary 8 -  ' 3  
No. 3f  oocytes aspirated ?er donor 15 -25 
% of ooeytes fertilized 40 - 80 
% of oocytes reaching transferable stage 15 -30 

ronsitlering a weekly collection of about 10 to 20 oocytes from each donor, 1.5 to 3.0 viable 
embryos can be produced per donor per week. These results clearly suggest that OPU-IVF 
technology can be use+ as an efficient tool to conserve valuable genetic resources in the bovine 
and is a viable alternative -to conventional embryo transfer technology. 

Faetaw affecting the success of IVP programme 

* Abnormalities in protein synthesis in oacytes from unstimulated calf ovaries is indicative of 
~ytoplasmic deficiencies and incomplete ooplasmic maturation affecting developmental 
competence of oocyte 
$timu lat ion of the prepubertal heifer donors with gonaddttophi~s improves the 
developmental competence of retrieved oocytes. 
Embryonic loss is higher after implantation of calf embryos. However, the fertilization ana 
developmental rate of cow ard calf oocytes are not different. 
Individual donor variation in terns of ovarian response is still incompletely understood. 
Donor pre-selection for IVP is an optioq to obtain best results. 
Three days interval between collection results in a higher number of embryos per collection 
than 4-7 days interval. 
Nutrition of oocyte donor can influence blastocyst yield. 

Sexing of Embryos 

Predetermination of sex of preimplantation embryos has been an irn2ortant application in 
domestic species for livestock breeding and conservation. The male is the first choice in meat 
industry and also in artificial insemination programmes for produ~tion of semen. The female is 
the choice animal for the dairy industry, hence production of female and male sexed embryos in 
the proper proportion is desirable. 



Methods I X ~  Sex determination 

The ideal way for prede#ermining sex will be the separation of spernatoaioa containing the X or 
V chromosomes and insmination of the donors with either of these to produce desired sex, 
However, this technique has not yet been used comrnefcially b s a ~ s e  of the very slaw rate of 
separation of spsmatazoa and the lack of accuracy. Another appmach has been sexing of 
embryos which has been attempted by several non-in~asive and irzvasive methods. 

Nnn-lnucw he m~ihuds 

in this approach the integrity of the embryo is maintained for successful implantation "to the 
recipients. These methods fa1 J into two categories. 

ZTetecfi~n ~f M-Y uniigen: This invoIves the immu~ological detection of male specific antigen 
referred to as f-1-V a~figen, and the accurxcy of sexing is abaut 85 percnr,;, 

Mc"aL'rweunear r?f'X-kinktxi eazym acrivi[y: Mammalian females bear two X c h m o s o m ~ s  and the 
males hays one X chromosome. However* to maintain an equivalent xlumber of genes between 
the sexs,  one of the X ch~omsomes of the female is inactivated at an w1:l.y embryorti~ Gage. 
Sming is baed on the measurement of cellular concmtratian and activity of certain X-linked 
enzymes which is twim in case of female embvos than male embryos, This method is also not 
100 pexent accurate and there is a prabtetrt of r;mbryorric mortality, 

In this method, the zana peilucida of embryo is punctured and blastameres are separated and 
subjected I 0: 

KaynQprrzg: The technique involves the biopsy of a small number of cells a-C an embryo and 
their metaphase chromosomes arfi cxanjned microse~pieally Yor the detection of two X 
chrornosofnes or ane Y-c'nromo~ome. Though the technique has IDC! OJo accrYracy, it is t h e  
cofisuming, At~o,  obtaining metaphase chromosorn~s from the biopsied embryonic cell$ is 
di%cuit and it is islot pmsibie to transf%r sexed 6r-nbryos irlto recipients an the same day. 

DNA prubing: It also involves biapsy af ~ r r .b ry~  to  d~termine the sex 5y :ocalization OF DBA 
%eqiten&s present on the Y-chr~mosome. The total DNA of the biopsied cells of the embryo is 
hybridized to a labelled sequence of DNA that is specific to 'f-chromosome. Positive 
hybridization resu It indicate ;.he presence of Y-chrsmosox4u, indicating a male embryo. The 
raduced viability of the cmbryc~ and need to cryoprwerve embryo aAtr biopsy (as the proccl;ss is 
time corisurning) are the timitations of this teehmIogy. 

Pnlyn?eruse ettaia ~ e a c t i n ~ ~  TPG"R); A satisfactory method for embryo sexing should be accurate, 
sensitive, specific, rapin, reproducible, and should not affect embryo viability. A11 the above 
approa~hes fa11 short of one or more of -the reqairernents for a silccessful embryo sexing 
technique. The develqment of the Polymerase Chain Reaction (PCR) and its applfcation to 
amplify Y-chram~some specific CmaIe spwific) DNA seqrxenws, directed by primws with a 
~hermosta~~le DNA polymerase From a small amount of DNA of one or mare blwtomeres 
(biopsied from an ernbry.~), meet all the abave requirements fcr a successhl sexing technique- 

This technique requires two; ~ligmucleotida primers complementarj+ to"~he sequemes present on 
the target DNA, The procedure involves repeated cycles of hear defiaturatios of the DNA (94°C 
for 3C sec), annealing of two sp~cific pimers [6O0C for 30 see) and extension of the hybridized 
prime;rs or1 the target DNA seque-nae with the help of themastable DNA polymexise enzyme 
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(72OC for 45 sec). Each successive cycle doubles the number of target DNA and amplifies to the 
lexicls where it can be easily detected by agarose gei electrophoresis and visualised under UV 
light after staining. 

In vitro produced buffalo embryos have been sexed with high accuracy using this technology 
(Apparao et al., 1993; Totey et al., 1996; Apparao and Totey, 1999). 

Cloning of Embryos 

Revolutionary opportunities in both animal breeding and research were created by the 
development of pro~edures for nuclear transfer in mammals (McGrath and Solter, 1983). It is 
now almost a decade since these procedures were first applied in farm animals (Willadsen, 1986) 
and during the period there has been considerable improvement in these techniques (Barnes et al., 
1990). 

Embpo nultiplication in mammals is achieved by fusion of a donor (ernbryonic/somatic) cell to 
an oocyte or zygote from which the genetic material has been removed (cytoplast). In farm 
animal species, the recipient cell is usually a secondary oocyte, obtained following ovulation in 
vivo, or 5y in vitro maturation of oocytes recovered from ovarian follicles either at slaughter or 
by tral~svaginal oocyte pickup. Enucleation is accomplished either by splitting the oocyte in half 
(Willadsen, 1986) or by direct removal of the second-metaphase chromosomes by aspiration of 
that portion of the cytoplasm that is adjacent to the polar body, by use of a DNA specific 
fluorochrome to identify the chromosomes (Campbell et a/. , 1996). The former method is simple. 
However, it reduces the volume of the cytoplast significantly and may influence both the pattern 
(Evsikov et al., 1990) and frequency of development (Greising et al., 1994) while the latter 
method results in the removal of a smaller proportion of cytoplasm. 

Following enucleation, the genetic material from the donor cell is introduced into the enucleated 
recipient cell. In farm animals, the most commonly used method is the application of a DC 
electrical pulse at right angles to the plane of contact between the two cells (Willadsen, 1986). 
This causes a localised transient breakdown of the plasma membranes and fusion of the two cells 
and also activates the recipient oocyte. More recently, particularly with the use of smaller cells as 
nuclear donors, direct injection of the whole cell into the recipient has been used successfully 
(Collas and Barnes, 1994; Ritchie and Campbell, 1995). This procedure can also induce oocyte 
activation (Ritchie and Campbell, 1995). Fallowing embryo reconstruction, development to the 
blastocyst stage is usually accomplished in the oviduct of a temporary recipient (sheep) as in 
vitro culture is believed to be less effective (Campbell and Wilmut, 1994). This reconstructed 
embryo can serve as a donor embryo in subsequent recloning and hence this technique has 
immense potential in conservation of genetic resources. 

This technique sparked considerable interest in the cattle embryo transfer industry, however 
attempts to commercialise this technology in the last decade did not succeed because of the poor 
efficiency of the cloning technology and the abnormality of the cloned calves. In 1997, the 
production of Dolly, the first mammal cloned from an adult cell, sparked a second wave of 
interest in this technology. The promises behind this new version of technology are: 1) the 
possibility to duplicate an unlimited number of copies of animals using somatic cell lines, 2) the 
possibility of genetic rnanipulati~ns of the cell lines prior 'to cloning (including 
xenotransplantation to produce human organs from animals, especially pig) and, 3) the feasibility 
of cloning a proven valuable anima;. 

In the buffalo, c!oned embryos have been produced by nucleus transfer of bciffalo foetal 
fibroblasts and o~iiductal cells into enucleated bovine oocytes (Kitiyarlant et al,, 2000), however 
an attempt to use swamp buffalo oocytes and bovine quiescerJ cumulzs cells failed to produce 



moruldblastocyst (Nguyen el a2. 2000). Cloned progenies ha~ie bsen produced using embryonic 
(sheep: Campbell et ul., 1996; cattle: Sims and First, 1993; Stice e l  al., 1996; pig: Prather et al., 
1989); foetal (sheep: Wilmut et u l ,  1997): cattle: Cibelli et al., (1998) and adult cells (sheep: 
W'lmut et ul , 1997). The efficiency of the cloning technology is still low and further research is 
needed belore this technology can be c~~nmercialised. 

Use of embryonic stem (ES) cell technology for the genetic manipulation of livestock 

A major technical advancement in agricukural sciences has been the capacity to insert fc~eign 
genes into organisms a d  establish their stable 'ntegration into :ha germ line, Production of 
transgenic animals provides a method for sudden and directed mutations in cattle, swine, sheep, 
goats and other animal species. This methodology causes an abrupt change in the genetic m~ke-  
up of the znimal but is, in essence, not really different from crossbreeding or genetic selection in 
its result. 'There are numerous potential applications of transgenic methodology to develop new or 
altered strains of livestock. Practical applications of transgenics in livestock production are 
enhanced prolificacy and reproductive performance, increased feed utilisation, modified carcass 
composition, improved milk production andlor composition and increased disease resistance. By 
enhancing discase resistance transgenic animals can help to salvage genetics in the face of 
disease outbreak. 

Transgenic animals have been produced by pronuclear injection of foreign DNA into one-cef: 
embryos Ilnfortunately, these manipulations greatly reduce embryonic survival to approximately 
25-35 percent. The efficiency of producing offspring carrying foreign genes by this technique 
ranges from 0.04-1.7 percent (Rexroad and Pursel, 1988). Another major drawback of 
microinjection is that any number of copies of the gene can be inserted randomly into the 
genome. This random insertiun can result in difficulties in controllitlg gene expression. The use 
of retroviral vectors and liposome carriers to transfer foreign DNA into domestic livestock have 
bsen less successful than pronuclear injection (Murray et crl., 1988). As a result of these 
problems, the search is on for other mctl:,~cis for manipulating the mammalian genomes. Perhaps, 
the most promising method is the use of e~bryonic stem (ES) cells as vectors for producing thc 
desired mutations (Wheeler et at., 1995). 

Establishment of ES cells from a wide variety of species will allow more flexibility in direct 
genetilc manipulation of livestock as well as gene regulation studies and developmental biology 
research. Isolation of embryo-derived cell lines has already been reported from preirnplantatior 
embryos of the mouse, Syrian golden hamster, mink, rat, pig, cattle and sheep (reviewed by 
Wheeler et al., 1994). This technology, besides its use in producing clones, can also be used to 
produce disease resistant breeds of livestock. 

Modification of disease resistance through ES cell transgenesis 

The potential to increase disease resistance by introducing specific genes into livestock is a very 
interesting aspect of ES cell transgenics. The identification of a single gene in the major 
histocompatibility complex (MHC) that was able to influence the level of immune response was 
instrumental in the recognition of the genetic basis of disease resistance/susceptib;lity 
(Benacerrat and McDevitt, 1972). The importance of selection in increasing disease resistance in 
livestock has been realised during the last two decades. It is now known that many aspects of 
disease resistance andfor disease susceptibility in livestock are genetically determined (reviewed 
by Lewin, 1989). The application of transgenic methodology to specific aspects of the immune 
system w~ll  provide opportunities to genetically engineer livestock with superior disease 
resistdnce. A specific example of the application of transgenesis to enhance disease resistance in 
livestock is the production of swine that are resistant to influenza. Mouse fibroblast cell lines that 
contained the Mx-t protein were found resistant to infection with influenza virus (Haller et al., 



198 1 ) .  The Mx cDNA was been microinjected into the pronucleus of porcine zygotes to produce 
a pig :itrain resistant to influerza vi:us (Muller et nl., 1992). This manipulation is an excellent 
example of how transgenesis may be used to increase disease resistance in livestock. 

Gamete intra-fallopian tube transfer 

Gamete intra-fallopian tube transfer (GIFT), an assisted reproductive technology which is 
routint:ly used in human infertility, has recently been used to produce pregnancies in mares 
(Carncvale, 1996; Carnevale and Ginther, 1995, Hinrichs et al., 1998a; Hinrichs ed al., 1998h). 
This technique involves collection of oocytes by transvagina], ultrasound-guided aspiration, 
sllort-term culture of the in vivo-matured oocyte followed by transfer ofthe oocyte to [he oviduct 
of a recipient mare (Carnevale, 1996). The recipient mare is generaIly inseminated prior to and 
zFter cocyte transfer. Pregnancy rates from the transfer of oocytes collected from normal mares 
,wre I 1 out of 12 in one study (Camevale, 1996; Carnevate and Ginther, 1995) and 9 out of 17 in 
anather (Hinrichs et al., I998a). In contrast, the pregnancy rate after transfer of oocytes frorr 
older mares was only 30% {Camevale et al., 1995). The GIFT procedure is currently being used 
by several commercial embryo transfer centres, and pregnancy rates are likely to ~mprove with 
continued use and further refinement in this technology. 

Sperm microinjection 

Pioneering research involving the microinjection of hamster and human sperm into thc cytoplasm 
of hamster ooeytes (Turczynski et a[,, 1994) eventually led to the development of a valuable 
technique called "assisted fertilization"'. This technique of intracytopl asrn ic sperm injection 
(ICSI) is widely used in human medicine, and in some cases, has nearly replaced conventions' in 
vitm fertilization of human aocytes. ICSI-derived offsprings have been produced in cattle (Goto 
et al., 1991 ), horse (Squires et at., 1996; Cochran et rrl., 1998; McKinnon ef  ol., 1998) and 
humans (Palerrno et al., 1992). ICSl has also been attempted in dog (Fulton ez ail., I99e) and pig 
(Kim 6.t al., 1998). 

'Potential usefulness of ICSI in assisted fertilization in livestock appear limitless, as even 
testicular and epididymal-derived sperm are capable of decondensing in ooplasm (Uehara p t  a/., 
1977) and producing viable human embryos and offspring. ICSI of nonviable sperm has ever? 
resulted in the production of live calves (Goto et al., 1991). 

Assisted hatching 

It is known that the extended exposure of human oocytes and embryos to I'SC can impair their 
ability to implant (Edwards et a l ,  1984;. St~bseqticntly, it was suggested that some apparenlly 
normal IVF-derived embryos may ae uqab!e to hatch from their zonae pellucide and that by 
artific~ally breaching the zona by zorla dri'ling (Cohen et al., 1992); Cardon and Talansky, 1986) 
or pan-ial zona dissection (Cohen et al., 19891, implantation rates could be enhanced (Cohen et 
a1 , 1990). It is interesting to speculate that reductions in pregnancy rates of IVF bovine embryas 
?ompared with in vivo-derived embryos (Loony et al., 1994) could be caused by culture-related 
hatching inhibition. Loskutoff et at., (1993) found that partial zona dissection improves the 
hatching frequencies of cryopreserved bovine blastocysts produced in vitm and that co-culture 
conditrons (e.g, medium and cell type) during early development can affect survival after 
thawifig. This technique could also be of significant use for propagation of endangered species. 

Conclusion 

There is an urgent need to apply available and emerging new >iotechnology comprising embryo 
transfer, embryo sexing, separation of X and Y bearing spern, ovum pick up, in vitro fertilization 



and embryo culture, nuclear transfer, gene transfer, embryo stem cell technology etc., which are 
sweeping rhe globe espec~ally since the last two decades, to revolutionize buAPfi,lc producti J::J in 
the twenty first century. 
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OPTIMIZATION OF RABBIT PERITONEAL FLUID AND BUFFALO 
FOLLICULAR FLUID @ONCENTRATION FOR IN CIJT'O MATURATION, 

FERTILIZATION AND CLEAVAGE 
OF BUFFALO OOCYTES. 

R. L, Kundu, 0. P. Dhanda and S. Singh 

Abstract: A study was conducted fa optimise rabbit peritoneal fluid QPF) and buffalo fol2icuIar fluid (bFF) 
concentration for m vit~o. maturation, -7ertilisation and cleavage of buffale oocytes. A total of 407 good 
qualjty ooQytes retrieved from the ovaries brought from slaughter house were alloted to five different 
concen2rations of rPF, in such a manner that the rPF group contained a total of 177 and bFF 230 oocytes, 
respectively. B d h  rPF and bFF were diluted wit% normal saline (NS) to provide concentrations of 75<?%, 
SO%, 37..5%, 25%, and 205, respectively and the same added 2.0 the media. Neat rPF and bEF served as 
controls. After foEIowing the standards processing prot0~01, the oocytes were matured as mentioned above 
under standard incubation ?andition of 5% Z 0 2 ,  95% humidity and 3:'~ for 24 hours. -he sperms were 
prepared as per standard procedure and were inseminated in fertilisation TALP medjum, The percent 
matmatian, fertilisation, cleavage and development up to &lastctcy%f formation was recorded after putting 
the cleaved embryos in TCM added with oviductal cell media. "dirly good maturation rate was observed in 
all the concentrations of bPF with control providing the maximum. However, the fercilis~iion wte in all 
cnncent-ations except 37.5% was not encauraging. While comparing these concentrations for percent 
c1eauaf:e rate an hloasro~yst formation only two groups 1.e. Neat b-P=FF <control) and 73% bFF provided a 
reasonablr: level of satisfaet~on. In the case of rPF, it was observed that only neat rPF is desirable Ibr 
productng embryos under In vitru conditions, as none of the dilut.ions with N 5  provided a satisfactory level 
of rnattrration or development of embryos. 

Keywords: Buffalo ooc.Fes, maturation, fert;l isation, cleavage 

Introduction 

Several biological fluids, such as egg-saline medicrm CDowling, 1949), serom ( B ~ o c k  and 
Rowscm, 19521, follicular fluid (Sreenan et dl., 1968) and rabbit peritoneal fluid (Collos et al., 
1991, Chung et ul., 1992, Singh and Dhamda, 1-997 and Malik et d., 1999) have been usqd with 
varying degrees of success for i~ vi&o maturation (TVM) culture of oocytes iq different farm 
animal species. The rationale for wing These media in developing ~ountries including India, 
weigh heavily on the most cornmon1y used medium (TCM-199 supplemented addiriv~s) that has 
to be imported and consequently enhances the cost of embryo production, 

Chauhan er at., (1937) ~btained 67 pey cent rnaturatiot! by rep1ac;ng 40 per oent TGM nsdium 
with buffalo follicular fluid (bFF) white studying maturation of buffalo ooeytes, Through the 3se 
.of this methad Singh and Dhanda (1997) achieved a very high rate of IVM (97%) of bufl8lo 
o o q e s  in rPF. 'Hawever, the quantity of these fluids either from the ovaries or live rabbits is very 
limited and warranted dilution without disturbing the osmolarity an6 pH5 crucial for iri vitro 
culture. The present study, therefore, was conducted 10 optimize the concentration of hFF and r15F' 
past-dilution with n~r rna l  saline (NS) far embryo production from buffalo ~aci,y.tes. 

Materials and Methods 

Collection of ovaries and mcovery of oiocgtes 

BufTalo ovafies were collected from a slaughter house in Delhi and brought to the laboratory 
wirhin 6-4 hours af  slaught~r, in a thermos flask containing sterile physiological saline 
supplemented with benzyl penicillin and streptomycin sulphate. The same were washed in 
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Dulbcco' Phosphate Buffer Saline (EPBS) (Sigma Aldrich. St.Louis, USA) twice and in 70 per 
cent ethanol for 30 seconds. These were again washed with DPBS thrice. After removai of excess 
tissue froni the ovaries, oocytes were retrieved by using a 18 guage hypodermic needle fitted to a 
5 ml plastic syringe from 2-6 mm surface visible follicles. The oocytes were transferred to a petri 
dish contarning TCM-199 with 3 mg bovine serum albumin (BSA). The oocytes surrounded by 4- 
5 layers of Cumulus Cells Complexes (COC's) were se:ected for maturaion. 

Collection of bFP and rPF 

Buffalo follicular fluid and rabbit peritoneal fluid wsre collected as per p-ocedur:: described by 
Chauhan, c7t ol. (1 997) and Malik, et al. (1999), respectively, with slight modifications in recovery 
of bFF. After collection, the fluid was centrifuged at 1500 rp;n for 10 minutes and filtered through 
0.22 pm filter and stored at -20°C until use. 

In vitro matu~ation,fertilization and co-culture 

With a view to find the optimum level of bFF and rPF, different concentrations of these fluids 
namely, 75, 50, 37.5, 25 and 20 per cent were prepared with normal saline, Neat rPF and bFF 
served as the control. One hundred microlitre drops for each dilution from bFF and rPF were 
prepared in 35 mm sterile petri dishes (Torsons. India) and covered with sterile C 0 2  saturated 
warm light paraffin oil. A cluster of 4-6 oocytes -Tias innoculated and incubated at 3S°C with S per 
cent C 0 2  and 95 per cent humidity in each microdrop for 24 hours. The maturzkion rate was 
assessed on the basis of expansion of cumulus cells and the presence of polar body. 

Fresh, good quality buffalo semen was washed thrice in pre-incubated mDM medium containing 
2.5mmol caffeine. The sperm suspension was su~jected to swim up test for 30 minutes. This 
fraction Ras re-suspended in mDM baving 3 mglml BSA. The sperms were capacitated by 
exposi~g them to 25pmol of calcium ionophore for 20 seconds and left in the fertilization drop 
consisting of fertilization TALP with epinephrine and hypotaurine. In each fertilization 
microdrop, 5-10 matured oocytes were inseminated and incubated for 6 hours cnder the same 
conditions as mentioned above. Cumulus cells were sepz~ated f rox the oocytes and these were 
washed in co-culture medium (TCM-199 -t 10% bES). The microdrops (1 00 pi) were prepared in 
petri dishes and covered with liquid paraffin oil. To each microdrop 5-10 oocytes were transferred 
and 50-cultured with oviductal cell monolz!,ers prepared separately under incubation conditions as 
per the standard procedure described by Chauhan et al. (1997). The culture medium was changed 
daily and the cleavage rate was examined on second day of culture. 

Results 

The data on in vitro maturation, fertilization and co-culture of buffalo oocytes in different 
dilutions of bFF and rPF are presented in Tables 1 and 2, respectively. Highly satisfactory 
maturation was achieved in bFF upto 50 per cent dilution with normal saline. In the remaining 3 
dilutions, the same ranged between 70.00 to 80.41 per cent with no definite pattern in maturation. 
However, maximum fertilization rate was reco-4ed in 37.5 dilution that differed significantly (P < 
0.05) from all the groups except in the 75 per cent dilution. All other groups did not differ f ron 
each other 
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Cleavage rate was found to be at a maximum in neat bFF followed by 75, 20, SO, 37.5 and 25 per cent 
dilutions, respectively. At the same time, no significant differences were found between the four 
dilutions as mentioned in the foregoing discussion, while these were observed to be different from the 
other two groups of 37.5 and 82.5 per cent dilution. Maximum morula development was recorded in 
the 75 per cent bFF group followed closely by the neat bFF group. A11 cleaved oocytes from 20 per 
cent bFF group suffered some kind of developmental block and did not proceed further, although this 
group had shown about 67 per cent cleavage rate. The development in 50, 37.5 and 25 per cent b17F 
groups was also not up to desirable level. It would thus appear that bFF may be diluted in ti-e ratio of 
3: 1 with normal saline for satisfactory cleavage and embryo development up to transferable stage. 

The results from different dilutions of rPF with normal saline were not very encouraging. Although 
maturation rate up to satisfactory level was achieved in 50 per cent dilution, fertilization in all the 
dilution rates except in the neat rPF group was found to be far from satisfactory. The neat group 
provided maximum fertilization, cleavage and development up to the blastocyst stage. 

Discussion 

Our results on bFF are in agreement with those of Choi et al. (1998). Romero-Arrendono and Seidel 
(1996), Das et al. (1996) and Chauhan et al. (1997), who reported satisfactory levels of maturation 
and cleavage rates in cows and buffaloes by replacing some part of the base medium i.e. TCM-199 
with follicular fluid. Since none of these authors have studied embryo development in neat follicular 
fluid the comparison in a strict sense, with them and other workers may be out of place. At the same 
time, it is apparent that follicular fluid is competent to mature, cleavage and cause further 
development in the absence of TCM- 1 99. 

Saini (1994) reported a very high maturation rate (92.2%1.23%) in rPF from goat oocytes. Similar 
obsrevations have been recorded by Singh and Dhanda (1 997) in a similar study on buffalo oocytes in 
rPF. However, Malik, et al. (1999) reported lower maturation and fertilization rate in goats based un 
cumulus cell expansion and male and female pronuclei formation. There is absence of published 
infomation on cleavage and subsequent development of oocytes up to morula/blastocyst formation 
where rPF has been used as a complete medium for in vitro development of embryos in farm species. 
Therefore success of peritoneal fluid in supporting oocyte maturation and co-culture, as observed in 
the present study is difficult to be compared. From the present study, it appears that rPF contains 
similar protein and other micronutrients, mimicing oviduetal fluid (Iritani et aZ, 1971), which are 
essential for maturation and fertilization under in vivo conditions. 

Conclusions 

It was concluded that bFF may be used along with normal saline in the ratio of 3:l for in vifro 
generation of embryos in buffaloes. However, rPF when diluted results in lowering the success rate in 
this species. 
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CR3rOPRESERVATION OV in' Vl'Y'Ro PRODUCED SWAMP BUFFALO 
BLASTOCYSTS BY VI'TKJI~TCATION METHOD USING ETHYLENE 

@LYCC)I,-BASED SOLUTION 

P.B. Pedro, D.H. Duran, F.P. Aquino, R.De Vera, M, Masahiko, R.H. Hufana, 
A. deI Barrio, C.B. Salees and LC. Cruz 

Emlrryo Technology Laboratory, Philippine Carabao Center, Ndonal Heudquarters 
and Gene Pool, CLSU, Munoz Nucvva Eeija, 3120 Philippines 

Abstract: This study was conducted to examine the k vitro survival of vitrified-thawed F, hybrid buffalo 
embryo produced tdm vitru. In total, 73 embryos at the early stage of blastocyst, blastocyst and expanded 
blastocyst were examined. The vitrification solution used was EFS4O and 10% EG; these were 40% 
ethylene glycol diluted in modified phosphate-buffered saline (mPBS) containing 30% Ficoll + 0.5 M 
sucrose and 10% EG was prepared with 10% ethylene glycol diluted with PBI medium Tke embryos were 
exposed to the solutions in two-step method at room temperature; kept in the soluttun for 0.5 or 1.0 min, 
vitri.fied in liquid nitrogen and watmed slowly, When the early blastocysts were vitrified in EFS40 solution 
after 0.5 or 1.0 min of exposure, 88.23% and 61.53% of them were found to have re-expanded bfastocoefs 
and 58.82%, and 30.8% had the abifity to hatch 'from their zona pelucida within 72 hr on in vitrcl culture. 
Expanded blastocyst did not survive regardless of the exposure period. The results indicate that in vitra 
produced swamp buffalo embryos can be effectively vitrified by this simple method. However, refinement 
of the procedure is needed to improve the survival and in vifrv development shall be investigated in the 
future. 

Keywords: Swamp buffalo, embryos, fertilisation, cryopresewation, vitrification. 

lo troduction 

The swamp buffalo has been an important animal for draft, meat and milk purposes. By using 
embryo transfer, in v i m  fertilisation and other manipulations become possible. Production of 
embryos by totally in vifro procedures and birth of calves have been reported after transferring 
fresh embryos produced through fertilisation and development in culture of in vifra matured 
oocytes that originated from slaughter house into recipient caracows (Ocampo et al. 1996; Suzuki 
et al., 1992; Madan er a)., (1994a,b). Therefore, cryopreservation of these embryos plays a vital 
role in the practical application of this technology. 

However to date, there have been only preliminary reports on the Freeze preservation of swamp 
buffalo embryos (Techakumphu et al., 19 89). In 1992, Misra and others reported a pregnancy rate 
of 15% and subsequently, Kasiraj et al. (1993) showed that both morula and blastocysts could be 
successfully frozen-thawed and transferred to establish pregnancies. These authors used a 1-4 M 
Glycerol solution as the cryopratectant by a conventional method. However, there have been no 
reports on the vitrification method of  swamp buffalo embryos. 

In 1985, Rahl and Fahy reported the first successful vitrification of mouse embryos using VS1, 
composed of dimethyl sulphoxide (DMSO), acetamide and propylene glycol and one 
macromolecule. With this approach, however the toxicity caused by high concentrations of 
cryoprotectants is the biggest obstacIe (Fahy et al, 1984). Therefore, Kasai et al. (1990) developed 
a vitrification solution composed of ethy'tene glycol, Fieoll and sucrose which has a low toxicity. 
This was modified by a two-step exposure method using EFS40 to successfully vitrify mouse 
blastocysts (Zhu eta%, 1993). 

To the best aof our knowledge, vitrification of swamp buffalo embryos produced in vitro using 
EFS4O has not yet been reported. Successful vitrification of embryos have been reported in rabbit 
(Hasai et ul., 19921, bovine (Tachikawa et GI., 1993) and equine (Hochi et al., 1994) embryos. 



Xn the present study, in vitro development abilities of two in v i m  produced swamp buflalo 
embryos vitrified in an ethylene glycol-based solution were examined. Here, we report the first 
vitrified-thawed early blastocysts that have been success~lly hatched after further iil vitvo cufture. 

Material and Methods 

Production of bls~strrcysts in vitro 

Ovaries obtained from ?hilippine native caracows at various ages, killed at a slaughtefhouse, were 
brought to the laboratory in physiological saline (containing 306 i.u. penicil~in/ml 4 lOOpg 
streptomycin sulphatelml) at 29-33°C within 4-6 h of slaughter, Immature cumulus-oocytes 
complexes were aspirated from follicles of 2-8 mrn diameter through a i 8-gauge needle into a 5 
or 10 ml disposable plastic syringe emtaining pre-warmed LZ;ulbecco% phosphate buffered saline 
(Gibco tabaratories, Grand Island, NY j, supplemented with calcium and magnesium chlotide and 
modified with the addition of 3% ?octal &vine Serum (FBS, Gibco). The aspirated owytes were 
pooled, first In a plastic sterilized test tube before transferring to the petri dish using a Pasteur 
pipette. Using a heat yolished haematocrit micropipette tube attached to a mouth controlled 
silicon tubing, selected oocytes were washed 2-3 times in a maturatjon medium CTCM-199, 
Sigma) supplemented with 10% Foetal Bovine Serum (FBS, Gibco). Approximately 10- 15 
oocytes were transferred into each 110pl dvoplet of culture medium (TCM-Sigma Chem) 
supplemented with 10% FBS and antibiotic (100 17Jlml Penicillin G and 100pglml streptorn?/";in 
sillphate in a culture dish (Nunclon 153066, Inter-med, Roskilde, Denmark) covered with mineral 
oil (25. R, Squibb & Sons, Inc, Princeton, NJ) cultzlred for 2-4 h, 

One 0.5 ml straw of locally procwsed .frozen semen obtained From one purebred Murrah bull, 
which was tested by artificial insemination was Thawed in a water bath at 37OC for 15 seconds. 
Spermatozoa were washed twice in a Bracket and Oliphan: solution [BO solution, Bracket and 
Oliphant, 1975) modified by the addition of lU0 MrnJ Na pyruvate and supplemented with 
antibiotics by centrihgation at 1,660 rpm for 5 minutes each time, the spem concentration was 
then adjusted to 2a x i 0' ~ells/ml. The spm suspnsian was diluted with an equal voluma, of BO 
solution supplemented with 6 mg B%/ml 10 mM caffeine, 4 U/m1 heparin, to give a sperm 
concetltration of 1Dx 10%ellslrnl, 

About 10 oocyte that have been subjected to maturalinn culture were ickoduced to the 
insemination medium of l00pl droplets in a petri dish cavereed with a mineral diE (Squib). About 
6-7 hours after inseminagion, oocytes with cumulus cells were washed 4 times in a pre-hcubated 
maturation medium and Mnsfemd to a 100pJ draplet of development medium (TCM 199). The 
sumulus cells attached to the surface were not removed to form a monoIayer. All they embryos 
were then cultured further on this layer, and those that detfeloped into blastocysts 5-7 d ~ y s  afler 
insemination were Irsed, A11 incubations were done in a water-jacketed incubator with air 
temperature af 39% and 5% COz. 

Vitrification solution 

The cryoproteetant used was (EF540) ethylene grywl (Wako pure Chemical Industries, Osaka, 
Japan) which was diluted with 40% fu/v) in modified phosphate buFfered solution fmPBS) 
contaitring 30% [wlv) Fico11 70 (a-verage molecular weight 70,000.3 Pharmacia, Uppsala, Sweden) 
as non-permeating agent + D.SM sucrose (S-PBI) (Sigma Chemical Go., St. Louis MO) as a low 
molecular compound which causes embryo shrinkage by osmosis. The final c~ncentration being 
18% Ficoll and 0.3 M sucrese. This solution does not form ice duriag cooling to liquid nitrogen or 
after warming (Xasai, 1990). While lC?% ethylene glyco! was diluted in Pi31 medium, The 
respective solation was theri designated ZF540 and 1 O%EC, respectively. 
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Vitrification of blastocyst 

Blastocysts were vitrified esse~tially by a two-step method as described for mouse (Zhu et al., 
1993) with some modifications. EFS40 solution was prepared in a 0.25ml plastic strzw (A-201, 
instruments de medicine vsterinaire, 1 'Aigle, France), a column of 0.5M sucrose (-35mm) and a 
2 columns of EFS solution <-3 and -1 3 mm) were aspirated successixlely, separated by pir, with a 
I ml syringe connected by a small silicone tube, and the straw was held hor;zontally at 28-30°C. 
The 3 mm EFS column was used to prevent contamination of the 13 mm GFC, solution with the S- 
PBl medium adhering to the wall of the straw. Embryos classi.Tied as early blastocysts, 
blastocysts and expanded blastocysts were then exposed to EFS40 for 0 5 or 1.0 minute after pre- 
equilibration with 10% 5G for 5 minutes. One or two embryos were suspended in 10% EG 
solution at 28-30°C in a watch glass for five minutes and were then washed in the solution twice. 
They were transferred into the 13 mrn 5 3 4 0  column, 21d then columns of EFS40 solution 
(-3mm) and S-PBI medium (-12mm) were aspirate&, separated by air, before being seaied with 
the powder. The third EFS40 solution (3mm) was used to catch embryos that may have adhered to 
the wall of the straw during aspiration. The sealed straw was then immersed into the nitrogen. 
; ialf of the straw that included the EFS40 columns was rapicily immersed into the liquid nitrogen, 
followed by slow immersion of the rest of the straw, in order to prevent bursting of the straw 
(Kasai, 1990). 

Recovery of vitrified embryos 

After storage for 1 - 120 days, the straws were warmed slowly for 15 sec in air or rapidly in a 
water bath at 30°C. As the crystallised S-PBI in the straw began to melt (-5 sec), the opposite of 
the natural plug was clipped with scissors or straw cutter. The contents of the straw were expelled 
in a watch glass by flushing the straw with 0.8 ml S-PBI, using 1 ml plastic syringe or simply 
pushing the plug with a small steel rod and agitating gently. The embryos were then pipetted into 
fresh S-PRI at room temperature. About 5 mirutes after being flushed out, the embryos were 
transferred to fresh mPBS. 

Survival of vitrified blastocysts 

To assess the survival of vitrified-thawed embryos, r~covered blastocysts were washed twice and 
cultured in vitro in a culture dish with a feeder rayer of cumulus cells in development medium in 
which in vitro fertilized embryos had been cultured for 5-8 days. The development medium had 
been replaced a day before thawing. The embryos were examined under a dissecting microscope 
and the number of embryos in which the blastocoel had re-expanded within 48 h of culture and 
the number that had hatched from the zona within 72 h were recorded as criteria for survival. 

Results and Discussion 

The results are summarised in Table 1 .  A total of 73 blastocyst stage embryos were used to 
examine the effect of cryopreservation by the vitrification method. All the embryos (100.0%, 
73/73) wer-, recovered after warming. When the blastocysts were recovered after warming, the 
embryos were shrunk and had collapsed blastocoel, :herefore it would be difficult to assess the 
morphology. The result also showed that only 2 and 5 embryos exposed at 0.5 and 1.8 min 
exposure time, respectively had injured zona and almost all of them, 88.23% and 61.54% had 
intact zona after thawing. It was observed that a lower percentage of the vitrified embryos had 
cracked zona compared with freezing as revealed in :he present :esults. This fracture damage is 
caused by non-uniform volume change from the solid liquid p;?ass change and can be prevented 
by slow cooling and slow warming (Kasai et al., 1996). 

When early blastocysts were vitrified in EFS40 solution after 3.5 or 1 .O min of exposure, 88.23% 
and 61.53'Yo of them were found to have re-expanded blastocoels and 58.82% early blastocysts 
subjected to ex?osure time at 0.5 min, have the ability to hatch from their zona pellucida within 
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72 h it2 vitro culture, However, when the exposure time was extended to 1.0 minute, only 30.8% 
hatched from the zona. The survival was very low (1-33.3%) when embryos were vitrified at the 
blastocyst stage, after 1.0 or 0.5 min of exposure, respectively. Expanded blastocysts did not 
survive regardless of the exposure period. 

The present study indicates that in v i m  produced embryos at the early stage of blastocyst 
development seem to be the least sensitive than blastocyst or expanded blastocysts. Preliminary 
results have been reported on the vitrification of bovine blastocysts produced in vi?ro (Yang eE al., 
1992), in which embryos are equilibrated in several steps for longer periods, followed by 
exposure to vitrification solution. Thus it seems that the expanded blastocysts, compared with 
early stages need more time for sufficient permeation of the cryoprotectant, yet they are more 
sensitive to exposure to the vitrification solution. Similar results were also reported-in frozen 
mouse embryos where the survivat of expanded blastocysts and blastocysts was very low 
compared to that of early blastocysts (Massiy et aE., 1984) as well as in vitrified rabbit embryos 
(Smorag el a1 , 1989). 

In the present study, embryos wete first equilibrated in 10% ethylene glycol and briefly exposed 
in EFS40 solutiori. *<his may allow initial permeation of ethylene glycol into embryonic cells 
before vitrification in EFS40 that brought 50% survivaI rate. However, more is 
harmf~~l  since tho percentage of hatched blastocysts decreased after the duration of exposure was 
increased to I .O min (Table 1 ). The harmful effect of excess permeation may be attributed either 
to the toxicity of ethylene glycol or to the osmotic injury during removal of ethylene glycol from 
the cells after -warming. The usual exposure temperature of vitrifying mouse embryos was 2S°C, 
but we used ~ S ~ C - ~ O O C  room kmperature. The high temperature might have also affected the 
decreased survival. 

The expanded blastocysts, regardless of the exposure period, did not survive. It has been shown 
that the inclusion of macromolecules in the solbtion facilitates vitrification (Fahy et aL, 1984). 
Various macro-biomolecules exist in the cytoplasm, while Ficoll is present outside the cell. In the 
blastocoelic cavity of blastocysts, there are few macromolecules and the permeation of ethylene 
glycol required fbr vitrification of the cavity may be insufficient. The blastocoelic cavity is likely 
to be fkozen, which may damage the cells. Miyake et ul. (19931 and Shaw et al. (1991) reported 
that the survival of blastocysts decreased as the blastocoelic cavity enlarged and that longer 
expos~tre at low temperature improvttc-i the survivai rate. 

In conclusion, results showed that in witro produced swamp Suffalo embryos can be effectively 
vitrified with ethylene glycol solution. Vitrified-thawed early blastocyst has the ability to develop 
and successfully hatch in vztro after vitrification in EFS40 by a two step method. The simple 
methods can be useful for the cryopreservation of swamp buffalo embryos. 3owever, more trials 
are needed to determine the optimum temperature of exposure in order to improve the survitai 
rate. Embryo transfer of vitrified-thawed viab!e embryos can also be carried out in the future to 
assess the development in vivo. 
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Q. B.M.A.Oswin Percra - With regard to embryo freezing, which is one of the new 
developtnents, what success rates are possible under controlled conditians and under field 
conditions? 

A. A.M. Misra - The success rate *?$as 26% pregnancies under f m  conditions, But this 
particular report r~fers  to the outcome of the use of our embryos supplied to the State centre in 
villages. Surprisingly they reported 51% conceptions with frozen embryos. This may nat be 
applicable everywhere, because the scientist may have selected very good animals and he himself 
was a very experienced person. He used 50 to 60 embryw, But on a larger scafe, if embryos are 
good, we should be able to get about 40% conceptions. The conception and pregnancy rates 
reported were possible because we have frozen about 50 to 65% good qualily embryos ouf oaf the 
embryos we have collected, So Ikile were left with only the poor quality embryos which we 
transferred and then these frozen embryos were thawed. If they were graded i, they became grade 
I1 and if they were grade fl they beeame- grade Ill. We have reported 6% conception with grade I 
embryos, 

Q. B.M.A. Oswin Persra - T i t h  regard to AI, one of the advantages is that when the farmer 
detects a cow in heat, he can call the technician and get it done immediately. klere, we have to 
time it lo 5 1/2 to 6 days depending on when you hwe collected the embryos. How do you 
arrangs this logistically ic the Geld situation? 

A. P... #. Misra - In the field, we synchronise the animaIs, otherwise it is very difrficult, 

Q, A. Borghese - Do the embryas that you produced come fiom.animals with a genetic value 
proven 'nj. performance and progeny tests? How did you consz-ve the embryos, with vitrification 
or by other methods? 

A. 0 - P .  Dhanda - These ova-ies were co'le~ted f-om the slaughterhouse, where we iiave no 
control over the types of animals that come to the slaughterhouse, We have not used these 
ernbry.as. We have gone only with blastocyst ~lements, They have not been transferred and 
preserved as such, because we want to synthesise whether this technoiogy is useful. We are 
moving to work with the huffalo. 

Q. P,.D.N. Ckndrasiri - I have also .two questions. In one experiment E conducted in Sri 
Lanka with goat oocytes, J have compared the synthetic oviduct fluid and epithelial ovidtlct 
rnonalag~er celI ctrlture. In that experiment, : have hand that oviduct fluid is superior to the other 
medium. There are va~ions media used by scientists and the results depend on the location arrd the 
scientist. My q~estion is, whether you have. compared PFF and RPF with TCM 199 and whether 
you have done experiments with other media and if so what were the results? My second question 
is to do with head to head capacitation. Does the reaction take place with capaoitated sperm or 
with acrosorne- reacted sperm? I ask this because to my knowledge capacitalian takes place in the 
vicinity of the embryo, and as soon as the sperm capacitates, fertiIizatiof takes place. 
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A. O.P. Dhanda - I have not tried different combinations of media. But they are published in 
the literature. If you scan the literature a number of them use synthetic media. In Europe, most 
have tried MFM, KRV and MDM and others. But the best ones used optimally by all the workers 
is TCM 199. The question is that if you import this, the cost is very high. So the question was, 
can we substitute tissues with some cheap, readily available media for this purpose? So when we 
saw the report of the work with other species, we started to work on the buffalo, because it is a 
very valuab!e animal. To answer the second question, it is very difficult to separate between 
capacitation fluid and the acrosomal reaction. 

Q, D.H. Duran - I was impressed with the results you have obtained using this medium. My 
question is, how did you compute the blastocyst development rate? Is it out af the total number of 
oocysts or the total number of oocysts that cleaved? 

A. O.P. Dharda No. It is from the total number that fertilized. If you take the oocysts at the 
beginning, some will not mature and the number will be reduced. 

Q. V K. Gunawardena - Have you done any comparative studies with programmed freezing? 

A. D.H. Duran -No. We do not have the programmed freezer. 

Q, V.K. Gunawardena - Are there published work with which you can compare? 

A. D.H. Duran - There was no information with embryos of buffaloes. Reports of work with 
other animals are available. 

Q. 4 .D.N.  Chandrasiri - In the slide on the IBEB efficiency, ti-a hatching rate was 77%. This 
is highel than the blastocyst formation rate. How can this happen? 

A. D.H. Duran - This was computed out of the number of embryos that cleaved. The 
blastosyst development was computed out of the total number of embryos that were subjected to 
in vitro fertilization. The hatching rate was calculated on the basis of the total number of 
blastocysts that developed. 
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Abstract: A house to house field survey was conducted in 4 randomly selected assistant govemme:;t agent 
(ASA) divisions (Weligama, Akuressa, Kamburupitiya and Devinuwara ) in Matara district using a 
structured questionnaire to determine the systems of buffalo management and patterns of their utilization. 
There were 1421 buffaloes belonging to 407 holdings distributed in 21 grama niladhari divisions in the 4 
AGA divisions. "rmer families involved in buffalc farming were 5.4% in the 4 AGA divisions. Total herd 
varied from 2 - 2  in Devinuwara to 489 ~n Weligama. Sex ratio of total herd favoured females at 1.09 6, 
while it approached 1 :  1 for calves indicating a greater disposal of mature males and the importance of 
b~ffaloes for milk (curd) jxodvction. Important feeding practices which were much better than expected 
comprised feeding of tree legumes (76.8%), unprocessed straw for cows and bulls (35.0% ana 46.8%, 
respectively), straw silage (1.3%), concentrates (47.7%) and minerals (26.0%). Feeding practices were 
superior in Weligama and Devinuwara. Colostrum feeding, naval protection and deworming were also 
nracticcd, but there is room for improvement of these practices. Use of artificial inseminatim and 
vaccination ."or haemorrhagic septicaemia and foot and mouth disease were negligible except at 
;)evinuwara, whish also need further improvement. Buffalo curd fetched a better price than selling of liquid 
milk. Making of curd also solved the qroblems of lack of facilities for storage or immediate marketing of 
liquid 1ni:k. indications are that, through low inputs and farmer awareness, milk production can be greatly 
improved in buffaloes with a great economic significance due to their multipurpose role in agricu!'~re. 

Keywords: Buffaloes, rearing, uti'ization, survey, Matara 

Introduction 

There is an estimated population of 16,000 buffaloes in the Matara district forming an integral 
part ol'the farming systems and rural life, with a multipurpose role in agriculture. The utilizetion 
of buffaloes for milk production varies greatly among different villages, depending on traditional 
farming practices and the demand and marketability of milk. Curd made particularly from buffalo 
milk has a greater consumer demand. In fact, buffalo curd made in Southern Sri Lanka, popularly 
known a s  Ruhunu Curd is of national significance for its taste and consumer demand. Buffalo 
dung being similar to  cattle dung is used as  fertilizer for crops. Fresh dung mixed with clay and 
water is also used as a surface sealant on rammed earth floors of dwelling houses in remote 
villages. However, the major economic importance of the buffalo in the rural farm situation is 
providing draught power in rice cultivation (Ryan et al., 1981). Due to the escalation of costs or 
fuel ax! agricultural machinery and repair costs including the cost of spare parts during recent 
years, buffaloes have once again resumed an important role in the district. 

Base lrne data on existing systems of management, production, breeding and nutrition, which are 
specific t o  the Matara District are scanty. However, a few reports covering the entire county or 
much larger areas, with :ittle reference to Matara district are available (Kumaratilake and 
'3uwanendra2, 1979; Richards and Agalawatta, 1982; Siriwardene et al., 1982; de Silva et at., 
1985). The objective of this study was therefore to collect some of  the base line information on 
buffaloes in Matara district. 

Materials and Methods 

Identification of buffalo farmers and collection of  Ga:a. 

A house to house s-:rvey was conducted in the following four Assistant Government Agent 
(AGA) divisions in Niatara district: Weligama, Akuressa, Kamburupitiya and Dcvinuwara (Table 
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(Table 1). Traineti youth from the Grama Niladhari Divisions (GND) of the 4 AGA divisions 
conducted the survey. A single interview using a structured questionnaire was used to collect the 
information from all identified buffalo owners. 

The main sections of the questionnaire were as follows: 
1 .  Herd composition 
2. Feeding practices 
3. Calf management practices 
4. Artificial Insemination (AI), vaccination and milking procedures 
5 .  Utilization of milk 
6. Marketing of mil!., 

Microsoft Excel version 7 and Statistical Analyses Systems, Cary, USA (1995 version) were used 
for data management and statistical analyses. 

Results and Discussion 

Soc'~-economic profile 

There were altogether 407 farmer ramilies involved in buffalo farming in the 4 AGA divisions 
(Table 1).  The number of farmers surveyed per ACA division varied from 73 in Devinuwara to 
161 in Kamburupitiya. The highest of percentage of buffalo farmers (6.8%) was in Weligama, 
while the lowest (3.4%) was in Akuressa These percentages are normal for Matara district and 
fairly comparable with the values obtained from the Kiralakelle marsh (Seresinhe and Pathirana, 
in Press). Only a small proport~on ( 1  0%) of the buffalo f m e r s  depend on their animals for 
regular cash incolt~e. The others generally obtained benefits such as draught power, milk for 
family consumption, dung and occasional sales of surplus stock. This situation is common in Sri 
Lanka (W ijeratne, 1962). Ranawana ( 1995) and Abeygunawardena e; al. (1 992) also observed 
similar benefits from cattle farming 

Table I .  Distribution of buffalo farmers in 4 Assistant Go\lernment Agent (AGA) divisions 

AGA No. of Number of farmer % of total families in 
Division GN' Divisions families AGA division 

Weligama 4 
Akuressa 5 
Kamburupitiya 5 
Devinuwara 3 

Total 
Mean 
k SD 

'GN - Grama Niladhari 

Size and composition of buffalo herd 

Herd composition of buffaloes owned by farmers in each of the 4 AGA divisions are presented in 
Table 2. The total number of buffaloes was lowest in Devinuwara (212) and highest in 
Kamburupitiya (464). It appears that the total herd has been generally limited to the availability of 
land for grazing. Large extents of paddy lands abandoned due to frequent inundation with water 
from the hilwala river, have been converted to traditional grazing grounds in Akuressa, Weligama 
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and Kamburupitiya AGA divisions. As a result, the total number of buffaloes tended is be larger 
in these areas. The extent of such grazing land is limited in Devinuwara and the total number 
tended to be smaller. However, the herd size per farmer was lowest in Akuressa, while it was 
highest in the Weligama AGA division. The mean herd sizes for river type and crossbrec 
buffaloes per farmer were 2.0 and 10.8 respectively in the present study, which agrees with the 
findings of de Silva et al., ( 1  985). 

The total number of calves was lowest in Devinuwara (33.0%) and highest in Akuressa (52.31%). 
Buffalo cows made up the highest proportion (44.8%) in Weligama and lowest (14.5%) in 
Akuressa. The proportion of breeding stud bulls varied from 0.5% in Devinuwara to 5.9% in 
Akuressa. A normal sex ratio of 1 .O: 1.1 <males:females) for calves only, widened in favour of 
females (1.0:2.4) in the total herd due to greater disposal of males from among mature ~nimals  
(1.0:6.2). These ma1e:female sex ratios were higher than the ratios reported by Silva et.al. (1985). 
The high sex ratios in favour of females for Matara district can be explained on the basis of the 
greater emphasis on the production of buffalo milk (de Silva et al., 1985) for curd. But dry cows 
are also used for work in the paddy fields (Seresinhe and Pathirana, 1999) in Matara district. 
However, this finding is in contrast to the findings of Robinson (1977), who found that 80-100% 
buffaloes in Indonesia were primarily used for crop cultivation. The findings of this study confirm 
that buffalo rearing in the Matara district is regarded as a dairy enterprise, which is in agreement 
with the findings of Abeygunawardena et al. ( 1  995) in relation to dairy cattle. 

Feediiag practices 

Table 3 shows the number and percentages of farmers practicing different feeding methods in 
AGA divisions. In general most of the farmers practiced the iecommended methods of feeding, 
except for the practice of feeding of straw silage, which made the feed superior when compared 
with the keding practices of farmers in Kiralakeile marsh (Seresinhe and Pathirana, in Press). 
This may have been the result of extension work done by youtl~s, who had received training under 
the Integrated Rural Development Programme (IRDP). Comparing the 4 AGA divisions, feeding 
practices in Devinuwara were always superior followed by Weligama. The feeding practices, 
utilising tree legumes as well as straw and even concentrates were superior to the normal 
standards. Farmers fed tree fodder (68.4-88.6%) to buffaloes and the system of feeding was the 
same during both wet and dry seasons. Rice straw has been fed more to bulls than to cows except 
in Devinuwara, following the age old tradition. However this practice will be more useful for 
milking cows under the grazing conditions with indigenous cattle in the area (Pathiraza et al., 
1996). The use of straw silage in feeding was minimal. Low adoption of straw silage feeding is 
also in keeping with low ~doption of conservation methods with forage crops in general. 

Concentrates and minerals were also offered to buffaloes in these areas. This could be considered 
as a very rare feature in cattle feeding, especially in Matara District. In fact, the greater attention 
to feeding of buffaloes observed in surveyed areas could have been due to the impact of youth 
extension services. This is a special situation created by youths because generally neat cattle are 
given greater care in feeding management, as buffaloes were mainly reared under more extensive 
management conditions (Seresinghe and Pathirana, in Press). This change in feeding could be 
used as an example in extending its application to other areas to improve national milk 
production. Buffaloes as a species, is also known to have a greater ability compared with other 
species, to thrive on poor quality roughage (Bhatia, et al. 1979). It is encouraging to observe that 
the practice of straw, concentrate and tree legume feeding exists in this region. Pathirana (1984) 
demonstrated the importance of supplementa?ion of straw when used as a basal diet for milk 
production in buffaloes, while Jayasuriya (1 982) emphasized the benefits of feeding treated straw 
to buf!aloes. 
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'I'able 5. Use of artificial insemination, vaccination and milking practices 

A l Vaccination Milker (Gender) 
AGA divisiori . % No. % Male % Female % Mixed % 

Weligama 2 2.5 0 0 N A '  NA N A  N A  NP. N .4 

Devinuwara 39 53.4 53 72.6 45 61.6 4 5.5 0 0 

Mean 5.27 16.7 13.3 18.2 61.0 56.5 23.3 18.7 8.0 6.1 

' N A  N o t  Applicable 

Calf management practices 

Calf management practices are given in Table 4. Colostrum feeding was satisractory reaching 
100% in Weligama, but there is room for improvement of this very important calf management 
practice In other areas particularly in Akuressa (88.3%). "raditional methods were more popular 
among the farmers with regard to prevention of navel infection, except in Weligama, while in 
q e v i n ~ ~ w a r a  52.3% of all farmers adopt one of the methods. For de-worming, the use of western 
method was more popular than traditional methods, except in Devinuwara with 65.7% of a11 
fartne~s deworming the calves using western drugs. 

Use of' artificial insemination (AI), vaccination and milking practices 

Many workers found that the use of A1 as a method of breeding buffaloes was negligible (Jellinek 
and Aven~ll, 1982). This is not surprising considering the difficulties that are encountered in heat 
detection under the present systems of management. However, 53.4% farmers in Devinuwara 
used A: for breeding purposes, as only 0.5 1 % of the buffalo population in the survey sample were 
stud bulls. 3u t  the .Ise of AT was negligible ir other 3 divisions (Table 5). It was found that 18.2% 
of the buffalo farwers owned crossbred buffaloes compared to 1.2% who had only river type 
buffaloes in Matara district (de Silva er al., 1935). "he interest in cross breeding and the use of A1 
were evident in the district. Animals were vaccinated against HS and FMD only in Devinuwara. 
BufiBloes being more susceptible to HS, the findings are of grave concern. 

Milking was a male dominated activity (56.5%) compared to females ( 1  8 7%), but a higher 
percentage of fernales in Akuressa (23.4%) and Kamburupitiya (27.3%) participate in this 
activity. 

Milking, utilization of milk and marketing problems 

All farmers who participated in the survey, milked their buffaloes at least once daily. The selling 
price of fresh milk ranged from a s .  12-1 5 per litre. The selling price of curd ranged from Rs. 25- 
50 per pot depending on the volume of milk in the pot. Curd fetched a better price than liquid 
milk, although manufacture of curd involved additional work. Mowever, the advantage of curd 
production was that it helped to overcome the difficulties experienced in the immediate disposal 
of liquid milk and the lack of storage facilities to prevent milk spoilage. 
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Data on utilization and marketing problems relating to milk are presented in Table 6 ,  Most 
farmers in Akuressa (65.9%) milked animals only to produce curd for home consumption, while 
in Weligarna most fanners (64.6%) used milk for home consumption as  curd and sold the excess 
milk in liquid form. Means for all AGA divisions indicated that 32.30Jo farmers preferred to milk 
cows only to produce curd for home consumption, while 5.2% of farmers only soId their milk as  
curd. 

Table 6. Utilization and marketing problems of milk 

Home use Sale of Only curd More More Quality1 shelf 
AGA Division only milk only sales Problems ?roblems life 

as  curd (1) for curd with rains with fresb problems 
(2) milk vs 

curd 
NO. % 0 .  % No, % NO. yo NO. O h  No. ?'Q 

Weligama 4 5.1 18 22 8 2 2.5 58 73.4 63 79.8 73 92.4 

A kuressa 62 65.9 0 0 1 1.1 78 83.0 89 94.7 87 92.6 

Kamburupitiya 33 20 5 0 0 1 0.6 133 82.6 63 39.1 151 93.8 

Devinuwara 28 38.4 2 1 28.8 12 16.4 61 83.6 51 69.9 63 86.3 

Total 117 39 16 3 30 266 3 74 

Mean 31.8 323 9.8 12.9 4.0 5.2 82.5 80.7 66.5 70.9 93.5 90.8 

Of  the most prevalent problems relating to the marketing of milk in all AGA divisions (40.8%) 
were related to quality and shelf life. Marketing problems of  milk in general (both fresh milk and 
curd) were more acute during periods of r a i ~  (80.7%) than with those relating to fresh milk when 
compared with curd (66.5%). Pathirana et al. (1995) also reported that with Ruhuna curd quality 
and marketing problems occurred mainly during rainy seasons. Lower temperature, increased 
humidity and decreased consumption of milk during rains appear to be the major factors affecting 
the quality and marketability of milk and its products during rainy spells. 
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PRELIMINARY SURVEY AND STUDY ON UP-COUNTRY DRY ZONE 
BUFFALOES 
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I;lepc~rl'tlzeni of Livestock I'roduct~on, Facu l~ '  of Agricultural Sclunces, 
Sobmagarnuwu University of Srr Lanka, Rahangala, Sri Lanka 

Abstract: A survey was conducted to determine management systems, purpose of rearlng ano reproductlve 
perforniance of buffaloes In the up-country dry zone. The sample comprised 120 buffaloes from three 
randomly selected 'reterinary ranges. Animals were physically evaluated and a questionnaire was filled 
during visits to the farms. Data were analyzed with :AS. The ma,onty of the buffalo farmers have on11 a 
primary educat~on and are mainly engaged '1 small-scale vegetable anu paddy farming The availab~lity of 
pastureland is limited Income gained by buffalo rearing is low. Yxtensi-ie management with range feeding 
and tethering was practiced. 'he average herd slze 1s six <he purpoge oi'buffalo rearlng was to assist in 
plough~ng and paddy harvesting On average, 96% of farmers used buffaloes for land preparation in 
terraced paddy lands, called the 'Helmalu' system, where vegetables and root and tuberous xops are 
cultlva~ed The mean work period was 5 5-hourstday The ~ndlgenous buffalo 1s the common breed In Srl 
Lanka. apart from .he crossbreds, and the average body condlt~on score is around three. The average herd 
compo\ltlon is 17 5 % calves, 22% heirers, 43% cows and 14 5% males 

Mllklng 1s neglected In most places Ihe dverage milk y~eld IS less than on? l~ter per day and the lactat~on 
length did not exceed four months I he age at first calvlng was 48 7 months and cal-ring interval was 23 6 
months The prevalence of reproduct~ve ploblems seemed to be low, while seasonal breeding was evident. 
Whlle a few nutr~tlonal problems exlst, gastro-~ntestinal parasitism and C M 3  were reported to be 
concurt ent dlscaws A few farmers have access to veterlnary services. Although there is a high potential to 
develol~ buffalo product~on In these areas, awareness of the farmers on scientific approaches mas 
rlgnlficantly low Farme~s should be mot~vated to use buffaloes for milk and other utilities Further research 
w~ll bc of great assistance to upl~ft 'he soclo-economlc cond~t~ons of up-country dry zone buffalo farmers 

Keywords: Management system, performance, up-country dry zone, 

Introduction 

The I,anka buffalo plays a significant role in the rural economy of Sri Lanka, providing chiefly 
animal power for tillage and also being a source of milk and meat to c varying degree depending 
on the location. ;;owever, information regarding buffalo production patterns in the country is 
scanty. R e s ~ ~ l t s  of a few surveys carried out in the recent past (Kuma-atilake and Buvanendran, 
1 979; Ryan el al., 198 1 ; Richards and Agalawatte, 1982; Siriwardane et al., 1982, de Silvz et ul , 
1985, Abeygunawardana et al., 1996) have been reported. These provide an insight to some of the 
aspects of the production systems and performance in some characteristics in limited areas of Lhe 
country. A study on buffalo nutrition in relation to the Agro-climatic zones (Ranawana et al., 
1996) has been done in mid-nineties covering all agro-climatic zones except the hill-country. 

Currently, there is great enthusiasm w i ~ h  regard to the more efficient utilization of buffaloes in the 
country. Availability of baseline data on the existing systems of management, breeding, feeding, 
reproduction and disease status etc, on an island-wide scale is of importance in the formulation of 
development plans. 3 n 1 y  a few studies have been done on management practices and other 
parameters of up country, dry zone buffaloes. According to our experience in conducting teaching 
programmes on farming practices with students since 1997, we have come across many buffaloes 
in this area in very good body condition. The Up country dry zone which has an average 
temperature of 27"C, average relative humidity of 65% and an average rainfall of 1500-2000 mm 
facilitate the well being of animals. A S  there is no p~bl i shed  information on upcountry dry zone 
buffaloes, ~t was felt that it is very important to cany  out a survey on these buffaloes to fill the 

gap. 



Prt.lim,~not~j~ . r /udj~ on zip-county dq. zone hzffaloes 

Materials and Methods 

'The area surveyed included three randomly selected veterinary ranges in up country dry zone, 
namely Haputale, Welimada and Bandarawela. Thirty buffalo fanners from the Haputale 
veter i~~ary range. 12 from Welimada range and 8 from the Bandarawela range were personal/y 
interviewed. Data were collected using an open-ended questionnaire. This study was carried out 
from September 1999 to January 2000. 'The data collected were analyzed by statistical software 
package, MINITAB. 

Results and Discussion 

Socio-economic condition of farmers 

Twenty eight farmers (93.3%) interviewed were involved in livestock husbandry as a part-time 
occupation. The ma-jority (71.4%) were engaged in small-scale farming such as paddy and 
vegetable cultivation, while the remainder were engaged in other activities such as buying and 
selling vegetables and salaried employment both in government and private sector. Only two 
f a r ~ n e ~ s  were engaged i n  livestock husbandry as a full time occupation. 

Most of the farmers included in  the study had only a primary education (Figure 1). Paddy 
cultivation is usually possible during Yala (south-west monsoon, September to May) season with 
the help of monsoon rains a l ~ d  watsr for irrigation. During Maha season (April to September), 
farmers resorted to vegetable, root and tuber crop cultivation. The income from both activities 
was seasonal. None of the farmers have a regular income from their animals. Their income from 
the animals also sliows a seasotla1 variation depending on the demand for animals in draught 
purpose. 

All the farmers included in the survey had their own lands with a majority (86.7%) having 
ownership of one acre, while the reyt o,wned land in excess of one acre. None of the farmers had 
separale pasture or grasslands. 

Fig. I Education Level of Farmers 

Details of the animals 

The animals were of the indigenous type, known as the Lanka buffalo (Bubalus bubalis) was the 
most common (85%) type found in this area. Others ( 1  5%) were crossbred animals mainly crosses 
of Murrah and Surti buffaloes. 

Most of the animals inciudsd in the survey had a high body score of around three. Most of the 
animals were reared under an extejisive management system with free range grazing. Some 
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animals grazing were kept under a semi-intensive management system, where tethering was 
practiced. None of the animals were given concentrates. On average, the herd comprised 17.5% 
calves, 28% heifers, 40% cows and 14.5% males. Among the males, only 10% were castrated 
animals. The average herd size was six. 

Utilization of buffaloes 

Ninet) percent of farmers used their animals for draught purposes such as land preparation, 
p l o ~ ~ g l ~ i ~ ~ g  and paddy harvesting in terraced paddy land known as 'Helmalu' system, which is a 
characteristic feature in the up country region. The animals are also used in land preparation for 
vegetable, root and tuber crop cultivation. Few farmers (6.7%) used their animals for mixing clay 
for br~ck  making. The mean work period was 5.5 hours/day. This is relatively longer whzn 
compared to practices in the other areas. This [nay be due to the favourable clirnatic conditions of 
the zone, which reduces the heat stress of the animals. 

Only a few farmers (3.3%) milk their animals. They animals are hand-milked once a day. The 
majority of them use the milk only for their own consumption, while the others sell after m i x i ~ ~ g  
with cow milk. 'Fhe average milk yield was less than one litre and tlie average length of the 
lactation period was 3.6 months (Figure 2). None of tlie farmers incli~ded in the survey reared 
buffaloes for meat purposes. 

1 2 3 4 5 6 7 8 

Length (Months) 

Fig. 2 Length of lactation 

Reproductive status 

None of the farmers use artificial insemination as a method of breeding for buffaloes. Reasons for 
this are, the difficulty in detecting heat under the extensive management system, the non- 
availal>ility of buffalo semen and low preference for artificial insemination. The average age at 
first c,ilving was 48.69 months (Figure 3). The average calving interval was observed as 23.6 
months (Figure 4). Generally, reproductive problems seemed to be low while seasonal breeding 
was o t)served. 
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No. oFAnimals 

10 

36 3 9 42 4 8 54 

Age (months) 

Fig. 3 Age at first calving 

2 1 24 2 7 3 0 

Calving interval (months) 

Fig. 4. Calving interval 
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Health status 

In addition to some nutritional problems, gastro intestinal parasitism and foot and mouth disease 
were reported as common concurrent diseases. C.:?ly few f m e r s  (40%) had access .o veterinay 
services. The buffaloes are vaccinated mainly against the FMD. 

Conclusions 

The survey revealed soms interesting featurss on buffalo production in up country dry zone. 
Although the buffalo population at present is low, as the incidences of diseases is not a significant 
problem in the area, the buffalo population can be increased with the introduction of scientific 
management practices and the profitable use of dairy products. Further genetic upgradi~g  will be 
benzficial and profitable to the farmers rather than maintaining the local breed. Although there is 
a high potential to det~elop Suffalo production, the awaremss of the farmers on lpenefits of 
adopting scientific approaches is significantly low. Farmers should be encouraged to mi14 their 
animals. Further research end studks will bexof grez: assistance to uplift the socio-eco~omk 
conditions of upcociltry dry zone b ~ f f a l o  farmers. 

Acknowledgements 

The authors wish to express their gratitude to the veterinary staff of the study area, the farmers 
included in the survey anC Professor M.U. Jayasekara for their fulIest cooperation. We appreciate 
the assistance extended by the technical officers in the Faculty of Agricultural Sciences, 
Sabaragamuwa IJniversity o: Sri Lanka. The assistance and tne dedicated ws;k of Mr. V. 
Wiewardana, Mr. C.N. Walpita, Mr. C. Beneragama and C.N. Eiyanage are gratefully 
acknowledged. 

Reference: 

Abeygunawardena, H., Subasinghe, D.H.A., Perera, A.N.F., Xanawana, S.S.E., Jayathilake, M.W.A.P. and 
?erera, 3.M.A 0. (1995) Transfer of technology in small holder intensive buffaloe farming. Results 
from a ~ i l o t  study in 1i4ahak~veli system "H". In: Proceedings of a Regional Symposium. Buffalo 
gesearch Programme of the Swedish Agency for Research Cooperation with Developing Countries 
("sREC) and the Nr-ural Resources, Energy and Science Authority of Sri Lanka (NARESA), 10-15 
December 1995, Peradeniya, Sri Lanka, pp. 67-94. 

De Silva, L.N.A., Perera, 3.M.A.0.  and Tilekaratne, L. and Edqvist L.E. (Editors) (1985) Production 
systems and reproductive performance'of i~digenous buffaloes in Sri Lanka. Swedish University of 
Agricultural Science, Uppsala, Sweden pp. 142. 

Kumaratilake, W.LJ.S. and Buvendran, '1. (1979) A survey of production characteristics of indigenous 
buffaloes in Sri Lanka. Ceylon Veterinary Journal, 27, 10- 13. 

Richards, E.M. and Agalawatta, M. (1982) A, sample survey analysis of buffalo management practices and 
herd profitability in the different agro ecologicai zones of Sri Lanka, In: Proceedings of the SAREC 
Workshop on Water Buffaalo Research in Sri Lanka SAREC Report R 3: pp. 20-30. 

Ranawana, S.S.E., Dharmawardena, J., Abeysekara, A.W.A.S., Rajaratne, A.A.J., Gunaratne, G.D.J.K. and 
Ekanayeke, E.M.C. (1996) The nutritional status of indigenous buffaloe with respect to selected micro 
nutrients. In: Role of the b f l a l o  in rural development In Asia. (Eds. Perera, B.M.A.O. eta(.) Colombo, 
S ~ I  Lanka, NARESA Press, pp. 28 1 -282. 

Ryan, M., Abeyratne, F. and Famngton, J. (1981) Aniriral draught The economics ofrevival. Agrarian 
Research and Training Institute, Occasion publication No. 23. 

Siriwardena, J.A. de S., Wickramasuriya, U,G.J.L. and Balachandran, S.S. (1982; Management practices of 
the buffaloe in small farms. In: Proceedings of SAREC Workshop on Water Bufaloe Research in Sri 
Lanka. SAREC report R 3: pp. 13-1 9. 



Preliminary study on up-country dry zone bufaloes 

Questionnaire for preliminary survey and study on up country dry zone buffaloes 
1. Details of the farmer 

1.1 Name: 
1.2 Veterinary Range : 
1.3 Address : 
1.4 Animal rearing (part time / full time) : 
1.5 If part time, permanent employment 
1.6 Education : 
1.7 No. of family members : 
1.8 Average income of the family : 
1.9 Land availability : 
1 .10 Pasture / grass / other crops : 

2. Details of the animal 
A) General 
A. 1 Type and number of animals 

1 2 3 4 5 6 
Breed 
Age 
Sex 
Body score 
Skin colour 
Horn pattern 
Remarks 
A.2 Type of management : 
A.3 Type of feeding : 
A.4 Concentrates if given (kg / day) : 
A.5 Purpose of rearing animals : 

3. Reproductive status 
3.1 Breeding method (natural / AI) : 
3.2 Rate of conception / Repeat breeding : 
3.3 Average age at puberty : 
3.4 Age at I "  calving : 
3.5 Calving interval : 
3.6 Reproductive problems : 

4. Production status 
Milk 
4.1 Length of lactation : 
4.2 Frequency of milking : 
4.3 Method of milking : 
4.4 Cleanliness - (prior / post) : 
4.5 Average milk yield : 
4.6 Fate of milk - (selling / production 1 consume) : 
4.7 Average income : 
4.8 Udder health : 
Meat 
4.9 To where animals are sole : 
4.10 Age at which animals are sold for meat : 
4.11 Average income by meat (per head selling) : 
Draft 
4.12 What is the usage - ploughing 1 Harvesting 
4.13 Average income : 

5 Health status 
5.1 Common diseases : 
5.2 Frequency of access to veterinary surgeon : 

5.3 Common drugs used : 



STATUS OF WILD BUFFALOE IN NATIONAL PARKS AND THEIR ADVERSE 
EFFECTS ON HABITAT MANAGEMENT 

N. Atapattu and V. Perera 

9epartment of Wildllfe Conservation, 18, Gregory's Roc4 J,olornho 7, Sri Lanka 

Abstract: The presence of large numbers of water buffaloes in National Parks has created a critical 
management issue, due to the degradation of pasturelands and water holes. Many species of herbivores 
(Elephas maxzmus rnmlmus, dxls mrs ceylonensis, Cervis untcolor unlcolor) have lost their right to survive 
within the National Parks due to this habitat degradation. Of the 15 national parks In Sri Lanka four were 
selected for this study to evaluate the current status of wild water buffalo and their effect to the ecology of 
these parks. Using the direct count method around water holes and grasslands, a calculation was made of 
the number of wild water buffaloes In the parks An assessment of the number of domestic water buffaloes, 
that were released into the parks during daytime was made on information obtained by questioning a 
number of cattle owners. Based on this information, the approximate numbers of the resident buffalo 
populations in parks were identified. The water buffalo population was categorized as wild, extremely feral, 
feral, semi feral or domesticated, based purely on the reaction toward the presence of humans and external 
morphological attributes such as the height, body size, general condition, horn size and horn forms of 
animals and abundance of hair in the neck region. 

It was estimated that between 40,000 to 60,000 water buffaloes graze in these parks. The number of w~ld  
buffaloes is more or less around 1500. Buffaloes cause habitat degradation by competing for fooc! w~th 
other wild herbivores, pollution of water sources and soil erosion, weed propagation through over grazing, 
genetic contamination and spread of disease. Therefore the elimination or at least reduction in domestic 
water buffalo numbers in National Parks is essential for prevention of habitat degradation and genetic 
contamination of wild water buffaloes. This study proposes a domestication program for such buffaloes 
outside the National Park, while preserving the wild or extremely feral population within the parks. This is 
a preliminary study and further studies are required on cytogenesis, population statistics and health to 
develop a classification system based on morphometrics. 

Keywords: Wild buffalo, habitat management 

Introduction 

Sri Lanka is amazingly rich in biodiversity, due to  its unique bio-geographic n a l ~ r e .  Despite its 
small size, it provides the required habitat and the conducive climate for a tropical fauna and flora 
inclusive o f  a large population of water buffalo in protected sreas. Tha protected areas under the 
jur7isdiction o f  Department o f  Wildlife Conservation (DIVLC) are basically o f  two types, (a) 
National ressrves and (b) Sanctuaries. 

National reserves are further categorized into different classes, based on the neture of land 
ownership, access for human activities and conservation strategies. National parks are or?.e of the 
categories under national reserves. These nationa; reserves and sanctuaries cover an area of  
789790.15 ha o r  12.03% of  geographicel area o f  Sr: T,anka. A high proportion of Sri Lankan 

Ose reserves. water buffaloes directly or indirectly depend on th, 

It was earlier thought that the Lankan buffalo was a descendant o f  buffaloes introduced in the  6' 
century BC by immigrants from India. However, the occurrence of fossil buffalo teeth in gem pits 
a t  a depth o f  10 m below ground level and other fossiliferous deposits indicate their existence in 
Sri Lanlta from prehistoric times. It would seem that CIP wild buffalo indigenous t o  the island 
were domesticated by the early agricultural settlers. 

The  question as to  whether the Sri Lanka water buffalo is truly o f  wild or feral origin has been a 
subject of debate for among taxonomists. I t  has t e e n  reported that no  wild buffaloes are t o  be 
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found in the Indian mainlard, south of the Central Provinces. It seems probable that the wild 
buffaloes now inhabiting the forests and plains of many areas of the dry zone in Sri Lanka rre the 
descendants of feral domesticatsd stock, originally imported i ~ t o  Sri Lanka by the a~cient  
Sinhalese, from the grassy plains of Ganges. Except that they are more massive in size and 
aggressive, with heavier horns, they are almost indistinguiskable from recent feral stock with 
which they breed freely (Phillips 1935). 

However, there is enough scope for such a segregated buffalo popurption in the wild to acquire the 
broad roroperties of a 'taxon'. Jt is u.ifortunate that no attempt has been maae so far to differentiate 
between tlie wild, Feral and domestic buffaloes cytogenetically. Hence the wild and extremely 
feral water buffaloes in the wild are recognized simply as wilo or as feral. 

Material and Methods 

The study was carried out in four National Parks (Wasgamuwa, Udawalawa, Lunagumwehera and 
Yala National Parks), out of the 15 national parks in Sri Lanka. The study wa? carried with the 
help of wildlife rangers and game guards of the Department of Wild Life Conservation (DWLC). 
'(he airect count method was usea during the rain and drought periods, around the water holes and 
grassland. While carrying out the survey, a number of cattle owners were questioned and an 
assessment was made of the number of domestic water buffaloes, that were released into the parks 
during daytime. Based on this information, the ap~roximate -lumbers of the resident buffalo 
populations in parks were identified. 

The reaction toward the presence of humans and external morphological atkibutes such as the 
height, body size, general condition, horn size and 'lorn forms of a--1imals a ~ d  the nassiveness and 
abundance of hair on the neck region, and brand marks were considered as guidelines for the 
categorization of water buffalo into wild, feral, semi feral and dc,nesticated "rypes. 

Pastire lallds ana water holes were examined to assess the damage done by b~ffaloes, the spread 
and extent of weeds and agricultural plants compared with the other areas, where water buffalo 
activities were minimal. The pattern of utilization of water holes and grasslaqds by other 
herbivores were observed with and withoilt presence of water buffalces. 

Results 

Ta bl.: I .  Distribution of water buffaloes in selected National Parks 

Category Yala Udawalawa Lunugamwehera Wasgamuwa 

Domestic and semi 12,000- 16,000 15,000- 1 8,000 10,000- 12,000 10,000-1 2,000 
feral 

Feral 2000-3000 2000-3000 500-1000 800- 1200 

Extremely feral1 wild 1000- 1500 300-500 200-300 200-300 
water buffaloes 

Total 15000-20000 17,090-22,000 1 1,000- 13,000 1 1,000- 14,000 

The findings were based on direct observations done on the grasslands and water holes, where 
large number of buffaloes were available and compared with those in places where they were not 
available. 

T5e effect of water buffaloes on the environment was observed mainly around waterholes, 
reservoirs, streams and ;ivers in the vicinity and in the grasslands. It was observed that there is 
considerable competition for food among herbivores. The competition for fodder becomes quite 
mar!:ed during the drought season. During the peak of the drought period, herbivores except water 
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Wild bufalo in national parks 

buffaloes regenerate naturally and weeds get the opportunity to overtake the pastures. The 
overgrazing of grasslands results in failure of natural regeneration of pasture. This provides a 
good opportunity for the non-fodder w e ~ d  species such as Lantana camera, Phyllathus 
polyphyllus etc. to thrive. Mass movements of buffaloes also lead to soil erosion in river banks, 
reservoirs and water holes. 

The adverse zffect of buffaloes is seen particularly at the peak of the drought period when they 
use 1.p availaSle water resources. Fuffaloes pollute the limited water that is left in the smaller 
reservoirs by wallowing and defecation. As a result elephants and other herbivores are not able to 
drink this polluted water. 

Table 2. Eqtents of selected National Puks and population density of water buffaloes 

National Park Extent (ha) Population density 
(Headha) 

Yala 122,02 1 0.17 

Discussion 

This stud) had no reliable identification key to differentiate between tbe wild, extremely feral, 
semi-fcral and domestic water buffaloes. Except for the domestic buffalo, the rest had no brand 
marks as r guideline for identification. It was based purely on the reaction of animals toward the 
qresence of humans and their external morphological attributes such as the height, body size, 
general condition, horn size and horn forms of animals and the massive body structure and 
abundance of hair on the neck region, 

The first three categories were considered as residents of the park, while at times semi-feral water 
buffaloes that associated with the domestic herds moved away from the pzrk. The crossbred 
progeny from matings between exotic breeds such as Murrah and Surti and the wild water 
buffaloes makes it more complicated to identify the wild water buffaloes morphologically. There 
is no tioubt dhat such breading with exotic breeds cause severe gene contamination. 
It has 5een observed that although the wild or extremely feral male buffaloes compete with 
domestic male buffaloes to breed with domestic female buffaloes, it is very rarely that domestic 
male burfaloes gain access to female wild or feral buffaloes. This is because male wild water 
buffalcas secure their breeding territories more aggressively than domestic buffaloes. Hence the 
chances 01' wild genes to continue to propagate without getting mired with tE.: domestic water 
buffalo is greater. 

Not infrequently, a wild bull will quit the jungle and take over a herc of domesticated buffaloes, 
driving away the owners and keeping the herd for itself. At other times, villagers will tie up their 
cow buffaloes, when in oestrus in the jungle in order to have them mated with a wild bull, 
believing that the strain is thereby improved (Phillips 1935;. 

There are no proper records or information on outbreaks 9f disease among wild buffaloes in Sri 
Lanka. Unconfirmed records state that Foot and Mot-th Disease, Rinderpest, haemorrhagic 
Septicemia outbreaks have occurred on several occasions at these parks. In 1994, a Kaemorrhagic 
Septicemia outbreak was recorded in the Udawalawe National Park causing some elephant 
mortality. A recent survey has found the in~idence of brucellosis among domestic water buffaloes, 
that graze within the Udawalawe National Park (Wijewardana et al., unpublished). 

Surveys have indicated that the wild buffaloes may serve as a reservoir of the Foot and Mouth 
disease viruses (Fernando, 1980). Though no proper investigation was carried out, it is believed 
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that diseases such as brucellosis, leptospirosis, parasitic diseases etc. exist and spreac to domestic 
to wild and vise versa. 

According to the preliminary survey (Table I), the number of wild /feral buffalo is considerably 
low compared to domestic grazers. It is evident that effective seasonal breeding and the abserlce 
of any predators have contributed to maintain the wild buffalo population unchanged. Predators 
such as the Leopard (Panthera pardus), Crocodiles (Crocodylus porosus and Crococlylus 
palustris) and Jackal (Canis aureus), and drought conditions are the known major mortality 
factors. Removal of a certain number of buffaloes by the farmers for draught, and illegal poaching 
may also contribute to the control of wild buffalo population. It is be believed that in the case as 
calf mortality, factors like parasitism are the major causes. 

Thereiore, the presence of a comparatively lesser and constant nurrber of ferallwild water buffalo 
is not a problem in park management and they can be considered as a part of the ecosystem. At 
the same time, it is obvious that domestic water buffaloes do contribute to the present hazards of 
these parks. Thus elimination or at least a reduction in domestic water buffalo numbers in 
National Parks is essential to prevent habitat degradation and genetic contaminatior of wild water 
buffaloes. 

The Fauna and Flora protection ordinance of Sri Lanka has given the authority to DWLC to 
remove or cull the domestic water buffalo population in National Parks. Under this acthority, 
DWLC has taken action to capture and remove domestic water buffaloes on several occasic.?~ but 
they have failed due to poor planning and techniques used. 

Considering the numbers of buffaloes and their offspring, they can be considered as a national 
resource. Thus, there should be a scheme to allow buffalo owners to keep or remove buffaloes in 
parks. The DWLC, the Department of Animal Production and Health and interested Non 
Governmental Organizations should collaborate to give effect to the solution of this problem. The 
implementation of eco-development activities in affected villages is the major suggestion in this 
direction. Under the national breed improvement program, extension program, fodder production 
program, milk handling and marketing programs, alternative jcb opportunities can be createcf in 
villages adjoining the national parks. 

With the ongoing eco-development program, the domestic water buffaloes should be stopped 
from entering parks for grazing and buffalo farmers should be allowed to remove semi feral 
511ffaloes. As an alternative, water buffalo should be removed by capturing, using chemical 
immobilization, machines and manpower or by trapping, to effectively keep the population of 
semi and domestic buffaloes out of parks. If however there is still an excess of feral water buffalo, 
with increasing population, young feral buffaloes should be removed completely or a selected age 
groups such as heifers should be removed as a population control strategy. 

Conclusion 

Domestic and semi-feral water buffaloes pose a major habitat threat to National Parks. It is not 
possibl.: to achieve management goals i:; t h e  parks without elimhating the excess buffaloes. 
Further research studies need to be carried out to focus on morphometrics, popuIation statistics, 
cytogenetics, health, habitat enrichment and the carrying capacity of wild life in each national 
park. The following topics for investigation are suggested in this preliminary study. 

There is adequate evidence to believe that the buffalo population of National Parks has been 
contaminated with feral and domestic stocks. However, in the absence of any previous studies 
it is difficult to make a reliable assessment of the intensity of the problem. Therefore, it is 
important to develop a classification system based on morphometrics of these animals. 
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This is a need to establish a complete data base and reliable scientific census of water 
buffaloes in National ?arts. 

A comprehensive study of cytogenesis of water buffaloes and evaluation of their biodiversity 
value is needed. 

A study on the incidence of microbial and parasitic diseases 

Habitat enrichment programmes, which can be implemented on National Parks to mitigate 
food competition of buffaloes with other herbivores. 

Establishment of the carrying capacity of ~vild juffaloes in National Parks. 
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A HISTORICAL REVIEW OF THE USE AND MANAGEMENT OF THE 
WATER BUFFALO IN SRI LANKA 
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' Department of Animal Science, Faculty of Agriculture, 
2 Department of Geography, Faculty of Arts, University of Peradeniya, Peradeniya, Sri Lanka. 

Abstract: Sri Lankan water buffaloes (Bubalus bubaiis) are of two t q e s ,  wild or feral and domesticated. 
'They had been introduced'to Sri Lanka as a domesticated animal In 6 century BC with the migration of 
Aryans fi-om Indla. Some available evidence confirms that semi-pastoral tribes raised them for agricultural 
and dairy purposes 'he wild buffalo is a relative of the Indian wild buffalo (B arnee) and some claim that 
they are feral populations of the domestic animals. Others have categorized this wild species as a separate 
sub-species called B huballs mgona. However, there are distinct phenotypic differences present in both the 
domestic and wlld species Based on the phenotypic characters and activity, the domest~c species can be 
grouped into "Rerava ': "dru : 'GGna " und " dth '! The archeological excavations based on fossiliferous 
evidence suggest that th7s species was in the island in the present dry and wet zones even during the ' 

neolithlc prehis~oric era The Sri Lankan water buffalo played a significant role In the ancient traditional 
wlture Mary rock inscriptions dating back to 5' century AD reveal that ancient kings and noblemen 
offxed h,:rds oC buffaloes and herdsmen to the Buddhist temples. During the 16', !7", and 18' centuries, 
the 'candyan klngdom haa thelr own herds of buffaloes. In many ancient 'tillage-tank systems" such as 
pursna vrlluges': keeping I-rge herds of buffaloes was a common practice. These herds were known as 
If?utl~ya "and the owner and the herdsman were called 'kosamlka "and 'gopaluka ': respectively. As a result, 
the social status in the society identified by t~tles, such as pattl vdane"  "vlamakkara pattlya" and 
';aattlk(ira7< and even castes such as '@azt~ "and %opalukula"were evolved as sub-castes of 'gov~kula~in  the 
1 6 ' ~  century. Buffaloes were also used for many other purposes in the society, such as for ploughing and 
puddllng of Paddy soils : puddl~ng of clay for brick making and pottery. Buffalo skin was used as "canopy" 
or 'tlyana", bones and horns for making combs and handles of tools, and halr and bones as materials lor 
'Xamalh rituals " "Pasgorasa " were the main food products obtained from buffalo. Evidence indicates that 
in the 1" century, beef consumption existed in the ancient society, although later, the eating of beef was 
considered unethical. Stalking buffalo or "dhada migonu "was commonly used in the ancient society until. 
.he colcnial era for hunt~ng of game animals. Buffalo fighting or "mlgon pora"  was a popular traditional 
sport durlng the era of the Kandyan kingdom Many Buddhist scholars during 5& century have documented 
the raising and management practices of buffaloes in 'Fa11 ". The buffaloes should be grazed in one location 
only once in 5 - 7 days. When leadlng the herd to a water source, the pregnant cows, weak and sick animals 
and the calves should be in the fore front of the herd to avo'd competition from the strong. Once the herd is 
returned from grazlng the thorns in the skin, insect eggs and maggots should be removed and the wounds 
should be cleaned and bandagecl with processed tree bar!:s or Surnbulu'~ T\e shed and the surroundings 
should be kept clean especialiy during the rainy season The leader of the herd or the 'koparlnayaka "should 
be fed and looked after well. In the Tamil text Yhesavala:rzat", many rules and regulat~ons are given on 
hiring of buffalo for land preparation Today the books such as 'goratnaya: $avaslddrsaraya" and 
'gavavedupotha "which address the traditional treatment methods for cattle and buffaloes have been derived 
fi-om the ancient traditional knowledge. 

Keyivords: Historical aspects, wild buffalo, domestic buffalo, feral, traditional systems 

3uf fa lo  (Bubalus bubalis) is commonly known a s  the  " beast o f  burden" in the tropical Asian 
region. T h e  term buffalo is cornmanly used in the  vernacular to  refer to  a person with an  idiotic 
character o r  nature, although the real buffalo is not as idiotic as people think. Based on the 
behavioural characteristics of the buffalo, Cockrill (1976) made the  following statement t o  
describe the  genesis o f  tl-zs beast; '2fter Noah had got all the animals aboard, he was left with a 
job 101 - a sort of crook collection, he could not pair with anything. There was a pig, and a sheep, 
an old horse arzd a dog. He put them all into a big basket and s h o k  it up for ten minutes and out 
came a pair of b;,flaloes. See! They lil:e to wallow like pigs, they herd tigh:ly as sheep, not like 
cattle they are as much a servant as the ,Izc:*se ard are fait'gui as the iog".  



Use and munagement of water buffalo A Historical review 

Buffaloes play a vital role in the Sri Lankan agriculture, culture and to a lesser extent in o-her 
industries. History records that the buffalo kept the rural agricultural society together, thr~ugh 
many group or community based involvements, such as the 'izththam "system and the exchanging 
and sharing of this beast in agriculture based activities. Even in present day agriculture, they play 
a very prominent role as a source of farm power. They are not as "dumb" as one thinks, but is 
very intelligent and can be looked dpon as the closest and most beneficial companion that our 
ancestors had, when this country was called the "granary of the east". One could imagine the 
contribution they made during that era to bring the country up to that level. This beast has not 
only assisted in bringing this country towards prosperity in the past, but will also continue to do 
so even today. Therefore, it is worthwhile to investigate the historical aspect of this beast of 
burden, the buffalo. 

Origin 

Cattle and buffaloes were part and parcel of the ancient agrarian system of Sri Eanka. This 
companionship dates back many centuries. Many of the prehistoric evidence available support this 
statement. E-Iowevsr, no such evidence exists with regard to the goat arld sheep, to establish that 
they were domesticated during, and lived In associatior with man in the early civilization (Geiger, 
1960). 

There are two types of Sri Lankan buffaloes, wild and domesticated. There is another group called 
"ferai", the animals which were domesticated and later moved into the wild habitat. The Sri 
Lankan wild buffalo is different from ths Indian wild buffalo. According to Deraniyagala (1953), 
the Indian wild buffalo is called 'Bubulzs urnee" whereas the Sri Lanka wild buffalo Is called 
'Bubalus b~balzs ': The domestic bu,'falo is also called B. bubalis. 

The wild species of buffalo 'n Sri Lanka is not as heavy as the Indian type, and has a small body 
size with short horns curving towards at :he Lip (?hillips, 1936). There are many arguments to 
support that the Sri Lankan wild buffalo is feral. However, Ellerman and Morrison (1966) dismiss 
this opinion. Since there was no evidence to endorse that the Sri iankan wild buffalo (B. Bubalis) 
is a descendant of the ~naian wild buffalo (B. arnee), Deraniyagala (1959) considered it as a 
separate sub-species and named it "B. Bubalis migona". He also described certain special 
phenotypic characteristics. According to him, the Sri Lankan wild buffalo is larger and stands 
higher in legs, with a coat of reddish brown hair. The horns are stronger, larger and more erect 
with their tips curving mor? forward than in the domestic animal and, shorter than in the Indian 
wild type. The spine is raised into a prominent hairy ridge at the withers and the head is more 
hairy. The neck is round and stronger.   he calves of the wild type are darker in colour than the 
domestic type. These characteristics are in accordance with characteristics of the specimen head 
No. 783 ol'a wild buffalo kept at the Colombo Museum. 

In contrast to this, Janeja (1958) reported that the Indian buffalo (B. Bubalis) is closely related to 
the Sri Lankan wild buffalo found in the Southern and Northern parts of the island. Robert Knox, 
in his book titled "A Historic Relation of Ceylon" mentioned that Sri Lankan buffalo was also 
known as "Gavarc~" by the local people. However, this is a misinterpretation, and it is worthy to 
mention here that Gavara is an entire:] different species of ruminant (Bos gaurus). 
Phenotypically Gavara is closely similar to a cross between cattle and the buffalo, than the 
buffalo. This species existed on Sri Lmkan soils until the late 19Ih century AD. Presently, a well 
preserved head can be seen at the Hill Ciub Hotel, Nuwara Eliya. The Sri Lankan species of 
Guvava has been named by Deraniyagala 9; "Bos gaurus sznhalayus". 

About a century ago, the wild buffalo populations were in abundance in the low country forests. 
Subsequently, most of t h m  became interbred with the domestic types. Therefore, it is doubtful 
whether the two types domestic and wild are entirely two different types or the wild type is a 
resu;t of the domestic type becoming feral or, the domestic type being the result of domestication 



of the wild type. Therefore, it is worthwhile to investigate whether both these types are the same 
or not ard zlso their origin. 

Eisenburg and Mckay (1970) expressed a strong opinion that the Sri iankan water buffalo is 
indeed a Pleistocene form and its introductton to Sri Lanka during historical times have to be 
revised. Sri Lankan buffalo can be classified as follows; 

Order: Ung~lcfa 
Sub order: Artiodactyla 
Section: Pecora 
Family: Bovidse 
Species: BubaEus bubalis bubalis (wild species) 

Bubalus bubalis (domestic species) 

They have also been classified as: 

Bas bubalis Linnaeus (1 766) 
Bubalm bvfelus KeIaart ( 1  852) 
Bos bubalis Blanford ( 1  841) 

Fossils sxcavated from Ratnapura gem pits at a depth of 6 - 3C ft clearly demonstrated the 
presence of buffaloes in Sri Lanka in the prehistoric times. In addition to their presence in the wet 
regions, they were also abundant in the dry zone, All these fossil evidences were found during the 
archeological excavations either accidentally or otherwise (Der~niyagala, 1953). It may be 
possible that the semi-pastoral tribes living in the island may have domesticated buffaloes and 
cattle for agricultural and dairy purposes as in India (Allchin, 1962). This opinion is not easy to 
rule out, because in the history c~f Sri Lanka the use of buffaloes for draught and dairy purwoses 
were clealy recorded in the ancient ch-onicles such as 'Mahavamsa 'I It may be that eaAy settlers 
who migrated from India during the 6th century BC, vanquished the native tribes ana colonized 
the dry zone. They were from an agricultural based civilization and must have  domesticate^ the 
buffalo and cattle for their agricultural practices (Siriweera, 1 982). 

Rouse (1970) bears a different viewpoint on the Sri Lankan buffalo, He believes that the Sri 
Lankan buffalo is a swamp type and ossibly the early Sinhalese (Aryans) who migrated to Sri R Lanka from Northern India during 6' century BC, introduced them from India to the isiand. 
Records in ?he 1'vfahavam.s~ chrovlicles suggest that cattle and buffalo populations increased during 
the 4'" century BG. However, during the 5'h century BC cattle and buffalo keeping were 
recognized as a symbol of high social statttws. Evidence exist i7 the Mahavamsa to confirm the 
presence of large herds of caele and buffaloes in the :~il!ages of 'Dvaramandala "and '2)eegavuj)ih 
in the southern parts of the dry zone (Mahavamsa). The present day evidence testify to this, since 
this area is basically an agricultural region. 

lilre2iaeval Sinhala veterinary works recognized four types of buffaloes in Sri Lanka. This 
categorization is based purely on the phenotypic characteristics and activity or both. They have 
classified Sri Lanka- buffaloes into the following four groups; 

Berava - - Black and active 
Uru - - Pig iike, carries its head low and iegs short 
GrSna - - Slender legs, head high and colour similar to sambur 
24th - - Sfow, elephant like breed (Deraniyagala, 1959). 

This clearly indicates that even within a single soecies, soxie subs~ecies could exist. 
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Ancient 3ri iankan culture and society were closely linked with the buffalo and cattle, mainly 
because of the ancient agrarian civilization. Farm power was mainly derived from buffalo and no 
historic evidence is present in support of the use of the horse, the donkey or the elephants. The 
major crop cultivated was rice and according to the management practices and the nature of soil 
texture of paddies, the most suitable animal was the buffalo. Considering the observations made 
by Robert Knox regarding the worthiness of the paddy farmer even for kingship, one can imagine 
the level of royal patronage offered to this noble profession. If the buffalo was part of this 
recognition, eaually similar royal patronage wouU have been paid to the buffalo, tc3. Traditional 
paddy cultivation was linked with many spiritual, cultural and customary activities 

The buffalo was also reared by the Muslim community, because buffalo ghee was an important 
ingredient in their traditional cooking. Ghee is a product of buffalo milk. The qualities of the 
buffalo as a working animal ?;.ere also better appreciated by those who follow the teachings of 
Islam, who regard patience as a virtue and accept that "in whose property there is a due portion for 
those who ask and those who are prevented from asking (also all the dumb animals)" (Holy 
Koran). 

After the 16"' century AD, both cattle and buffalo raising was accepted as a nable nrofession, and 
one who keeps cattle and bufAraloes was considered to be a high class person iv society. 
Eventually, in the Sinhala cast system two sub-classes emerged as "Patti" and "Gopulu" from the 
noble class of "Govi" (Mahavumsa). Other ancient chronicles such as 'Chulavamsa" 
"Rajaratnctkara.~~" provide sufficient evidence on the offering of buffaloes and cattle to temples 
and viharas. 

According to the roc$ inscriptions found in Jaffna, during the I l t h  century AD 15 buffaloes were 
offered to the Velgarn vihara by a Tamil national to obtain ghee for the lighting of the lamps in the 
vihara (Epigraphia Tamzlica, 1971). Epigraphical evidence at Galapatha vihara, near Bentota 
reveals that offerings were made for the protection of buffaloes and herdsmen (Epigraphia 
Zeylanicu, 1904). During the 14Ih century AD, a commander by the name Senadhilankara offered 
400 buffaloes to the Lunkathilaka vihara. This was engraved in a stone pillar at Hevavissa Korale 
in Kurunegala district (Paranavithana, 1960a). In addition to this, the king also had offered the 
services ol' herdsmen to the vihara to manage the herds (Paranavithana, 1960b). 

It was a traditional custom during the period of Sinhala rulers that when a temple 0;. a vihara 
owned a large herd of cattle or buffaloes, the king provided services to manage the herd by 
providing the herdsmen. These herdsmen bore a high noble status in the society and were 
honoured with respectful positions affiliated to their name such as "Pattividhane" or 
"Nilamakkara". In the royal palace, there was an official position called "Pattividhane Nilame" 
who was the chief of the milkmen and buttermen (Perera, 1916). These positions were so 
respected and accepted by the then society, that they continue to use these ancestral names to 
indicate their descent from honoure,_l ancestors. 

The owner of a large personal herd was called "Gambaraya". He was accepted as a member of the 
high society not only for his wealth but also for the nobility. The cattle or buffaloes that belonged 
to a vihara were treated as a royal property and they were not permitted to be used for agricultural 
purposes or any other use other than keeping for milk and pasgorasa. The regulations were such 
that they could not be even used for "Rajakariya". 

Buffaloes had been used from the inception of the agrarian civilization of Sri Lanka. In wetland 
agriculture, buffaloes are preferred to cattle due to many reasons. In rice cultivation they were 
used from the i~it ial  land pregaration to the final threshing. In the 1 3 ~ ~  century AD documents 
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such as "Pujawaliya" and "Suddharmaratnaoaliya" mention is made of the use of the buffalo 
drawn plough for land preparation in paddy cultivation (Siriweera, 1993). According to the 
epigraphical evidence, in the gth and loth centuries AD buffaloes had been used for draught 
equally with cattle (Epigraphia Zeylanica 1904). 

Trained buffaloes were also used for hunting of other animal species. They were also used to 
capture the wild or feral buffaloes for domestication (Story, 1907). Hunting deer and wild boar 
with the stalking buffalo or "Dadha migon" was very popular in the past in Pasdun Korale, east 
aqd south of Kalutara (Tennent, 1861). During the British rule, hunting of wild buffaloes for game 
was a very popular sport, which was only second to hunting ele~hants. The hunted animal heads 
were preserved and hung on walls as trophies. Such trophies can still be seen in estate bungalows 
and in the Hill Club Hotel at Nuwara Eliya. The value of the trophy was measured by the length 
and the span betweeri'the horns (Story, 1907). The skin of the buffalo was a very valuable item. 
This was used to make canopies or "Viyana" and also the drums or tomtoms. Horns ana bones 
were used in making ornaments, combs and tool handles. The bones and hair were used for 
spiritual activities in the "Kamath" or threshing field traditions. U r i ~ e  was an inportant ingredient 
in the traditional medicinal system (Dharmapradeepika, 1927). 

During the battle between King Elara and King Dutugemunu, molten metal was poured on the 
back of King Dutugemenu's royal elephant. After veterinary treatment, the elephant was sent bac': 
to the victorious battle by applying one hundred layers of buffalo skin on the back of the elephant. 
Well processed buffalo skins were also used to make "Paliha" (shield) and "Sum Salta" (leather 
vests) (Chulavam.sa, 1929). 

"Magasalakunu" a text dating back to the 15' century AD mentions a "rnigon a,.arnba" at Kandy 
where traditionally the "Pora rnigon" (fighting buffaloes) or "Dadha migon" (stalking buffaloes) 
were kept, D'Oyly (1 8 10) also made mention of a migon aramba near Malvattu Vihara. According 
to the records the best pora migon came from "Sathara Korale (four korales) and the large and 
fieavy bull from "Vellassa" of Badulla District. Deraniyagala (1959) gives a detailed description 
of the required phenotypic characteristics and how the animals were selected trained. and how the 
fights were conducted according to the rules of the game. Near Kadugannawa regular fi gbts were 
held during the paddy harvesting season until recently. 

"Pasgorasa" (in Pali Pancagorasa), or five tastes of excellence are very valuable food items in 
both -oyal and ordinary menus. These products were made of milk offered or used only on royal 
occasions. Some of these were essentially made of buffalo milk. These pasgorasa consist of 
"Kiri" (milk), 'Dee kirin (curd), "Yodhaya" (cream), "Gztel" (ghee) and "Vendaru" (batter) 
(Ariyapala, 1956). Since ancient times the southern and eastern regions of Sri Lanka had earned a 
name for its 2opular curd. During periods of Sinhalese rulers, there were herds Cpatti) maintained 
exclusively to supply curd to the royal diners. The person in charge of the operation had an 
official position in the palace callsd "Pattividhane Nilame". 

Some fossil evidence suggest that the early inhabitants of this island consumed beef and yet there 
is no ground to assume that cattle or buffaloes were reared for meat. According to t?e gnimal 
bones and other artifacts found in the Anuradhapura "Gedige", the period was datphle to be 
Setween 400' century BC to 2oth century AD (Anon, 1972). However, during the Anr:radh~lpura 
period, when there was a marked increase in Hindu influence on Sinhala culture, beef eating was 
considered unclean by the elite society and even a "taboo" was imposed on eating beef (Siriweera, 
1982). 

Very little svidence exists to suggest that buffaloes were ever used in the transport activities. 
However, cattle have been extensively used in transport of people as well as goods. In the past 
there was a special type of a cattle called "Gal gon" used for this purpose, which are especially 
used to draw carts or "gal". This herd was known as "gal gon panthiya". In add!tion to gal  gon, 
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goods have been transported on the back or alongside of the animals. These were referred lo as 
pack animals or "Thavalama". The animals are referred to as "goni gon" (Siriweera, 1982). 

During the construction of the dams of the ancient lakes, compaction of the soil was needed. Even 
though the evidence is scanty or absent, many believe that cattle and buffaloes were used for this 
purpose and not elephants. Buffaloes were also used to mix and season the mud in pottery and 
brick industry in the Kelaniya region (Ceraniyagala, 1959). This shows the many types and the 
enormous quantity of work that bad been performed by the buffalo since ancient periods. 

Management 

Management is one of the important aspects of bcffalo rearing. As mentioned 'before, owning or 
rearing buffaloes was considered a noble status symbol in the society. During the 5" century AD 
and otber periods, many Buddhist scholars such as "Buddhaghosa" wrote many Pzli texts on cattle 
and buffalo rearing. "Samanthapusidika" is one such text and gives many guidelines under the 
" Vinaya" (discipline) on domestic cattle and buffaIo vanagement. 

According to the text, breaching a dam of a r e s e ~ o i r  is a se r i~us  znd punishable offence. Any 
persor who drives his cattle over a dam or a bund of a reservoir was also considsred an offender 
and if any damage was caused to the dam, the owner had to pay compensatidn. In another Pali 
text "Papunnasudhani" or "Maj~himanikayatthahata", much more guidelines had been detailed. 
According to this text, the system of management is based on the size of the herd. If the herd 'is 
small, the entire labour is borne by the family labour. The large herds are known as "Patti': The 
owrer of apatt i  was called "Gosamika" and the herdsman "Gopalaka". Buffalo and cattle keepers 
also believe in a deity called "Gopalla" who they believe looked after tbe well being of the 
animals by blessing them and protecting them from evil sprits anci ;nfluence,s. To s~t is fy  the deity 
and thank hirr for tke s e r l i ~ e s  rendered, the cattle keepers perform a "Pooja" annually. During the 
pooja they make "Xannalazi" (pray) and "Yadhrka" (offerings). 

According +o the Zapannast'dhani, the herdsman or the gopalaha has certain duties to perform. 
He should be aware of the number of animals ic his herd by colour or by any other body marking. 
i'o identify animals, they will be jranded (moxibustion) or "Hanwadu" with a red hot iron. 
Branding, in addition to its use as an ic'snticication, also indicate the social status of the owner. 
Generally, tridents (tbrishz2kaya) and a ~ o w s  [eetkalaya) were the common signs used in branding. 
Branding was also used as a means of treatment of certain illness (e.g. gout and paralysis). The 
animal sheds should be kept wel; cleaned and fumigated to prevent the breading of pests and 
insects. Many instructions have been detailed on how to clean and dress an infected w o ~ n d .  T'hese 
will be discussed under health. 

The leader of the herd or the stud bull was called "Goparinaika" and the animal should be cared 
for well. According to "Ummagga Jathikaya" (1957), to maintain the body condition and the 
vigour of the Goparinaika, it should be fed with rice porridge and gingelly oil cake. In addition it 
also should be groomed and massaged every day. Grazing in the same Iwstion can affect both the 
forage and the animal. Therefore, the text emphasises that a location shodd not be grazed for 
more than one day and to return to the same location only after 5 -'/ days. This will allow the 
forage to regrow and provide new, lush and quality forage for the animals for bstter nourishment. 
This practice is ; ley appropriate and similar to the present day "rotational grazing system". 
Provision of water to the herd is another important aspect described in the text, Papannasudhani. 
When leading the herd to water sources especially during dry seasons, when water is scares, 
calves, pregnant cows and weak animals were dlowed to lead first followed by the stronger 
animals to prevent any competition. As the text explains, if the stronger animals go first and 
disturb the water, the calves and productive animals will not drink the muddy water and not only 
can this reduce thsir f2ed irtake anci lower the production, it can even make the animal sick. It 
also stipulated the manner in which a cow should be milked in order to maximize the milk yield 
and obtain clean hygienic milk. The authors had not forgotten the nourishment of the calf too. 



Accardirig ta $he text, daring milking one quawr of the udder shoukd be mmpletely leff ta .he 
calf with the residual rn ilk of the red of the quarters. Any p~rso,i violating this rule was suhjmted 
to sever@ punishment, 12th century AD texts 8uek as "I2asmahi~?' atso makm mention of the 
herdsmen or. g~p~Jak4,  

In anather ancient Tam3 text of "r"Fesma1'a~E" (1 70?), clew guidelines wtlera laid down in t b  
farril. s f  rules. and mgulations as procedures to folfow during hiring and lending a-f buffabes for 
land preparation pur~pns-e-s~ These were ta be abided by both the lender and the taker, An "Aade" or 
teasing sy*ltem wes also present dwing the 1 g.Ih aentury AD. Far the first time in history, trading of 
the buffalo fw money was recorded in the Idfh centclry AD duriq the later pact of tho Mace 
Kingdom. During that period the p r i e  of a buffal~ was 8-12 gold I~gots (Wava~t-r = 28Q g&n 
goid coin or the weight in gold of 411 aliprd~ seedsdbers peca~rjecs]. These hismric facts wry 
welt demonstrate how much atfatian was givm to the anoient mmagement system of cattle and 
buffaln in the Sri Lankan swiety, calture and agri~ultture. 

Sri Lankans have n recorded history of traditional fregtment systems and uetexinziry cam. The 
ancimt King h v m a  had his own animal hospital to treat axrimd8, tnrhereas King B&bdosa 
(55-2 - 409 AD,) himself w e d  a n i m l ~ ,  M a q  atbe?i kings had their own treterinwims h look 
after thdr *'Ar&a~tkW, ''Asprzwth&a", "Gmqfkw and eveen *Ku1%Km mad-'' (Xrennels), 
This suggests t%e exishce af a strong veterinary and F;urgq system in E3r.i Lmh Accding to 
S~pm~a$li~&hgnE, the pime duly of the herdsman was to look a&r the g~neral health and hygiene 
of the kerd and the stalls. Any .condition of r"1Z health due to irrespoqsfbk managmerst or 
ignorance was sobjectod to w e r e  punishmen6 as sraeh bekatrjour wwld have de&~ye.d not a d y  
his o m  h e d  but the herds others as well. The text strictly ernphmises that a saga~i~us hedsman 
would trwt any wamd cause$ by thorns or p~la&r"e:, which should be: treated ac~ording to Zku; 
severity of the injuries. At first, all the thorns &at are stuck t~ the skjn sbaufd be: carefully 
remaved. Then the fly egg8 and maggots should be conhplereiy rem~ved, ~te.ad-ed and medbiae 
containing margoga oil applied thrcreahr bandaged with pmcasstd tree barks or "Rgk 
$tfmQt-rluM', m animals with infected wounds will not oniy suffer &em$e1ves, bus also ififeg the. 
0 t h -  mimais in the herd and ather herds as well dwing ap.en g:azing. 

Branding or moxibustiorr is antnother wmmon method of treatment fir many aitrnenfs, When used 
as a Bahnent, many diffemnt and mmplicat~d symbols are used, Su& yn~boJs we c~lfed 
"SU@Q", the branding marks are called NYm&~~3'', the words chmted during branding, we ealEeB 
"M-zsntrasir. The locations for branding aml t$a s)rtnhls d e p d  an tbe type a-f ailmnt, Other 
an~ient and commm treatmint me&od$ incldas "X~rn", "Mwth~*.am", "B&f:J.s ged&a" (rn&~inai 
ball)l "Xaskayd' (decmtbnl ''Bm~a" (inhalers)? " P~~ttu" {pastes), "Cult' ;ulh Mkd [~~usEs] ,  
"Th~fa" (oils] and y~is3rda md Asma" fsyrstps and sprits). These madiein# am mostly herbal 
based and must have b n  &rived from the traditional medicinal systems, Aywvedha or S'idda 
system or  omb bin at ion thereof. Most of them traditional cattle @nd buffdo treatments a ; ~  
gtadualjy d d i s q m h g  with the d m i w  b-f the older geaertgions, Va4uabia aia dmurnmts are 
&vailabl.t: but are tlot made aadiable for pnblkatiort, h w  published  text^ such 8% 'Gm \re& 
p t k a " ,  "GoratRnvN, "C;tr t~asiddisu~~a'~nd few -other ''Pwkek pckM (ala l ~ a f  d~cu.rpzen'ts~ are 
rardy available. 

The a~tthors wish to temdei. their gincare thanks it0 I%. W. I Siriw@ta for his valuabIe advise: and 
sources of inf"omation md to Mr. G.K, Upwansa and Bmus Hevwkart of C0MPA.S- for the 
enaouragmeat and other assistance rendemd. They also thank the ki&q staff of the Fa~ulty of 
Agriculture and Fasalty of Arts (main libray] for va l~b1e  time spent with tbem in the se~rch for 
relevant do~umefits. Finally, their thank go to h e  Olrgaidng CommiMGle of Mae aBBk for $$king 
them the spport;unity ta present these facts to ia 3em@d a~diilsce. 
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Abstract: Water buffalo has been an integral component of crop-based ag:icultural g r o d ~ c t i ~ ~  systems in 
Sri Lanka for centuries. The total buffalo population, which was estimated to be 410,418 in 1946, increased 
to 727,700 in 1999, while the number of smallholdings carrying buffaloes decreased from 99487 in 1946 to 
50,000 in 1995. Along w~th  these changes, the Lraditional role of buffaloes has also changed over the last 5 
decades The traditional role of buffalc nas been its use on paddy land for ploughing, puddling and levelling 
before planting, and threshing after the harvest of paddy. Besides this, they were used for harrowing of dry 
land for cultivation and clay mixing. The extent of the paddy acreage prepared by animal power was 47.6% 
in 1980, but decreased to 20.3% in 1999. In most parts of the country, the buffalo has been replaced by the 
tractor, which was introduced into the country in the 1940s. While the use of the buffalo for draught has 
been 011 the decline, the use of buffaloes for milk has increased gradually specially in the peri-urban areas. 
During the 1960 - 1999 period, buffalo milk production increased from 28.5 million litres per year to 79.85 
rn~lllon l~tres per year During this perlod, the amount of buffalo milk collected by the formal market 
increaszd from 2 million litres to 4 milIion Iltres, while the produc:ion of uairy products from buffalo m ~ l k  
increas~ng by around 40%. This was the result of the introauctlon of improved breeds and cross breeding 
programmes, in order to improve the productivity of the animals. This has resulted in the indigenous biiffalo 
population decreasing to around 70% from 95% and :he improved buffalo population increasing to 30% 
from 5% respectively, since 1960. Although, the buffalo has been used for meat for a long period, a 
government directive in late 1970s imposed a total ban on the slaughter of buffaloes for meat as a rnsasure 
to prevent the decline of the buffalo population. However, unofficial estimates suggest that, the number of 
buffaloes slaughtered illegally has been on the increase These estimates indicate that approximately 113 of 
the beef supplied to the market is derived from buffaloes, despite the existerse of the ban on slzlghter of 
buffaloes. in conclusion, the role of the water buffalo has become more important than before and its 
traditional role as a draught animal has changed to a multipumose role as a source of milk, meat and 
draught. 

Keywords: Population distribution, rearing systems, changing role. 

The Buffalo of Sri Lanka and its Origin 

Though the indigenous buffalo o f  Sri Lanka is classified a s  a swarnp buffalo, it possesses 50 
diploid chromosomes (Bongso et al., 1978) like the river buffaloes. This has given rise t o  the 
view that the indigenous buffaloes o f  Sri Lanka are descendents of the river type buffaloes, 
introduced into the isrand by immigrants from India during the 6th century BC. The fossilised 
remains of buffaloes recovered from the dry zone areas and gem mines in Ratnapura, suggest that 
during the prehistqric era both buffaloes and cattle roamed the island before the first millennium 
BC (Deraniyagala, 1953). The most plausible explanation as to  how the indigenous swamp 
buffalo of Sri Lanka came to possess 50 diploid chromosomes may be that immigrants from India 
during the 6th century BC brought with them the river type o f  buffaloes found in India. These 
animals were crossbred with the domesticated indigenous swamp buffalo, which later became 
wild. The change in the karyotypes of the hybrids had been observed in offspring resulting from 
inter-se mating of F, from swamp buffaloes and river type dairy buffaloes of Indian origin in 
Thailand (Sabine, 1992). 

The Role of the Buffalo in Ancient Sri Lanka 

The Mahawansa states that during the reign of  King Pandukabaya in the 3rd century BC, the 
existence o f  a Gopalu caste (caste to which herdsmen belong) in the Digavapiya area 
(Mahavamsa, 19 12). There is evidence to suggest that buffaloes and cattle had become an integral 
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part of the agricultural economy during the first millennium AD. The Papancasudani dating back 
to the 5Ih century AD, lays down the regulations concerning the management of dairy herds 
(Woods and Kasongi, 1928). There are many historical references in the 9th and 10th Century AD 
stone inscriptions on buffaloes, cattle and dairy farming. Buffaloes and cattle were both used in 
agricultural activities such as ploughing, puddling, threshing, besides being used for the transport 
of goods and people and in the brick making industry (Ellawala, 1962). The hides were used for 
various purposes, horns to make combs and other artefacts and bones and manure were used as 
fertiliser. 

From the second half of the 1 millennium BC to date, rice has continued to be the staple diet of 
the majority of Sri Lankans. The main thrust of the agriculture production system was directed 
towards the cultivation of rice. The buffalo, the main source of draught power in paddy 
cultivation, played an important role in the then Sri Lankan economy. Being a valuable source of 
draught power in the production of food, the ownership of buffaloes and cattle had an important 
status in the pre and post AD eras. As buffaloes and cattle belonged mainly to the rulers and 
temples, only a small number were owned by p5asants. Edicts in stone inscriptions and in 
"Thombus" from the Portuguese era made it mardatory for villagers to supply buffaloes and cattle 
to cultivate the paddy fields owned by the king and temples, as well as for transportof produce, 
and to transpor: men and material for military purposes (Silva, 1995). 

Milk was mainly processed into clarified butter, ghee and curd. These were often offered to 
monks as food, medicine, cooking oil and as fuel for lighting. Both buffaloes and cattle were not 
reared for meat after the advent of Buddhism to Sri Lanka. During the reign of King Bhatiya, 
eating bufhlo and cattle meat was totally prohibited for those of the high castes (Ellawala, 196%). 
The high caste people who consumed beef were demoted to a low caste,. The prohibition of beef 
eating also implied the prohibition of the slaughter of buffaloes and cattle. Though beef eating 
was prohibited, the sonsumption of mzat of wild animals was not banned. 

During the pre-colonial times, butter and ghee were the main commodities that were traded 
exelusively in Sri Lanka. Breeding of buffaloes for milk, butter and ghee was E traditional 
practice in ancient Sri Lanka and it was customary to pay part of the dues to the king in the form 
of butter and ghee, especially in J a f f ~ a  (Silva, 1995). 

With frequent invasions from South India during the 11' century onwards and the consequent 
destruction of the irrigation system, paddy cultivation in the dry zone gradually declined and the 
use of the buffalo as a source of draught also declined, most of the animals becoming wild over 
the years. During the Portuguese  an^ the Dutch era, the importance of the buffalo as a draught 
animal declined further due to the neglect of the paddy cultivation, as the foreign rulers were 
more interested in trade rather than developing indigenous agriculture. It was only during the 
British in the latter half of the 1 9 ' ~  century that a revival of the use of the buffalo as a draught 
animal and revitalisatioq of rice cultivation took place. 

Distribution of the Buffalo Popul&,tion 

Compared to cattle, buffaloes are not widely distributed across the island, but are concentrated in 
certain weas. The total bufialo population has been estimated to be 727,700 heads in 1999. The 
buffalo population density is high in the rice cuitivation areas and in large tracts of jungle and 
scrub land where available (Figure 1). The population distribution of buffaloes shows that the 
highest distribution is in the dry and dry intermediate zones compared to the wet and wet 
intermediate zones. The districts of ICurunegala (19.6%), Anuradhapura (12.0%), Hambantota 
(8.4%), Ampara (6.9%),Polonnaruwa (5.6%), Batticaloa (7.6%) and Moneragala (4.7%) have 
comparatively high buffalo populations (Abeyguanwardena and Abeyguanwardena, 1998a). 

The number of adult buffaloes per hectare of paddy land gives a clear indication of the availability 
of draugl? ?owsr per hectare of paddy land in the different districts. The districts of Colombo, 
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Fikwe 1 Ihshibutlon of the M a l o  population in the different 
chst icts as u percentage of the total population 1999 

Source:Department of Cenms and Statisacs 
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F~gure 2 .Number of buffaloes per hectare paddy land 1999 
Sourre:Deparbnent of Census & Statistics 
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Sampaha, Trincomalee, Kalutara, Hambantota, Moneragala, Kegalle, Kurunegala and 
Anuradhapura have more than 1.2 adult buffaloes per hectare. The districts of Galle, Ma'ara, 
Ampara, Ratnapura, Nuwara El~ya, Polonnaruwa, Vavuniya, Mullativu, Mannar and Kilinochchi 
have a lower buffalo density per hectare of paddy land (Figure 2). 

A comparison of the population distribution of buffaloes in 198 1 with that of 1997, indicates that 
there has been a decrease jn the buffalo population in the wet, wet intermediate and dry 
intermediate agro-ecological zones. The percentage decrease in population is high in the wet 
intermediate zone (-33.2%) followed by the wet zone (-20.4%), the dry intermediate and dry zone 
(-1 5% ). 'he overall decrease in the buffalo population in the whole island was -1 5.4% (Table 1).  
The reason for this is the high demand for land for commercial and residential pur?oses especially 
in the urban areas, which has resulted in the filling of paddy fields for these purposes. Increased 
mechanisation uf paddy cultivation practices has also been a contributory factor. The average herd 
size in different ecologicar Tones varies from 13.2 animals per herd in the wet zone and 34.4 
animals per herd in the dry zone per farm (Table 2). A comparison of the population data of years 
1985 and 1999 shows that the percentage of improved breeds has increased in all agro-climatic 
zones except in the wet zone, where the percentage of improved breeds has decreased 5y 5% 
(Table 3). 

Buffalo Rearing Systems 

The majority of the farmers in the Matara and Hambanthota districts keep buffaloes with the main 
objective of milk production, whereas the buffalo farmers in Ampara and Batticaloa keeps 
buffaloes with the dual objective of milk and draft power, In milking herds buffalo cows are 
milked only once daily and the milking is done in the morning, before the animals are sent out for 
grazing. 

The different buffalo management systems have been influenced by differences in climate, 
cropping patterns, t j3e of crops and the genetic composition of the animals maintained in 
different areas (Abeyguanwardena and Abeyguanwardena, 1998b). In the dry zone, buffaloes and 
cattle rearing under the extensive system has been a traditional practice. Buffaloes and cattle are 
grazed together in scrublands, tank bunds and fallow paddy fields and are usually paddocked at 
night. The farmers use the buffalo as a source of draught power, to complement their income from 
paddy cultivation, while some are milked the milk sold as fresh liquid milk or as curd. in this 
system the inputs are marginal, the main component being the family labour. 

In the wet ancl -vet intermediate zones, buffaloes are reared under the semi-1.1tensive system as 
most of the land in these areas is used for intensive crop cultivation, restricting the availability of 
land for grazing. The animals are either tethered under plantation crops or allowed to graze on 
fallow paddy fields and on roadsides. The inputs needed are moderate and as in the extensive 
system, the income complements the farmer's income from cash crops. 

The intensive system is practiced in the urban and peri-urban areas where there is a ready market 
for milk and milk products. Animals are t e ~ :  in sheds and fed on cut fodder and agro-industrial 
by products or concentrates. Tbough the cost of inputs is high, the resulting additional income 
justifies the inputs. Most of ths urban and peri-vrban buffalo farmers who rear their animals under 
the intensive system, depenl on dairying as their main income source. 

Changing Role of the Water Buffalo 

Tradit~onally. the buffalo has been known to be a more rugged animal than cattle. Compared to 
cattle, buffaloes have the ability to graze in wet and marginal land, as the relatively large rumen 
capacity and the presence of the rumen microflora enable them to digest low quality roughage. 
The apparent fibre digestibility coefficient is 5-8% higher than that in cattle and the buffalo 
consumes less dry matterlkg live weight than cattle (Tulloh, et al., 1992). The stamina and the 
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ability to pull heavy loads under different soil conditions when compared to cattle makes the 
buffalo much more suitable than cattle for ploughing and puddling of rice fieids specially under 
wetter conditions. The relatively large under surface of the hoofs when compared to cattle is an 
advantage when working in the clay soil. Another advantage is that there is no difference in the 
draught output between males, milking females and non-milking females. One buffalo can 
provide the draught power requirement to cultivate around 3 ha per season. One buffalo can 
plough 0.25 hd8  hour working day when compared to cattle, where a bullock can plough only 0.2 
h d 8  hour shift (Ryan, et al., 198 1 ). 

Table I .  Trends in buffalo population in different agro- ecological zones 

Number of animals 
Zone 
Wet-zone 

1997 % Change 
123900 -20.42 

Wet-intermediate 98600 65800 -33.26 
Dry-intermediate 289300 268600 -15.08 
Dry zone 354700 301206 -15.08 

Total 898300 759506 -15.45 
Sourcz: Department of Census & Statistics 

Tabie 2. Average herd size and range in different agro-ecological zones 

Av. Herd size (No. of animalslimerd) 
Zone Average Maximum Minimum 

Wet-zone 13.25 69 1 
Wet-intermediate 25.025 
Dry- intermediate 31.0 
Dry zone 34.4 

0vel.all 26.2 242 1 
Source: de Silva et al, (1985) 

Table 3. Percentage of herds carrying improved breeds in the differentagro-ecological zones 

Zone 
Percentage of buffalo holdings 

1985' 1 9 9 9 ~  %Change 

Wet-zone 26.5 24.2 -9 
Wet-intermediate 16.8 26.0 +54 
Dj-intermediate 31.8 38.0 +22 
Dry zone 30.25 33.7 +I I 

Ovel-all 26.3 30.4 +I3 
1 .  de Silva, et a1..(1985) 
2. Ibrahim, e ta / . ,  (1999) 

However, over the last few decades the role of the buffalo in Sri Lankan agrarian society has 
changed due to many reasons. The growth in the land ownership and the subsequent parcelling of 
existing paddy land due to the population growth and pressure on the limited available land are 
the causes of the continuous decline in the available land area per person for cultivation. In 
addition, in the context of the increasing diversion of land resources for non-agricultural uses, the 
only way to maintain farm incomes and maximise the utilization of available family labour and 
other resources is to intensifL crop livestock integration, with maximum usage of the available 
biomass for the production of food. 

In such a scenario, the buffalo plays a significant role in the sustainable crop-livestock integrated 
system, not only by providing draft power, but also at the same time in converting fibrous plant 
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material that have no other productive uses, to animal products which is convertible to casb 

Draught 

The distribution of resources, mainly of Isbour, the availab~lity of animals and tractors determine 
the relative i~nportance of animal power. 'he majority of the farmers utilise mature buffaloes oT 
either sex, except lactating cows and those in late pregnancy in cultibation work. A small 
percentage of farmers use o ~ l y  male animals for cultivation. The average age of the buffalo when 
they are first used for ploughing and levelling is 3.1 years. The animals to be used ibr draught are 
first wed for puddling and threshing and later they are trained for nloughing. The approximate 
number of hours worked per animal rn a day is 6 to 8 hours and the approximate number of days 
worked In a year is 35 to 52 days. The working lire span of a buffalo is around 15 to 16 years. The 
calculations based on such data indicate that the total number of days worked during its working 
life spm of a buffalo to be around 36C to 628 days (de Silva etul., 1985). 

1 ractor (Mdhd)  BTrdctor (Yala) t3uftalo (Maha) mF3ulfalo (Yala i  

Figure 3. Trends in the use of mechanical and an~mal farm power in paddy cultivatron during the 
Maha and Yala seasons from 1980 to 1999. (Source. Department of Census and Stat~stics) 

Tbe extent of the paddy acreage has been increasing during the last five decades from around 
390,133 hectares in 1952 to 892,053 hectares in 1999, due to the rehabilitation and reconstruction 
of large and minor scale irrigation projects under the government's drive for self sufficiency in 
rice production. The dry zone accounted for 55.8% of the total 'aswedumized' acreage of paddy 
in the 199811 999 Maha season, and carries 54% of the national herd. However, a large proportion 
of the animal power remains underutilised due to several ryasons. The smaller land holdings and 
higher buffalo and labour densities per unit of paddy land in the wet zone accounts for the low use 
of tractors for ploughing and puddling in preference to animal power and labour. There was a 
5rinf revival in the use of the buffalo i7 paddy cultivation tbat occurred in early 1970s, due to the 
import res;rictions on farm machinery (for paddy cultivation). 'r spite of the continuing increase 
in fuel prices a ~ d  the consequent increase of the cost of plough'ng, puddli~g and threshing of 
paddy by four wheel and two wheel tractors, within the last 20 years the extent of paddy land 
cultivated using mechanical draught power has continually increased and the use of buffalo in 
paddy cultivation has been on the decline. The extent of the paddy acreage prepared using animal 
power was 47.56% in 1980 but decreased to 20.3% in 1999. During the same period the acreage 
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of paddy land prepared using mechan~cal power has increased to 80% in the 1999 Maha season 
and to 72 O'O in the 1999 Yala season, respectively from 50% and 30% in 1980 (Figure 3). 

Another factor for the declining use of animals for paddy cultivation has been the introduction of 
new varieties of rice which need a shorter time to ripen compared to the older varieties and the 
introducticm of new cultivation and management techniques, which necessitate simultaneous 
cultivation of all land in a given area. The other factor is that compared to rain fed paddy 
cultivation, in irrigated paddy cultivation (both under major and minor irrigation systems), the 
water availability for cultivation is limited and is made available only in limited quantities and 
during a limited period. Under such a water distribution scheme, only 3.64 acre feet of water is 
released for paddy c~~ltivation during the Maha season within a period of 4-4.5 months. In Yala, 
5.39 acre feet of water is released within a period of 3-3.5 months. This compels the farmer to 
complete ihe task of land preparation during a very short period of time and in such a system 
animal power does not provide the required speed compared to mechanical power. 

Milk 

The relative importance of milk and curd production differs from district to district, with curd 
production dominating in Hambantota, Galle, Kalutara, Polonnaruwa, Batticaloa, and 
Anuradhapura districts, while the sale of liquid milk dorninates in other districts (Horadagoda, 
1998). 

1980 1983 1986 1989 1992 1996 1999 

Year 

Figure 4. Trends in production and market price of buffalo milk 1980-1999 
Source: Department of Census & Statistics 

Buffalo mllk is rich in energy and fat when compared to that of cow milk (buffalo 7.45% fat and 
100 calories/g; cow milk 3.5% fat and 70 calories/g) and this offers several advantages over cows 
milk (Kon, 1972). Only a small number of farmers milk their buffalo cows through out the year, 
while the majority of the farmers milk their cows only during limited periods of 2 to 3 months 
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after calving, This is due to the fact that (1) there is a need to use the animal for draught, (2) the 
limited availability of fodder for grazing and (3) the inadequacy of milk for the calf. The yield per 
animaE is 1.1 to 1.9 litres per day. The lactation length is 8 to 9 months in buffaloes used mainly 
for milking and around 2 to 3 months in buffaloes which are not used for milking. The proportion 
of herds that are milked is high in Trincomatee, Batticaloa, Polonnaruwa, Anuradhapura, 
Hambiintota, Ampara, Ratnapura, Matara and Kalutara Districts. 
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Figure 5. Trends in the availability, consumption and market prices of value added product, curd 
Source Statistical P,bstracts (19991, Department of Census & Statistics,. Central Bank (1999). 

Most oF^,i?e buffalo farmers who milk their animals do not sell the milk as fresh milk but process 
it into curd to obtain a higher price. The curd inadstry has existed as a traditional activity in the 
dry and dry intermediate zones to sut~ply the urban areas with curd. However, during the recent 
past, the curd and yoghurt industry has develsped in the peri-urban areas to cater to the 
developing market created by increasing urbanization and high income levels. The peri-urban 
buffalo farmers rear crossbred buffaloes of the Murrah and Nili Ravi types, and the animals are 
stall fed with concentrates in some instances. Such animals give a daily yield of between 4-5 litres 
per day reaching around 7 litres at peak lactation, with a lactation length of 8-9 months, when 
compared to the low yield (1-2 I/day) and the short lactation (6-7 months) of the indigenous 
buffalo. As shown in Figure 4, during the period 1960 - 1999, buffalo milk production increased 
from 28.5 million litres to 79.85 million litres per year (Department of Census and Statistics, 
1999). During this period of nearly forty years, the amount of buffalo milk collected by the formal 
market increased from 2 milIion litres to 4 million litres, with the production of dairy products 
from buffalo milk increasing by arocnd 40%. This was due to  two faetors, namely genetic 
improvement of the productivity of animals avd high market price for the produce ( F i e =  4). The 
daily per capita availability of buffafo miik increased from 2.8 litres per day to 4.44 litres per day 
during the past 20 years (1 982 to 1999). During the same period the per capita consumption of 
(Central Bank, 1999) curd per month ificreased from 17 to 21 ml, the price of a litre of curd 
increasing from Rs.8.00 per litre to Rs.50.00 per litre (Figure 5). 

Meat 

Buffalo meat is high in quality compared to beef from cattle as it contains 41% less cholesterol 
and less calories (Ranjhan, 1995). The carcass fat content is reported to be much lower in the 
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buffalo, ~ h i c h  is around 12 9% compared to an average of 32% in Europeal? fattened cattle, 
Further, meat from buffalo has more protein and significantly a higher meat to bone ratio, 
younger aliirnals having less fat than the older ai7irnaIs and also the texture is better in younger 
animals (Tilakaratne, 1980; I-li 1 1 ,  T988). Buffaloes could achieve a higher growth rate from 7 to 26 
month atid their feed co11versiol-t rates to ineat is reported to be comparatively Iligl~ (Tilakaratne, 
1980). Cotnparative studies on weigbL gains have shown that the daily weight gains were 0.5 1 kg, 
0.38 kg and 0.24 kg fbr improbed buffalo, Sindhi and Friesian, respectively. The breeding and 
l.iusbandry practices adopted by most of the paddy farmers rearing buffaloes in Sri Lanka except 
for the herds which are kept: primarily for milking has ied to inbreeding. The majority of the herds 
are closed herds and there is 110 stfparatio~~ of the male animals resulting in uncontrolled matings. 
This has Ivd to inbreeding over the years and it is possible that the deficiencies in prod~~ction and 
repraduction are partly due to this Another factor is the negative selection of bulls, because bulls 
sliowing rapid growtli were castrated early at the onset of sexual maturity to make them easier to 
handle as draught animals, thus resulting in the retention of only the small framed or stow 
growing b ~ ~ l l s  i n  tlie herds. 

The average tr~rmber of cattle slaughtered and the amount of beef produced during the period 
1993 to 1998 was 187,229 per year and 20,594 MT per year, respectively, As shown in Figure 6, 
the availability of beef in  1998 was 20,168 M'T from local sources and 198 MI' from imports, 
whicli gives a per captta availability of 1.08 kg per year compared to 1.40 kg per year in 1992. 
l'he reasoir for this decline has been due to tlie lack of growth i ~ r  the beef sector cornpafed to the 
growth in the human population. Consumption of beef however declined from 1.19 kg per 
caputlyear in 1986187 to 1.02 kg per capritlyear irl 1996197 (Centrat Bank of Sri Laiika, 
199611997), a declrne of  -13% primarily due to tlie decline in the consumption of beef in the 
urban sectar, while the rural and estate sectors showed a marginal increase of 0.03 kg and 0.06 
kg/caput/year, respectively. "She main reason for this may be the substitutiort by poultry meat, the 

Year 

U Na cattle slaughtered 
sl Nu btrffzlo i l  legaly slaughtered 
F"'""."r No of buffaloes officially slaughtered 
-+- Avallabili+iy/caput kg/Y 

Figure 6. l'rends in cattle & buffalo slaughter and per eapira availabiliry of beef 
Source: Department oSCcflsus & Statist~cs, Central Bank of Sn 1,anka ( I  99611997) 
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consurnption of which has increased three-fold during the same period. Even though by law the 
slaughter of buffaloes is banned, around 30% to 40% (Figure 6.) of the beef consumed is reported 
to be from the buffalo (Abeygunewardena, and Abeygunawardena, 1998b). 

The projection of the human population in the country for the year 2005 is expected to be 20 
million persons and by 2325 it is expected to reach be 23.5 million. If the beef production of the 
country remains at the oresent level of production, then by the year 2005 the country may have to 
depend increasingly 02.1 beef imgo.-ts, unless the consumption pattern for beef takes a considerable 
negative trsnd. 

potent fa^ and 302a of W&D Efforts in Harnessing the Resources and Needs 

There is no doubt that agriculture will continue to remain as the livelihood of Sri Lankan agi-arian 
commur7ities for many more decadss to come. At present, in the e s t i ~ a t e d  1 .E million smallholder 
households, agriculture forms the primary source of income and of these for nearly a third of the 
smallholdings, agriculture is a mixsd farm'ng mterprise with crc?s and livestock playing 
complementary roles. However, the ~haracter of smz.llholder agricultur? is continually changing 
as it is severely constrained by several factors. The farm land is being fragmented and the 
pressure on marginal lands which hitherto provided the feed resources and space for traditional 
agricultural operations, particularly for rear;ng of cz+tle and buffaloes have dwindled. Hence 
greater crop-livestock integration with more intensification of cattle and buffalo farming in these 
changing farming systems is a compulsion and buffalo being a multipurpose animal offers high 
potential, provided concerted efforts in research and development coupled with legislative 
changes conducive for the industry are in place. 

The role of the water buffalo in rural households as a source of regular income, nutrition, draught 
Tower, orgcnic manure, a method of cushioning the risk of crop failures and a way of formitig 
capital have been highlighted in previous reports (Ryan et al., 1980; de Silva et aE., 1985; 
A beygunawardena and Abeygunawardena 1998a and b). In smallholder farming enterprises in 
west Earmi~g areas, except in the mid and hill-country wet zone regions, the buffalo has shown to 
offer several advantages over cattle. Buffalo milk with high fat and solid-not-fat contents fetch a 
higher price at the farm gate and offers the advantage of converting into a value added products, 
which helps to increase the profit margin several folds (Horadagoda 1998). The buffalo has been 
reported to be a ruminant with a higher potential to utilise marginal feed resources, a more rugged 
animal than its counterpart as it possesses the capability to perform well in marginal lands and 
withstand harsh environmental conditions. In the paddy field, the buffalo offers a definite 
advantage as it possesses more stamina and broader hooves. Lastly, data is emerging here as well 
as abroad favouring the buffalo as a better meat animal than cattle. Work done in Sri Lanka has 
shown that under same management conditions, indigenous buffa1oes.were superior to Sindni and 
Friesian steers in terms of daily weight gain and meat to bone iatio (Matsukawa et a l ,  i976), a 
higher nutritive value in meat because of its higher protein content with comparable levels of 
minerals and vitamins, and tenderness and palatability to those of cattle meat (Cyril 2nd 
Siriwardene 1998). 

The above mentbned advantages certainly offer great opportunities to harness the potential of 
water buffalo to r e e t  the national needs. The demand for milk and milk products and meat and 
meat products $as shown a steady increase because of the increase in population and increasing 
per capita inco,nes. Unfortunately, the growth of the livestock sector has not matched the growth 
in demand, except in the poultry sector and hence the country meets this deficit through imports at 
escalating costs. With the ultimate implementation of the international and regional trade 
agreements, the grant of subsidies and incentives to producers in rrajor livestock product 
producing countries will cease. This will result in a significant reduction of the quantum of 
livestock products that will zome to the world market as surpluses. The limiting supplies 
undoubtedly will tend to increase prices and with the deteriorating terms of trade that Sri Lanka is 
experiencing, it will be imperative for the country to increase the expenditure on the import of 
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essential animal products to satisfy the consumer demands. This will however be at the expense of  
other imports required for the country's quest for faster economic development. Further, both in 
terms of food security and self-sufficiency, there will be compulsion on the Sri Lankan agrarian 
sector to quic!rly respond to meet the national needs of its food requirements. In this context, the 
buffalo with its superior ability to perform under limiting conditions appear to offer a unique 
opportunity. However, the constraints imposed on the buffalo sector will need to be eased by 
continued and determined resgarch and development efforts, backed by the state through the 
concomitant removal of legislative barriers which now prohibit the transport and slaughter of 
buffaloes. 

While buffaloes are increasingly utilised for milk and meat production, their role as a provider of 
farm power will continue to remain as important as  before. Though there has been a decline in the 
use of animal power in land preparation, human labour and animal power still accounts for nearly 
40% of the total farm power requirement of the agrarian society (Hulangamuwa 1998). The 
increased fragmentation of naddy lands and the escalating cost of machinery, fuel and spare parts 
will undoubtedlj compel the smallholder farwer to place heavy reliance on animal power. 
However, the conventional harnessing system and implements needs to  be replaced by more 
modern and efficient systems in order to fully exploit the potential of the buffalo as a draught 
animal for use in peasant-based agriculture in Sri Lanka (Hulangarruwa, 1998). 
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SYMPOSIUM - VI 

Production Systems 

Q. 13.R.K. Perera - Did you do a preliminary survey before you interviewed the people? 

A. K.K. Pathirana - No. I agree that we should have done a preliminary survey. 

Q. N.V. Thu - You said that there are problems of the availability of feed resources, In your 
conclusions you said that the population of buffaloes in the area should be incr~ased. Will this not 
bring about malnutrition? How will the fzmers respond to this? 

A .  R.M.A. Oswin Perera - One of the important things that were mentioned was that in that 
':ind of terrain farmers cannot use even a hand rractor to plough. In such a situation farmers have 
to use human labour or animals power. There is quite a lot of tree fodder which is a potential feed 
resource that the farmers can use. 

Comment: V.K. Gunawardena - It will be interesting to find out whether the population of 
buffaloes is sufficient to meet the draught power needs. 

. .layanthi Amunugama - 1 have been working in that area for a few years. My observation 
is that fdrmers who have cattle are landless farmers. This is an intense crop cultivation area. 
Therefore I agree with Dr. Thu that we should reduce the population or in the alternative change 
the management system from the extensive to a more intensive system. 

A. 'T.S.P. Jayaweera - I agree that it is difficult to increase the population under the present 
management system, The biggest problem that farmers face is from stray buffaloes. 

Q. B.M.A. Oswin Perera - When you say that a decision has been taken to remove the 
buffaloes from the National Park, are you referring to both the feral and the domestic buffalo. 

A. 1'4. Atapazu - Yes, first the domestic buffalo will be removed and later the feral buffalo. 
The wild buffalo is not a problem to us because the population is only about 1500 in these four 
Parks. They are part of the ecosystem and so they are not considered as intruders. The domestic 
buffalo IS  an intrader, because they destroy the grasslands and water holes and as a result the 
elephants move out of the parks in search of water and food. This has lead to the elephant-human 
conflict, resulting in the killing of both humans and elephants. 

Q. O.P. Dhanda - We also have to confront these problems in India. I think they are brought 
about by broad economic pressures. What is happening is that farmers quietly lead their animals 
into areas around the National Parks, which are considered no man's, land, and when the 
opportunity arises they enter the Parks to feed their animals. My experience in Gujerat is that 
when we identified good animals for purchase, the local people would tell us that the best animals 
werE in the Gir lion sanctuary. But we were afraid to enter because of the fear of the lions. But 
when we went in with the help of the villagers, we were astonished to find the best animals right 
there in the centre of the sanctuary. Because of the effect of their presence on the lions, the 
Governn~ent of India is thinking of moving the :ions into another location. The reason being that 
they do not want to creatc a conflict with the farmers. 



Symposium V l  

Q. M.R. Jainudeen - About 30 years ago, a German team wanted to investigate the 
chromosome number of .the wild buffalo. We saw the feral buffaloes near a water hole and 
brought down an animals with a tranquilizer gun. Unfortunately, it fell into the water hole and 
died. We collected blood but it was too contaminated. Have you done any tranquilizing of 
buffaloes and collected blood samples. 

A. N. Atapattu - We have tranquilized buffaloes but not taken blood samples. 

Q. M.R. Jainudeen - Have you initiated any discussions with the Department of Animal 
Production and Health regarding this problem? 

A N. Atapattu - No. I think this is the best forum to discuss this matter. I had a discussion 
with the Director General but he was not happy about removing the buffalo from the parks. 

Q. K.K. Pathirana - 1 find the development of the peri-urban dairy industry very interesting. 
Can you elaborate on this? 

A. ,A. Premasundera - One of the reasons why this has developed is because the market is 
very close and the demand for curd and yogurt is increasing. This industry has developed to cater 
to this market. Moreover, the price that the farmers gets for cow milk is much less than the price 
he could get for buffalo milk. If the milk is processed to curd, a farmer can earn around Rs 350 a 
day by keeping two buffalo cows. Whereas, he would have to keep 5 to 6 animals to get the same 
income. Farmers who keep cattle are gradually changing over to buffalo rearing. 

Q. 1C.K. Pathirana - Would,you say that the management system practised is a semi- 
intensive system? 

A. A. Premasundera - Yes. It is something like a semi-intensive system. 
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Abstract: The need to increase food production has directed food policy research towards the study of the 
causes and impact of Govement food policies on food production. The consumption expenditure of 
households and income are very important indicators of economic well being. Income measures the level of 
resources and expenditure measures the standard of living of the households. Since consumption patterns 
vary with time, periodic revision of consumption studies are required in the countj, for review of the food 
as well as nutritional policies of the country. In Sri Lanka there has been very few studies on household 
consumption behaviour particularly of livestock products such as milk and meat products. The absence of 
micro level data in the previous studies in SE Asia, has caused scientists to concentrate on aggregate 
household consumption behavior using the Linear Approximate Almost ldeal Demand System (LAIAIDS) 
without demographic data (Ray, 1980; Coondoo and Mujumder, 1987, Molina, 1994; Donatos, 1989; Hayes 
et c!. 1990). The main objective of this study was to estimate the household own price, cross price and 
expenditure elasticities of milklmilk products and meatlmeat products in the Coconut Triangle in Sri Lanka. 
The study has also considered the affects of other food groups such as rice and wheat flow, pulses, fishlfish 
products and edible oils. 
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Introduction 

Consumption expenditure and income are two important indicators of economic well belng of a 
household. Income measures the level of resources and expenditure measures the standard of 
living of the household. 1n Sri Lanka, the consumption expenditure per capita in real terms 
increased at an annual rate of 1.7% over the period 1986-97. The expenditure on consumer 
durable goods increased by an annual rate of 4.2% while those of non-foods and services 
increased by 2.7%. The increase in the food expenditure was at a much lower rate of 0.2% per 
annum. The rate of increase of expenditure was higher in the rural sector (2.3%) as compared to 
urban sector (1 .I%). The expenditure in the estate sector remained unchanged. In 1986, the 
average monthly expenditure on cow milk was Rs. 10.50 per capita or 20.2% of expenditure on 
all milk and milk foods. The per capita availability of cow milk in 1988 was 6.85 litres as 
compared to 2.91 litres of buffalo milk. Cow milk contributed to 12.85 calories, 0.60 grams of 
proteins and 0.08 grams of fat daily per capita food intake. Comparatively buffalo milk 
contributed to 9.32 calories; 0.34 proteins and 0.07 grams of fat daily per capita intake (Livestock 
Statistics, 1992). Among the main food items, the monthly per capita consumption of rice 
increased from 8638 to 8845 grams between 1986 to 1997. The consumption of wheat flour and 
bread increased from 1877 to 2661 grams and 734 to 837 grams, respectively over the same 
period. The average calorie consumption increased from 2204 calories per capita in 1987 to 2337 
calories in 1997. The calorie gain was comparatively higher for the lower 40 percent of the 
spending unit when compared to the rest. Overall, rice was the dominant source of energy intake 
accounting for 44% of the total calorie intake followed by coconuts (12%) and bread (10%) 
(Central Bank of Sri Lanka, 1997). 

It is evident that developing countries such as Sri Lanka, require government policies to overcome 
malnutrition. The need to increase food production has directed food policy research towards 
studying the causes and impact of government policies on production and productivity. However, 
there have been very few studies on household consumption behaviour, which would provide 
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information to formulate guidelines for framing malnutrition policies in the country. The absence 
of micro-level household consumption data in the previous studies in SE Asian countries, has 
caused scientists to concentrate on aggregate household consumption behaviour, using different 
econo~nic modeling, such a s  Linear Approximate Almost Ideal Demand System (LAIAIDS) 
without demographic data that may contribute greatly to household food expenditure patterns 
(Ray 1980; Murti, 1985; Condoo and Mujumder, 1987; Mergos and Donatos, 1989; Hayes et al., 
1990; Molina, 1994). 

The main objective of this study is to determine the major socio-economic factors that influence 
household consumption expenditure on milk and milk products (cow and buffalo) in the 
Kurunegala District of the coconut triangle of Sri Lanka. In order to analyze this component of the 
expenditure, a share model consisting of other food commodities in the household food balance 
sheets. such as rice and wheat flour, meat and meat products, fish and fish products, edible oils, 
horticultural products, such as fruits and vegetables and all the other food items were included. 
This analysis provided estimates of own price expenditure elasticities of milk and milk products 
(COW ilnd buffalo) and cross expenditure elasticities of milk and milk products with other major 
food commodities included in the household food balance sheets. 

Data Collection 

Kurunegala and Polgahawela Divisional Secretariat divisions were selected purposively from the 
Kurunegala district in the coconut triangle. The selection was done on the relatively high 
percentage distribution of buffalo (6.9%) and cattle population (13.8%) of the total population in 
this district. From each division 60 consumer households were selected randomly making a total 
df 120 representing the district. A field survey questionnaire was used to collect data on 
household demographic characteristics, employment patterns, farm and non-farm incomes, 
expenditure on monthly consumption patterns of foods and non-foods and sources of purchases, 
prices of consumer goods from the selected households. 

Analytical Methodology 

The analytical method is based on the Almost Ideal Demand System (AIDS) model developed by 
Deato~l and Muellbauer (1980). This is a popular method for estimating the price and income 
elasticities when expenditure or budget data are available. The expenditure share equations of the 
AIDS model .for each commodity or commodity group are derived by differentiating an 
expenditure function of the form, 

where e(u,p) is the expenditure share function for utility u , and price vector p. Applying 
Shepherds lemma to the expenditure function yields a demand system in terms of utility and 
prices. As the utility is not observed, the resulting demand system cannot be estimated. Using the 
inverse of the expenditure function.to express the utility in terms of incomes and prices (indirect 
utility function) results in the budget share equation of the form, 

where wi is budget share of food i; pj price of food j ,x is the total expenditure; P is price index 
defined by, 
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The theoretical properties of summation, homogenity in prices and income, and symmetry of the 
cross effects imply the following restrictions on the demand function (2), 

n n n 
summation C ai = 1 ; C yij=O; C Pi=O (4.1) 

i= 1 I 1 

homogenity C yij = 0 (4.2) 
j 

symmetry yij = yji (4.3) 

The other restriction related to concavity of the expenditure function has no parametric 
representation. The demographic effects are incorporated into the model by allowing the intercept 
in (2),to be a function of the demographic variables (Heien and Pompelli, 1988), 

S 

ai = pio + C pij dj (5) 
j=1 

where, dj is the jth demographic variable. Incorporating (5) into (3) with error term vi , 
S 

wi= pio + C pij dj + C yij Pj + Bi In(x/P) + vi (6) 
j= 1 j 

With the summation requirement under the specification of demographic variables requires, 
n n 

C pio=l and Cpij =O (j= 1,2 ..... s) ( 7 )  
I 1 

Due to the price index in equation (3), the system of equations becomes non-linear and requires 
estimation of a large number of parameters. Hence the overall price index in this study is 
approximated by Stone price index, In P= C wi In pi. The AIDS model using Stones index is 
termed Linear Approximate Almost Ideal Demand System (LAIAIDS). The consumer 
expenditure allocatior could be presented in two stages. In the first stage, the consumer 
determines the allocation of his total expenditure between several commodity groups such as 
food, housing, transport, recreation, education, health etc. It is assumed that these food groups 
used in the study are weakly separable from all the other commodity groups used by the 
consumer. In the second stage, the expenditure is allocated among the different food groups. The 
first stage of the food expenditure is a function of food prices, non-food prices and household 
income (Beiri and de Janvry, 1972). This study is concentrated in the second stage of the 
budgeting process, i.e. to estimate a separable demand system for food. This specification 
assumes that the marginal rate of substitution between food groups such as milk /milk products, 
cereals, edible oils is independent of the non-food commodities such as education and housing. 

The Marshellian price elasticity (uncompensated) of commodity i with respect to commodity j th 
price in AlDS expenditure model is given by, 

Eii(m) = yij - Oi wi - 6ij (8) 
w i wi 

where 6ij= 1 when i=j .,otherwise 6ij=0. 
The expenditure elasticity ei= 1 + (9) 

w i 

Using the Slutsky equation, the compensated or Hicksian price elasticity 

Eij (h) = Eij (m) + wjei (10) 

3 85 
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The demographic variables on the budget share (wi) will affect the magnitude but not the signs of 
the elasticity coefficients. The classification of goods as to luxuries or necessities is not affected 
by the presence of demographic variables (Heien and Pompeli, 1988). 

Results and Discussion 

The monthly expenditure of different food commodities are shown in Table 1. Rice and wheat 
flour contributed to nearly 16 % of the monthly expenditure among the households. The 
expenditure on fish and fish products was as close to the basic staples (15.2%) due to its higher 
prices and its better availability due to proximity to the coastal areas such as Chilaw and 
Negonibo. Vegetables and fruits costs 14% of the total monthly household expenditure. Milk and 
milk products (both cow and buffalo) amounted to nearly 13% of the total expenditure. The other 
food groups including sugar, beverages, potato, eggs and condiments cost 23% of the total food 
expenditure. The expenditure on meat (mainly beef and chicken) was 8% mainly due to the high 
prices of these commodities. The expenditure on pulses was the least due to their low prices. 
Coconut and coconut oil were important among the edible oils which accounted for 6.6% of the 
total expenditure. The average expenditure on all foods was around Rs. 7250lmonth. 

All the households reported that they consume powdered milk and 12.5 % condensed milk. Cow 
milk was consumed by only 5 % of households due to their low availability, butter (Margarine) by 
8.3 % and cheese by 2.5% of the total households. Buffalo curd (or yoghurt) was commonly 
consumed by 55% of the households. Among meats nearly 7% of the households consumed beef 
and 76% chicketi and the balance for meat products (Figure 1). Nearly 4% also consumed 
beeflchicken- processed products such as sausages and meat balls. The monthly household 
expenditure of powdered milk was Rs 694 followed by Rs 90 for buffalo curd, Rs 27 for cheese 
and Rs 25 for condensed milk. The household expenditure of cow milk was nearly Rs 1 llmonth 
(Figure 2). The household monthly expenditure on beef /chicken meats and meat products 
amounted to Rs 579 of which monthly beef consumption expenditure amounted to Rs 39, chicken 
Rs 442 and others Rs 97 (Figure 3 and 4). Majority of the food products including milWmilk 
products (other than liquid milk) meat and meat products were purchased from private traders 
(95%) and cooperatives. The average distances traveled amounted to nearly 0.8 km to purchase 
these commodities. The frequency of monthly purchases was around 11 times to the closest 
markets. 

Table I. Monthly household food expenditure 

Food Group Expenditure Expenditure 
(Rstmonth) Share (%) 

Rice and Wheat flour 1 175.96 16.2 
Pulses 325.81 4.5 
Milk and milk products 929.51 12.9 
Meat and meat 518.60 8.0 
products 
Fish and fish products 1109.60 15.2 
Edible oils 475.26 6.6 
Horticultural products 10 10.20 14.0 
Others 1633.40 22.6 
Total 7238.49 100.00 

Regression results 

The LAIAIDS model was estimated by the non-linear seemingly unrelated regression method 
with homogeneity and symmetry conditions imposed. Since the data employed was in the form of 
panel data, a fixed hffects estimator was employed to control for potential correlation between 
omitted variables and the regressors. The restrictions imposed were tested by the log-likelihood 
ratio test. The results indicated that with the demographic variables included in the model both 
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Figure 1. Expenditure on milk products (Percentage reporting) 
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Figure 2. Expenditure on milk products (Rs. per household) 

homogeneity and symmetry restrictions could not be rejected at 5% significance level. Hence the 
model was estimated with demographic variables with the inclusion of both restrictions (Table 2). 

Table 3 and 4 shows the results of the expenditure share equations of rice and wheat flour, pulses, 
milklmilk products, meatlmeat products, fishlfish products, edible oils, horticultural products 
(fruits anci vegetables) and other food group estimated by non linear seemingly unrelated 
regression procedure. 

Table 2. Log - likelihood test for homogeneity and symmetry 

Without demographic With demographic 
variables variables 

Homogeneity 5 d.f 21.43* 6.59 
Homogeneity and 39. lo* 2 1.44 
symmetry 25 d.f 

*Rejected theoretical hypothesis at 5% level of significance 



Table 3. Estimated coeff~cients for the LAIAIDS model for different food commodities 

Items Mean Constant Rice and Pulses Milklmilk Meatlmeat ~ i s h l f i s h  
budget wheat products products products 
share flour 

-- 
Rice and 0.162 0.51 12 0.0229* -0.0023* -0.001 8 -0.0026 -0.0009* 
wheat flour 
Pulses 0.045 0.4 133 -0.0 1 12* 0.0524** -0.001 3 -0.0007* -0.0013 
Milklmilk 0.129 -0.2008 -0.01 27* -0.0876 0.0239** -0.0138 -0.0033 
products 
Meatlmeat 0.080 0.0679 -0.0003* -0.0 133 -0.0029 0.0576** -0.0019 
products 
Fish/fish 0.152 0.1654 -0.0339 -0.007 1 * -0.0 122* -0.0003 0.0248** 
products 
Edible oils 0.066 0.1 139 0.0122* 0.00 1 8 -0.0 152 -0.00 12 -0.0002* 
Horticultural 0.140 0.456 1 -0.0034 -0.0 172 -0.0 loo* -0.0032 -0.0007* 
products 
Other food 0.226 -0.1 132 -0.003 1 -0.0 192 -0.0 169 -0.0076 -0.0091 
products 

Table 3 (Contd.). Estimated coefficients for the LAIAIDS model for different food commodities 

Items Edible Horticult Food Age Sex Education Familv - 
Oils Products expenditure size 

Rice and 0.00 19 -0.0 1 13 -0.0403* 0.2079 -3.8940 0.8808 1.2688 
wheat flour 
Pulses 0.0005 -0.0 133 -0.0067* 0.0013* 0.9102 0.0668** 0.1572 
Milklmilk -0.1 13 -0.0058 -0.003 1 * -0.2524* -0.9349* 0.5498* - 1.0023 
products 
Meatlmeat -0.008 -0.0379 -0.0094* -0.1 145* -0.0424* 0.3039* -0.6285* 
products 
Fishlfish -0.052 -0.0054 -0.001 1 * 0.067 1 ** 2.3028 0.4 170* -0.5895 
products 
Edible oils 0.0138* 0.0001 -0.0052* 0.0647 -1.3480* 0.0067* 0.443 5 
Horticultural -0.001 0.026 1 * -0.0 10 1 0.1 188 0.2 169 -0.1447* 0.7294 
products 
Other food 0.0064 0.0002 -0.0803 0.0362 -3.0540* -0.2980* -0.7 156* 
products 

*: * *  - S~gnificant at 5% and 1 %  level 

Meat Type 

Figure 3. Expenditure on meat products (Percentage reporting) 
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Figure 4. 1:xpenditure on meat products (Rs. per household) 

The non food equation was deleted from the model because of singularity in the variance matrix 
when all equations were included. The parameters of the deleted equations were obtained from the 
summation condition of the demand parameters. For the milWmilk products expenditure share 
equations most of the coefficients, including the demographic variables are significant at the 5% 
level, suggesting a high amount of price and non-price responsiveness of the expenditure share. 

The coefficients of age for milWmilk products is negative indicating that with age households 
become conscious of the higher fat levels of milk (cholesterol levels) and their effect on their 
personal health and a readjustment of the expenditure pattern accordingly. The coefficients for 
family size is negative for milWmilk products; meadmeat products and fishlfish products. This 
result indicates that as the family size increases for a given level of expenditure and prices, 
households are compelled to adjust their pattern of expenditure towards relatively inexpensive 
commodities such as rice and wheat flour; edible oils and away from expensive commodities such 
as milk /milk products, meadmeat products and fishlfish products. The level of education seems 
to have a significant impact on the expenditure patterns on the animal proteins (milk/milk 
products; tneadmeat products and fishlfish products) and vegetable proteins (pulses) as compared 
to cereals. 

The results showed that milWmilk products as well as meadmeat products are income inelastic as 
that of other commodities i.e household consumption patterns are less responsive to changes in 
income. This may be related to the basic nature of these food commodities for the household. The 
food expenditure elasticities of all commodities inclusive of milWmilk products, meadmeat 
products are positive, indicating that all are normal goods, the consumption of which will increase 
with increase in income. All the expenditure elasticities were less than one with varying values. 
The results also indicated with increase in incomes, consumers tend to spent proportionately less 
on rice and wheat flour, edible oils, horticultural products and other foods; and more on milWmilk 
products; meadmeat products and fishtfish products. 

The estimated compensated and uncompensated price and expenditure elasticities are conditional 
elasticities and all are second stage estimates (Hayes et al., 1990). The marginal expenditure 
shares were calculated by multiplying the estimated expenditure elasticities by the expenditure 
shares. The results show that for any increase in food expenditures, the largest percentage increase 
of 4.9%, 3.8%, 3.5% will be allocated to meadmeat products, milWmilk products and fisWfish 
products respectively. The expenditure changes on rice and wheat (1.9%) and pulses (1.5%) will 
remain substantial although their significance will decline over time. The food expenditure 
elasticities were converted to total expenditure elasticities by multiplying the total expenditure 
elasticities for food by the respective food expenditure elasticity (Hayes et al., 1990; Blanciforti 
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and Green, 1983). The results show that all commodity groups are inelastic with varying 
elasticities. 

Table 4. Expenditure elasticities and marginal expenditure elasticities 

Food group Food Total Marginal 
ex~enditure ex~enditure ex~enditure 
elasticity elasticity shire elasticity 

Rice and wheat 0.1 158 0.069 1 0.01 88 
flour 
Pulses 0.3368 0.2237 0.0152 
Milklmilk 0.2939 0.1489 0.0379 
products 
Meatlmeat 0.6126 0.49 1 1 0.0490 
products 
FisWfish 0.2286 0.1099 0.0347 
products 
Edible oils 0.1312 0.0798 0.0087 
Horticultural 0.0335 0.0076 0.0046 
products 
Other foods 0.1 131 0.007 1 0.0256 

The Marshkllian own price elasticity computed from equation (8) for milWmik products and 
meatlmeat products was -0.43 1 and -0.221, respectively. Although inelastic this indicates that a 
unifonn percent decrease of prices would elicit a greater demand for milurnilk products as 
compared to meat/meat products. The cross price effects were generally negative (other than 
pulses) suggesting that most food groups are complements. However most cross effects were 
weak in the results. The compensated or Hick's elasticities provide a more accurate picture of 
cross-price substitution between food groups, since they measure substitution effects net of 
income (Moilna, 1994). All estimated Hicks' own price elasticities were negative and was -0.38 1 
and -0.187 for milklmilk products and meadmeat products, respectively. The compensated cross 
price elasticities between rice and wheat four and milWmilk products (-0.193) and meat and meat 
products (-0.149), edible oils and milk /milk products (-0.007), meadmeat products (-0.002) and 
showed complementarity between the food groups. All other compensated cross price elasticities 
were positive, suggesting substitution effects between these food groups. 

Conclusions and Policy Implications 

The household consumption data gathered from the coconut triangle district of Kurunegala, were 
used to investigate the expenditure patterns. Eight commodity expenditure share equations were 
estimated with LNAIDS model. The results indicated that all commodity groups (although 
inelastic) are quite responsive to expenditure changes with milWmilk products and meadmeat 
products showing the largest responses. The food demand is also quite responsive to price 
changes i.e. as prices of these commodities increase, expenditure allocation is expected to 
decrease. The demographic variables such as age, sex, education, family size are important in 
explaining the observed differences in the expenditure patterns of foods. 

The results also indicated that if food supply (milWmilk products or meadmeat products) can be 
increased to maintain the market prices constant, increases in consumer incomes will result in 

' 

improvements in food consumption. The policies aimed at increasing food supply (milurnilk 
products or meatlmeat products) should be coordinated with simultaneous increase in consumer 
incomes to it more effective to the nutrient deficient consumer groups. If the increase in food 
supply is costly, income transfer from higher to low income groups could be done through taxes 
or increase in poverty alleviation programmes directed towards lower income groups. 

With the income elasticity for foods (milklmilk products) less than unity, only part of any 
incremental income of the consumers will be spent on foods (milMmilk products). Hence 
augmenting the incomes of low income groups will positively influence the relative purchasing 
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power of other goods. If increased food consumption contribute to higher income for crop 
producers this would trigger growth in the dairy sector. This would have a spin-off effect from net 
increases in rural incomes and spending of  non-farm items, which could create additional increase 
in employ~nent and incomes in rural h rms .  

The changes in demographic factors such as education, sex, age and family size can cause the 
demand function of milWmilk products to shift over time. Further, the understanding of the effect 
of demographic factors on foods such as milWmilk products could improve the accuracy of 
forecasts or future predictions of food expenditure. For example, larger families are compelled to 
adjust their consumption patterns of foods, such as  milklmilk products to relatively inexpensive 
commodities such as liquid milk as compared to more expensive powdered milk. Better educated 
householders also appeared to be influenced to consume more expensive foods. 
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Abstract: Farm and herd size has shown significant effects on cost of milk production and other economic 
parameters. The objectives of present study were to evaluate the economics of milk production under 
different types of landholdings and herd size. A total of 322 farmers engaged in buffalo farming were 
interviewed and divided in two main classes, (i) landholding class (LHC) and (ii) animal holdings class 
(AHC).  These classes were subdivided into landless, small, medium and large groups according to the land 
holdings and herd size. The collected data were used to study the different aspects of milk production viz., 
input: output, gross margins, daily revenue (DR), daily expenditure (DE), daily income (DI), cosi ,benefit 
ratios ( C R R )  per litter milk produced Thc fallowing observations are made: 

(a)  rhelinputs and output were higher in large groups. 
( b )  CBR was higher in small and large farmers in LflC and AHC respectively. 
(c) LL farmers were getting minimum return from dairy enterprise. 
(d) Farmers are getting almost 50% profit /unit of expenditures. 
(e) Dl was almost equal in small and large groups in LHC. 

Keywords: Milk production, herd size. landholdings, economics 

I n t r o d u c t i o n  

A significant proportion of the national buffalo herd (60%) is maintained by small to medium 
farmers who have 1-6 buffaloes. Whilst, herds of 7-20 buffaloes are maintained by 34% farmers, 
6% farmers keep more than 20 animals (Anon., 1998). Farm and herd sizes have shown 
significant effects on cost of milk production and other economic parameters (Baruah and Sarkar, 
1997). Therefore, the objectives of the present study were to evaluate the economics of milk 
production under different production systems and herd sizes. 

Materials and Methods 

A 30-45 minute questionnaire was used to interview the 322 respondents engaged in buffalo 
farming, to obtain information on different aspects of milk production systems, herd size, inputs 
and outputs, using the method of Poate and Daplyn (1 993). The farmers were categorised into two 
classes, (i) landholding class (LHC) and (ii) animal holdings class (AHC). LHC was subdivided 
according to the size of landholdings viz. (a) landless farmers (LL), (b) jess than 2 acres of land 
(Small), (c) from 2 to 12.5 acres of land (Medium) and more than 12.5 acres (Large). The 
classification according to the animal holdings size (AHC) was (a) 2 or less than 2 animals 
(Small), (b)) from 2 to 6 animals (Medium), and (c) more than 6 animals (Large). The data 
collecled were used to study the different aspects of milk production viz., input:output, gross 
margins, cost benefit ratios per litre of milk produced. 

Results and Discussion 

The-milk was sold at the rate of Rs. 9.50 per kg or Rs.380 per 40 kg. In the case of landless 
farmers, the lactation length was slightly longer than other classes of farmers (1 0 months vs. 9.5 
months) but the lactation yield was less. The calculations were based on the calving interval (CI). 
The CI was 16 months with LL farmers and 15 months with other classes of farmers. 7'0 calculate 
the total margins, the expenditures were calculated for 16 and 15 months, respectively. The 
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depreciation of animals was calculated by the method described b! I>eogharc and I3hattachar!~n 
( I 994). 

Dcpprecntion ($animal = original cost on animal/producti\e life 

The ii~terest (14% per annum) on fixed costs was calculated and added to the total espenditure. It 
was assumed that one animal (female for replacement or male) would be raised along ~ i t h  the 
buffaloes. The estimated price of young stock was added in return. Animals \\ere fed concentrate 
only during the first few months of lactation. They were grazed fret: of cost during different 
months of the year, depending upon the availability of the grazing area and fodder. Therefore, the 
cost of fotlder during the grazing period was excluded from the total fodder cost. The total cost 
(inputs) 011 keeping one buffalo for 15-1 6 months was Rs.15.690 to Us. 16,910 for landless and 
large fra~ncrs, respcctively in LHC. The gross margins, input:output, net income, production cost 
per litre ol'milk produced and other costs on a single buffalo basis were calculated and given in 
Table 1 .  

The sum of all the returns (outpilts) on a single buffalo basis was Rs.24,681 to Rs. 26,655 for 
LtlC and lnargins were Rs.9.079 to Rs.9,745, respectively. When these margins were distributed 
for CI. the monthly income ( M M )  was found to be Rs.564 to Rs.650 and Rs.425 to Rs.530 for 
L,flC and 4HC, respectively (71'able I ) .  The actual cost of production per litre of milk produced 
was also calculated. For this purpose, only the actual expenditure incurred during the lactation 
period was taken. I'he results showed that expenditure to produce one litre of milk (MCIlitre) 
ranged from Us.6.47 to Ks.6.32 from L,LJ to larger farmers (Table I). The cost of milk production 
in different farmer classes under different classifications invariably suggested that the large 
farmers, whether having own land or cultivated, were expending less to produce one litre of milk. 
'l'he cost I~enefit ratio (CHR) for production of one litre ranged from Rs. 0.46 to Rs. 0.62 in 
different groups of farmers. 7'he CBR was calculated on net profit per litre basis. If costs of 
personal labour, animal depreciation and interest rates are not included, the CBR could be higher. 

Table I. Input:output, gross margins and cbrll produced 

LHC 
L LA 
Small 
Medium 
Large 
A H C  
Small 
Medium 
Large 

Input Output Margins MM M C I I  CBRII G M R  

The input:output ratio per lactation milk yield was found to be 1 : 1.46 to 1 : 1.62 in different groups 
of farmers. To calculate the ratio, actual expenditure made during lactation period was divided by 
return from milk only. The ratio between input and output for gross margin (GMR), including all 
expenditures and returns for CI is given in Table 1 .  The results revealed that with increase in farm 
size, the total expenditure on milk production also increased in LHC. This trend was also 
observed by many other workers (Shiyani el al., 1989; Rajiv et al., 1992). This increase in 
expenditure could be attributed to better feeding and management. In contrast ,to these findings, 
some other researchers found that increase in farm size resulted in reduction in total cost 
(Goswami and Rao, 1992; Deoghara and Bhattacharyya, 1994; Chaudhry et al., 1997). The 
reduction in total cost might be due to bulk purchase of inputs and use of farm produced agri-by- 
products for dairy animals. The input output ratio suggested that with increase in farm size, the 
return was increased. It was noted that on an average Rs. 0.50 is the net income per single rupee 
spent on milk production. In other words, there is approximately, a Rs. 3.0 profit per litre or a 
50% net profit. Although the cost of production on large farmers is higher, due to better lactation 
yield and price, they are in profit and are viable (Chaudhry et al., 1997). The daily revenue (DR), 
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dailq txpenditure (DE)  and dailq income (Dl) in LHC and AHC is shown in Figs. 1 and 2. In the 
prcL ~ O L I S  studies, the net income per litre ranged between Rs.0.26 to Rs.0.53 (Shiyani el. ~ r l . ,  1989; 
Ra-jiv I ) /  t r l .  1992). but in the present s t ~ ~ d y ,  the values ranged from Rs.3.01 to Rs.3.64 during the 
lactat~~,n period The better return rate per lltre and input:output ratio than other workers (India) 
maq be due to higher price for milh sold. The city milk shopkeepers pay almost the same price as 
in  the research area. The income per month was in the range quoted by the other workers 
(Deognare and Bliattacharyya. 1994). 

In case of  large farmers or herd size, the inputs were better. This was reflected in better milk 
yield, daily income and reduced production cost (Deoghare and Bhattacharyya, 1994). The 
landlec,s farmers do not consider the value (in cash) of their own or family member's labour and 
time spent in livestock related activities. If we exclude this factor from the cost, then their daily 
income coi~ld be higher To achieve the inaxilnum return from this enterprise, shorter calvirig 
intervals (CI) wtth longer lactation and high lactation yields are necessary factors. 

L L Small Medium Large 

Fig. I .  Daily revenue, daily expenditure and daily income in landholding class 

Small Medium Large 

Fig. 2 Daily revenue, daily expenditure and daily income in animal holding class 

References 

Anon. I 1998) Livestock Census (1996) Agricultue Census Organization. Statistic Division., Government. of 
Pakistan, Lahore. Vol. I .  

Baruah, D.K. and Sarkar, A.B. (1997) Profitability in milk production operation flood areas of Assam. 
Inciiun Journal ofAnimal Science. 67, 54-56. 

Chaudl~ry, M.A., Rafiq, M.. Hanjra, M.A. and Ahmad, M. (1997) Economic analysis of milk production in 
district Okara. Paki.stan Veterinary ~&rnal .  17, 135-138. 



Eflect of farm size on economics of milk production 

Deoghare, A. and Bhattacharyya, N.K. (1994) Economics of buffalo milk production in the Mathura 
Dist.rict Uttar Pradesh. Indian Journal ofAnimal Science 64, 1368-1372. 

Goswami, S.A. and Rao, N.A. (1992) Econmics of milk production in east khasi hills district. Indian 
Journal of Dairy Science 45,80-83. 

Poate, C.D. and Qaplyn, P.F. (1993) Data for Agrarian Development. Cambridgeuniversity Press. 
Cambridge; UK. 

Rajiv, S., Dhaka, J.P. and Kairon, R.S. (1992) Economics of buffalo milk production in rural areas of 
Rohtak District. Journal of Dairying, Foods and Home Sciences. 11,8- 12. 

Shiyani, R.Y., Patel, R.D. and Kuchhadiya, D.B. (1989) Ecnomics of buffalo milk production in Kheda 
District of Gujrat State. Indian Journal of Dairy Science 42, 1-6. 



EVALUATION OF THE KEEPING QUALITY OF BUFFALO MILK 

Ajantha Horadagoda, D. Welagedara and *P.s. Fernando 

Department of Veterinary Preclinical Studies, 
Faculty of Veterinary Medicine and Animal Science, University of Peradeniya, Peradeniya, 

Sri Lanka. 
*veterinaV Research ~nstiiute, Peradeniya, Sri Lanka 

Abstract: Fifty lactating buffaloes from two farms located in the dry zone and the mid-country were used 
in this study. From each animal, 2 milk samples were collected directly from the udder (all quarters); one 
into a sterile glass bottle (25 ml) for bacteriological studies and the other into a clean dry plastic bottle (50 
ml) for evaluation by platform tests. On completion of milking, two further samples were collected from the 
receptacle as described. California Mastitis Test (CMT) was performed on the udder sample of each animal 
at the time of milking. All samples were assessed for somatic cell count (SCC) and total plate count (TPC). 
Milk samples were cultured on blood agar and MacConkey broth. Milk samples were also subjected to 
Methylene Blue dye Reduction T a t  (MBRT), resazurine test (RT), 68% alcohol precipitation test and clot- 
on-boiling test. 

Four per cent of the udder samples were positive for MBRT after one hour. Those buffaloes may be 
affected with sub clinical mastitis. In contrast, 42% of the bulk milk samples were positive for MBRT 
showing a high degree of contamination after milking. According to the results of CMT, 2% of the animals 
gave a score of 3, 3% had a score of 2 whilethe remaining'were negative. RT also indicated similar results 
as for MBRT. In the boiling test, 12% of both the udder and bulk milk samples clotted. Similarly alcohol 
precipitation test too, gave higher positivity in milk collected at both stages indicating the low sensitivity of 
these tests. In samples positive for the CMT, the SCC ranged from 1.4 x lo6 - 6.6 x lo6. Milk from the 
receptacle had a very low SCC. Conversely the TPC of the bulk samples gave an average of 2.45 x lo5 
while the udder samples had a mean bacterial count of 1.3 x lo4. These observations illustrate that 
contamination was not due to udder infections but due to unhygienic milking practices. Milk from the 
buffaloes in the farms studied was used for curd preparation. Fifteen per cent of the samples indicated the 
presence of spore forming B cereus, a heat resistant bacterium that is capable of contaminating curd. Forty 
three per cent of the samples showed contamination with coliform, which is destroyed by heating and is of 
less hazardous. This study clearly shows that milk is subjected to a high degree of contamination after being 
drawn from the udder and the need to increase the awareness of this phenomenon if farmers are to produce 
better quality milk for which increased remuneration is provided. 

Introduction 

The quality of  milk which encompasses the composition and hygienic character is one of the key 
factors in a successful dairy enterprise that is dependant on many factors such as breed, feed, 
lactation environment and the method of milking. Indeed, the maintenance of  the hygienic quality 
of milk once drawn from the udder is pivotal for proper processing and manufacturing of dairy 
products. 

Contamination of fresh milk has become a major issue in purchasing milk as most milk 
processing establishments now prefer to produce highly marketable "ready to  drink" liquid milk 
products. These products have become popular since they have a longer shelf life without a need 
for refrigeration during marketing and storage. 

Buffalo milk is used in the preparation of dairy products, worldwide. In Italy, buffalo milk is 
utilized in the preparation of  Mozzarella cheese where the keeping quality of milk needs to  be 
very high in order to produce good quality cheese. Buffalo milk is used in a wide variety of dairy 
products in India including in the preparation of infant formulae. In Pakistan, about 70 per cent of 
the milk produced is obtained from the buffalo and a major portion of this is processed for dairy 
products. Buffalo milk is widely consumed in many developing countries and is produced largely 
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by small holder dairy farmers where husbandry and milking practices allow considerable 
opportunities for contamination (Ganguli, 1997). 

Contamination of milk could either be directly by endogenous organisms causing udder disease or 
by external sources i.e. after the milk has been drawn from the udder. In the buffalo, the tight 
sphincter in the teat is an important factor for the marked reduction of in vivo contamination of 
milk (Horadagoda, 1998; Horadagoda, et al. 1993). 

Most of the buffalo milk produced in Sri Lanka is converted to "curd", a popular fermented dairy 
product, which is marketed generally without refrigeration. The preparation of curd is dependent 
on clean milk, since contaminants especially with heat stable bacteria could have an adverse effect 
on the quality of curd, especially in relation to taste. However at present, the importance of clean 
milk production is poorly understood by dairy farmers. One of the contributing factors to this 
situation is that the farm gate milk price is based mainly on the total solid content. Therefore, very 
little attention is directed to the hygienic quality of milk (Horadagoda, 1999). 

In Sri Lanka, the low fann gate price of milk has repeatedly been cited as one of the major 
constraints for a sustainable dairy industry. Indeed milk pricing is a complex issue which has to 
examine several factors, but the possibility of including an addition payment for hygienic quality 
of milk will be an incentive and stimulate farmers to be concerned on the quality. It will also 
provide an opportunity for milk procuring agents to purchase milk more suited to produce "ready 
to drink" products. 

Bacterial contamination of milk is generally assessed by the dye reduction tests and the alcohol 
precipitation test. The use of these tests as indicators for contamination is dependent on a scoring 
method that reliably reflects the degree of contamination. Each country adopts a different scoring 
systemas it is influenced by factors such ambient temperature, water quality and logistics related 
to handling of milk. The objective of this study was to develop a cost-effective, rapid and 
sensitive scoring system for Sri Lanka that would enable the detection of contaminated buffalo 
milk at collecting centres. 

Materials and Methods 

Milk samples for this study were collected from 50 randomly selected buffaloes managed in two 
farms (A and B). Twenty five samples were collected from Farm A located in the dry zone, while 
25 were obtained from Farm B in the mid country. 

All milk samples were collected at the time of morning milking. Two milk samples were collected 
directly from udder of the selected cows. One sample (25 ml) was taken into a sterile container for 
bacteriolagical studies while the other (50 ml) was collected into a clean bottle for routine 
.platform tests. On completion of milking two further samples for the same purposes were taken 
from the receptacle that was used at milking. Further, the California Mastitis Test (CMT) was 
performed on each animal at the time of milking. In addition to milk, samples of water, which was 
used in the washing of the udder and utensils in the milking parlour were also collected. All 
samples were transported to the laboratory within two hours of collection in a polystyrene box 
maintained at 4 O  C. 

All platform tests were carried out according to the methods described in AOAC, (1980). Briefly, 
the tests performed included an assessment of appearance, smell, taste (AST) and an evaluation of 
contamination by two dye reduction tests; methylene blue reduction test (MBRT), and the 
resazurine test (RT). The clot on boiling tests (COB) and the alcohol precipitation test (68%) were 
also performed. The acidity in milk was evaluated by a titration with 0.1% sodium hydroxide in 
the presence of phenolphthalein and the pH of milk was measured directly using a pH metre 
(Kent, EIL. 1020). The somatic cell count (SCC) was carried out as described by Fay (1959). The 
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total plate count, the presence of coliform bacteria and B. Cereus activity were evaluated 
according to the method reported by Dhakal et al. (1991). 

Results 

In farm A, prior to milking the sheds were cleaned and the udder was washed with liberal 
quantities of clean water accessed through a rubber hose. They also practised the strip cup-test 
prior to milking. In contrast, in farm B the udder was washed with unclean water collected in a 
large container. Moreover, the udder was not washed adequately prior to milking. 

Table 1 .  Dye reduction tests in udder and bulk milk samples at one hour in Farms A and B 

Farm MBRT MBRT R T  RT 
(number of animals) Udder 
Farm A (25) 1 

Bulk Udder Bulk 
2 0 1 

Farm B (25) 1 19 2 18 
hlean 2 (4%) 21 (42%) 2 (4%) 19 (38%) 

1 I 1  2 1 3 1 4 1 51 - Farm B Farm A 

Figure 1 .  Indicates the Methylene blue dye reduction test and the resazurine dye reduction test results of 
the bulk milk samples in individual animals. 

The MBRT was examined hourly, for 5 hours. After one hour, only 4% of the 50 udder samples 
were positive in the MBRT. In contrast, 42% of bulk milk samples gave a positive reaction at one 
hour while 56% were positive at 3 hours. The RT also showed similar results to that of MBRT. 
Figure 1 shows the relationship of the MBRT and RT results of individual buffaloes between the 
udder and the bulk samples. Udder samples had a much lower contamination score when 
compared to the bulk samples. 

According to CMT results, 4% of the animals gave a score of 3, 6% had a score of 2 but an 
overwhelming number (92%) of animals remained negative. In the boiling test, 12% of both udder 
and bulk milk samples clotted. Similarly, the alcohol precipitation test gave a high positivity in 
milk collected at both stages, indicating low sensitivity of these tests. In samples positive for 
CMT, the SCC ranged from 1.4 x lo6 - 12.7 x lo6. Milk from the receptacle had a very low SCC. 
Conversely, the total plate count (TPC) of the bulk samples gave an average of 2.5 x 1 o5 in farm 
A and 4.35 x lo5 in farm B, while the udder samples had a mean bacterial count of 1.3 x 1 04. 
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Table 2. The mean total plate count (TPC) of bulk milk samples, the somatic cell count (SCC) of the udder 
milk samples and the California mastitis test (CMT) reaction of animals in Farm A and Farm B. 

Farm TPC (bulk) SCC (udder) CMT +ve 
Farm A (25) 2.5 X I O ~  1.4 x lo6  1 
Farm B (25) 4.35~10' 6.6 x lo6 3 
hlean +SEM (50) 3 . 4 5 ~ 1 0 ~  5.65 x l o 6  4 (8%) 

1 4 7 10 13 16 1922252831 343740434649 
Animal number 

Farm B FamA 

Figure 2. The total plate count of bulk milk samples and somatic cell count of udder milk samples in 
individual animals. 

Figure 2 indicates the individual TPC of the bulk samples and SCC of the udder samples. In Farm 
A buffaloes with high SCC showed high TPC despite proper cleaning processes. Buffalo milk 
from both these farms was used in curd preparation. Fifteen per cent of the samples from the farm 
B indicated the presence of spore forming B. cereus, a heat resistant bacterium that is capable of 
contaminating curd. Moreover, 40% of the samples from this farm showed contamination with 
coliform bacteria, which were however destroyed by heating. 

Discussion 

Dye reduction tests are commonly used world-wide to evaluate milk for bacterial contamination 
(AOAC, 1980; IDF, 1986; Berg, 1990, Luke, 1991). The resazurine and the Methylene blue 
reduction times (MBRT) are both suitable tests to assess the keeping quality of milk, as they 
directly measure bacterial activity, require less skill to perform and are cast-effective. However, 
there are few disadvantages of these tests. For instance all bacteria may not show similar reducing 
qualities and some bacteria under tropical conditions may increase the pH of the media, but may 
not reduce the dyes. Further, if the SCC is high the reducing time is very short in spite of farmer 
handling milk with much care (Rook, 1979). The most reliable results are obtained only through 
serial sample analysis, which is time consuming and less practical under field conditions. The 
results of this study indicate that in terms of sensitivity, cost effectiveness and efficiency, the 
MBRT is the most suitable as a test to assess milk in order to remunerate on quality at the farm 
gate level. Although resazurine test is less time consuming it is less reliable and requires 
additional apparatus such as a Lovibond comparator. 

'The conventional alcohol test is a quick method to assess milk quality at the farm-gate level but is 
less sensitive. Unlike with the cow milk, 68% alcohol test is not suitable for buffalo milk as the 
higher protein content interferes with the test and may yield false positive results (Horadagoda, 
1990). The titration methods to assess acidity is cumbersome and requires skilled personnel. The 
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boiling test although easy to perform is not quantifiable to be used in a scheme for remuneration 
of hygienic quality. 

The Total Plate Count (TPC) is a good test to evaluate contamination though it is time consuming 
and expensive. The TPC is intended to reflect closely the total number of bacteria present in the 
sample. However, not all bacteria present in the sample may form viable colonies on a standard 
agar medium under specific incubation conditions. Further microorganisms, in groups may form 
one colony thus giving a false negative answer. In addition to the dye reduction tests, it is 
important to analyse specific bacteria like butyric acid bacteria and other heat resistant bacteria 
which may interfere with products such as curd, cheese or ready to drink milk, 

This study clearly shows (Figure 1) that milk is subjected to high degree of contamination after 
being drawn from the udder and the need to increase the awareness of the farmers to produce 
better quality milk for which increased remuneration is provided. If hygienic quality is considered 
as a criteria for remuneration, it is important to analyse milk at the farm gate level, rather than as a 
collecting centre bulk sample which is analysed several hours later. The latter would include 
contamination in transit and other factors such a break down of a continuous cooling system 
which will not reflect the actual quality of milk from individual farmers and they could be 
unfairly penalised. 
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SELECTION OF LACTIC STARTER ORGANISMS AND PERMITTED 
PRESERVATIVES FOR CURD. 

P.S. Fernando, N. Kalyanasundram, A.A. Vipulasiri and T.G. Wijewardana 

Veterinary Research Institute, Gannoruwa, Peradeniya, Sri Lanka 

Abstract: Curd is a fermented milk product, where coagulation is brought about through the activity of 
Streptococcus lactis, Streptococcus diacetylactis, Streptococcus cremoris singly or in combination with 
Leuconostoc species. In Sri Lanka, most producers and consumers face problems relating to marketing and 
consumption, due to the poor quality of curd resulting from the use of either sub-standard hygienic 
procedures, a high microbial counts in milk or the use of improper starter cultures or a combination of all 
three factors. 

To address these problems two separate studies on (a) starter cultures and (b) preservatives in use in curd 
production were carried out. Lactic starter organisms, isolated from 10 different marketed products of curd 
available in Kandy, were identified based on their cultural, morphological and biochemical characteristics. 
Of a total of 16 Streptococci species, 23 Lactobacilli and Leuconostoc species identified, 2 (isolates of) 
Streptococcus lactis, 2 of Streptococcus thermophilus, 5 of Streptococcus cremoris, 2 Lactobacillus 
bulgarlcus and 5 Leuconostoc species were selected based on their rates of lactic acid production, clotting 
time, physical and organic properties, to formulate starter cultures for curd production. The starter culture 
combination comprising Streptococcus cremoris and Leuconostoc species was selected as the most 
acceptable formulation in the sensory evaluation, when the results were analysed by Friedman's .non- 
parametric test. 

The effect of incorporation of permissible preservatives for dairy products namely sodium benzoate and 
sodium sorbate at the rate of O.1%, 0.2% and 0.3%, on the shelf-life of curd was examined, when stored at 
room temperature (RT) and a refrigeration temperature of loOc, and with and without treatment of clay pots 
being with chlorine. Sodium sorbate when added at 0.2%, extended the shelf life of curd in clay pots treated 
with chlorine up to 5 days when stored at RT. The shelf life was even better when it was stored at the 
refrigerated temperature for 7 days. When plastic pots were used, the shelf life was extended up to 10 days 
at RT and 14 days at the refrigerated temperature. 

Keywords: Curd, starter cultures, shelf life 

Introduction 

The preservation of  food by fermentation is one of the oldest methods known to mankind. A 
typical example is lactic acid fermentation, which is widely used in the manufacture of dairy 
products. Curd is a popular and highly nutritive fermented dairy product in Sri Lanka, the use of 
which has been reported as far back as in 167 BC during the reign of  King Dutugemunu 
(Pathirana et al., 1996). 

Curd is defined as  the product obtained by coagulation of cow or buffalo milk or a mixture 
thereof through the agency of Streptococcus lactis, Streptococcus diacetylactis, Streptococcus 
cremoris singly or in combination with Leuconostoc spp. (Sri Lanka Standard 824, 1988). 
However, no well defined lactic starter cultures are used by the producers mainly due to the 
following factors. Firstly, they are not aware of  the importance of the role of the starter cultures 
and secondly, they rely on the experiences gained through traditional practices followed by 
generation after generation. As a result, producers use as lactic starter culture, curd either from a 
pot of curd purchased from the market, or from the product previously produced by them, or 
yoghurt. This practice results in sub-standard products with a short shelf life. The Sri Lanka 
standard for curd permits incorporation of  sorbic acid as  a preservative at the rate of 1000 mg/kg. 
The ol~jectives of this study were ( I )  to provide a lactic starter culture, in freeze dried form, to 
producers, which would result in an end product that would satisfy the consumer and (2) to 
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determine the optimum level of preservatives that could be added in order to obtain a better 
product with a longer shelf life. 

Materials and Methods 

Isolation and identification of lactic acid bacteria 

Ten different commercially available products of curd were collected from the Kandy market. 
These were subjected to microbiological examinations in order to isolate the lactic acid bacteria. 
The procedures of Harrigaan and Mc Cance (1993) and de Man, Rogosa and Sharpe (1960) were 
followed.. Dilutions of curd products up to were inoculated and characteristic colonies on 
special media, MRS and M17 agar (Terizaghi and Sandins, 1995) were subcultured and identified 
according to standard bacteriological procedures as described by Buchanan and Gibbons in 
Bergey's manual (1975). The identified isolates were stored in skimmed milk. 

Selection of cultures 

(a) Bacterial cultures from among the stored isolates were selected for the study based on the 
following criteria. Survival efficacy, clotting time, rate of lactic acid production, better growth on 
artificial media and in fresh milk. 

(b) Characteristics of the mixed cultures prepared from the selected isolates such as clotting 
time, pH, rate of lactic acid production, smell, whey separation and firmness of the curd were 
studied. 

Evaluation of the quality of curd produced by use of selected mixed cultures 

Curd prepared by the incorporation of selected lactic acid bacteria in mixed cultures were 
evaluated for their organoleptic properties (smell and taste) physical characteristics (texture and 
appearance) and chemical properties (pH and acidity). The parameters such as smell, taste, 
appearance and texture were assessed through a questionnaire given to members of a taste panel 
comprising 20 panelists. Every member was requested to submit their answers numerically using 
a scale ranging from 1-9 using a 9 point hedonic scale for computational purposes. The scores 
were analyzed using the Friedman's test. The pH of curd was checked with a pH meter, while the 
acidity was calculated following titration with 0.1 n NaOH. 

Determination of optimum levels of permitted preservatives 

Two preservatives recommended for dairy products, namely Sodium benzoate and Sodium 
sorbate were incorporated into the curd mixture prepared with the selected lactic starter organism 
combination at 3 different rates of 0.1%, 0.2% and 0.3%. Curd prepared in this manner was 
stored at RT and at +1 O°C, along with a control with no preservative. added and tested daily for 
the keeping quality. 

Effect of treatment of clay pots with "hypochlorite" 

The curd mixture prepared using the selected lactic starter organism combination along with the 
preservative at the best selected rate was poured into clay pots treated with a solution of calcium 
hypochlorite (200 ppm). Treatment df pots was carried out on the previous day by dipping them 
in a solution of calcium hypochlorite for 30 min and then drying in an oven at 160°C. Curd 
prepared in this manner was stored at RT and at +lO°C and tested for the keeping quality. Curd 
prepared as above was also allowed to set in plastic pots and stored at RT and +lO°C and tested 
daily for the keeping quality after storage at RT and +lO°C. 
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Results 

Isolation and identification of lactic acid bacteria 

A total of 39 lactic acid bacteria were isolated on special media i.e. MI7 and MRS agar from the 
I0 curd samples tested. Sixteen isolates were recovered in pure form on MI7 agar and 23 on MRS 
agar. Streptococus lactis (2), Streptococus cremoris (3), Streptococcus thermophillus (2), 
Lactobacillus bulgariars (2) and Leuconostoc spp (5) were identified and confirmed using 
biochemical tests. The 16 isolates which showed variable results in biochemical tests were not 
considered for further testing. 

Selection of cultures 

The two isolates of Streptococcus lactis, one of Streptococcus cremoris and 4 of Leuconostoc 
spp. showed acceptable values in production of lactic acid, pH and growth on artificial media as 
well as in fresh milk. Flence these were selected for the preparation of mixed cultures. These 
were mixed 1 : 1 by voiume with either of the 4 Leuconostoc spp. Streptococcus thermophillus or 
Lactobacillus bulgaricus as suggested by the Sri Lanka Standards thus resulting in 18 different 
formuiations. 

Table I .  The clo~ting time, the pH and the percent of lactic acid formed by mixed cultures 

Formulate pH PH % of lactic acid formed Clotting time 
Number (6hr) (24hr) 6 hrs after 24 hrs after at 37OC at RT 

inoculation inoculation (h) (h) 
1 A 5 .O 4.2 0.56 2.90 2 4 % 

As indicated in Table 1, based on the pH, titrable acidity and curdling efficacy 3 formulations 
namely 1C (Strep. lactis 2, Leuconostoc spp 4), ID (Strep. lactis S2, Leuconostoc spp) 2 and 2E 
(Strep. cremoris, Leuconostoc spp 3) were selected for curd production. The clotting time of lC, 
ID and 2E at 2 different temperatures (37OC and RT) were within 4-7 hours. When compared to 
these cultures other formulations indicated shorter clotting time periods. As the pH reduces with 
time (i.e. acidity increases) they were not selected for curd product. 

Evaluation of the quality of curd produced by selected mixed cultures 

The probability value and sum of ranks given by 20 panelists for the appearance, smell, taste and 
texture for the 3 different types of starter cultures used to prepare curd are given in Table 2. 
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Treatment:; 1 ,  2 and 3 are the synonyms for the curd prepared incorporating the 3 selected starter 
culture formulations IC, ID and 2E respectively. 

Table 2. Rzsults obtained by the Friedman non parametric test 

Treatment Sum of ranks 
Appearance Smell Taste Texture 

1 (A) 3 1 .O 35.0 41.5 35.0 
2(E) 39.0 35.0 26.5 32.0 
3(F) 50.0 50.0 52.0 53.0 
Probability value 0.009 0.010 0.000 0.000 

* Treatment effect is highly significant at p = 0.05 

From the results of the analysis it is evident that the preference to appearance, smell, taste and 
texture is significantly different among the 3 products. The product 3 (2E) achieved the highest 
rank in all 4 characters. Therefore among the 3 products, curd 3 was the best. When compared to 
product 2, curd 1 has a higher acceptance. 

Detection of effective level of permitted preservatives 

Figures 1 ;ind 2 indicate the keeping quality of curd prepared incorporating sodium benzoate and 
sodium sorbate respectively at different strengths (0.1, 0.2, and 0.3%). Sodium sorbate was found 
to be the best preservative to increase the shelf- life to 5 days at the rate of 0.2% and stored at 
+IO°C. However, both preservatives acted in the same manner when curd was stored at RT (Fig. 1 
and 2) where the shelf life was 4 days. Yeast and moulds were found to be the major causes of 
reducing the shelf life of curd. 

4 1  

3.5 

3 

Days 2 5 

0.5 

- .- 

0.1 0.2 0.3 Control 

% of Na benzoate 

RT Refrigerator 

Fig. 1 Keeping quality of curd with different percentages of sodium benzoate 

Effect of treatment of clay pots with hypochorite : 

The shelf life of curd was extended LIP to 7 days when the mixture with (0.2%) sodium sorbate 
was allowzd to set in clay pots previously treated with a solution of calcium hypochlorite and 
stored at + 1 O°C (Figure 2). In plastic pots the curd prepared using the same procedure was found 
to be satislactory up to 10 days at RT and 14 days at + I  0°C. 
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0 . 1  0 . 2  0 . 3  C o n t r o l  0 . 2 + c l  

T r e a t m e n t  

Fig. 2 Keeping quality of curd with different percentages of sodium benzoate 

Discussion 

lmporfant factors that determine the quality of curd are the level of microbial contamination and 
the quality of lactic starter culture used in the fermentation. A study carried out on "Ruhunu" 
curd revealed the presence of coliforms and E.coli indicative of poor hygienic standards 
(Pathirana et al., 1996). In order to improve the hygienic standards the authors suggested that the 
farmers be encouraged to adopt simple methods and technology involving minimum 
interventions. Nearly all those who are engaged in the production of curd are not aware of the 
importance and the role played by the starter culture. 

The present study was undertaken with a view to improve the quality of curd by supplying a 
starter culture and by determining the optimum level of permitted preservatives that could be 
incorporated. The lactic acid bacteria that were selected and incorporated in a formulation 
comprising Streptococcus crernoris and Leuconostoc spp is now available for farmers in the 
lyophilized form. The combination of these two organisms is in agreement with the Sri Lanka 
Standards, (1988) 824 Part 2. The starter culture described here is distributed among producers 
through the Government Veterinary network in the country. 

Spoilage of fermented dairy products is initiated by fungal growth due to low pH and growth of 
spoilage bacterial1 flora commence as the pH of the fermented product gradually rises during 
mould growth (Jay 1996). During this study too, fungi was visible on day 2 when no preservative 
was added, while bacterial contaminants were not detected throughout the study period. 

Use of sodium sorbate at the rate of 0.2% along with the practice of treating clay pots with 
hypochlorite (200ppm) prior to use can substantially increase the keeping quality of curd. The 
shelf life of curd prepared in this manner in plastic pots was extended up to 10-14 days, however 
indiscriminate use of plastic pots could lead to an environmental hazard. 

The objective is to improve the quality of the curd by supplying the starter culture and providing 
recomlnendations on preservatives and treatment of pots. In conjunction there should be 
programmes for farmer education on hygienic procedures of curd production. 
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SYMPOSIUM - VII 

Product Technology and Economics 

Discussion 

Q. C.M.B. Dematawewa - If the value for elasticity is over 1 ,  how do you interpret this 
results? 

A. C. Bogahawatta - If the elasticity of milk and milk products is over 1 ,  it means that its 
price is elastic. That is, if the price of milk and milk products increase by 1%, the demand for 
milk and milk products will increase by over 1%. Generally the price elasticity of milk and milk 
products in Sri Lanka is inelastic and in India it is elastic. This means that the Indian consumers 
are more price responsive when compared to Sri Lankans. 

Q. .4. Horadagoda - The study showed that nearly 40% of the customers consumed curd. Is 
it because the study was conducted in the Kurunegala District? 

A. C. Bogahawatta - Yes, it is very specific to the Kurunegala District which is an ideal area 
for curd production due to the intensity of milk production and higher buffalo and cow 
populations. This situation may not be the same in other districts. 

Q. H.V.R. Navaratne - The price of milk is different in India compared to Sri Lanka. Will 
this affect the elasticity values? 

A. C. Bogahawatta - No. The price elasticity is an index measure. It is not affected by the 
scale of measurement. 

Q. H.V.R. Navaratne - Does the availability of liquid milk to meet the demand affect this 
study? 

A. C. Bogahawatta - Yes. The demand for liquid milk may be lew, as it is low in supply in 
most of the urban areas and even in rural areas. The consumers also prefer powdered milk as 
compared to liquid milk. If the demand for liquid milk is to be increased, the attitude of the 
consumer towards liquid milk has to be changed. 

Q. O.P. Dhanda - Is the figure of six litres, the per capita consumption? 

A. C. Bogahawatta - It is the per capita consumption per day. 

Q. C.B. Salces - In the Philippines, we identify impact zone areas, because not all farmers 
like AI. In the impact areas, we go to the farmers who are responsive to technologies. For 
example, if you want to promote AI, you look for a fodder farmer, because he will be willing to 
use new technologies. We introduce technologies in these impact zones without trying to provide 
services everywhere. 

A. S.H. Raza - The setup is different in different countries. We have provided good A1 
service centres, but the problem is with the staff. If the staff are not there, farmers will resort to 
natural service, and we do not get a return on investments. If we can place bulls in each village, 
we can improve the animals. 



Congress Workshop 

The Organising Committee included a Workshop as part of the Congress activities so as to take 
advantage of the presence of eminent resource persons who will attend the Congress and provide 
an opportunity for field Veterinarians and livestock extension personnel to discuss some of the 
priority issues that confront them in their field activities. The theme of the workshop was "Cattle 
and buffalo farming: - Technical, marketing and trade issues". The workshop which was held at 
the Kandalama Hotel on the 3 0 ~  March 2000 commenced at 9.45 am and continued till 4.00 p.m. 
Session I dealt with aspects relating to nutrition, reproduction and health, while Session I1 was 
devoted to discussions on marketing and trade. 

The moderators of the workshop were Dr. B.M.A.O. Perera and Dr. M.C.N. Jayasuriya. The 
discussion that followed the lecture presentation was lively and profitable. The participants 
appreciated the efforts of the organisers in arranging the workshop which was considered a 
success. The detailed workshop programme is given below. 

The workshop was sponsored by Agro-Enterprise Development Project through the initiative of 
the Sri Lanka Association of Animal Production. 

Session I 

Use of commonly available feed resources in ruminant feeding - limitations, methods of 
overcoming limitations, and feed formulation 

M C. N. Jayasuriya 
Minerals and vitamins in ruminant nutrition - mineral and vitamin deficiencies, their significance 

on health, production and reproduction and methods of overcoming deficiencies 
S. S. E. R(znawana 
Infertility in buffaloes and cattle - diagnosis and treatment 
MR. Jainudeen 
Use of hormones in the control of reproduction in cattle and buffaloes 
B. M A. (kwin Perera 
Epidemiology, diagnosis and control of common bacterial and viral diseases of cattle and 

buffaloes in Sri Lanka 
S. Kodituwakku, T. G. Wijewardena, N. U Horadagoda and R Hettiarachchi 
Common parasitic diseases in cattle and buffaloes -treatment and control 
D.J. Weilgama and R.P. K J .  Rajapakse 

Session 11 

Food security, free trade and trade agreements and ways to cope with free trade 
N. Sandtzratne 
Marketing of livestock products from farm -gate to the consumer - methods of reducing 

marketing margins, horizontal and vertical integration and matching consumer preference 
C. Bogahawatte 



Field Excursion: 

An opportunity was provided to foreign participants to gain fir'st hand information on buffalo 
production and management practices at the field level. The field visits included the buffalo farm 
of the National Livestock Development Board (NLDB) at Melsiripura located at a distance of 
about 65 km north of Kandy. They were accompanied by a few of the local scientists. This is a 
large state farm located in the dry intermediate zone in Kurunegala district, which maintains a 
herd of Surti buffaloes imported from India. The farm provides breeding animals to farmers who 
prefer to rear a dual purpose buffalo. The participants also visited a few smallholder buffalo farms 
in the Melsiripura and Dambulla areas. This gave the visitors an opportunity to observe and study 
the buffalo management practices at large and small farm levels in the traditional buffalo rearing 
area of the country. 

The foreign participants were in addition given an opportunity to see the Sigiriya rock fortress, 
which is one of the treasured cultural monuments of ancient Sri Lanka. The site displays the 
world famous 5' century rock paintings (Frescos), the hydrological engineering and other 
advanced town planning feats of Sinhala kings of that period. The foreign scientists also visited 
the Darnbulla rock temple, a historic, cultural and religious centre, which contains many ancient 
paintings and statues of Buddha dating back to the sth century. At the conclusion of the field tour, 
the foreign participants joined the local scientists at lunch at Kandalama hotel. 



Conclusions and Recommendations of the Third Asian Buffalo Congress 

The Organizing Committee of the Third Asian Buffalo Congress recognising the importance of the 
Congress provided time on the final day to focus on the application of recent advances in research aid 
development of the buffalo in the context of the changing socio-economic conditions. Based on the 
valuable contributions that were made by the participants, a set of conclusions and recommendations 
giving guidelines for research and development of the buffalo were formulated to meet the future 
needs of the countries in the Asian region in the new millennium. Although it is customary for 
international meetings of this nature to present recommendations at the conclusion ofthe deliberations, 
this Congress gave special attention primarily to the need to provide guidance not only to scientists but 
also to national governments in the Asian region for consideration in drawing up strategies relevant 
for future research and development activities relating to the buffalo. 

The discussions were focussed on the priority development needs based on the current information and. 
experiences of the participating scientists, both local and foreign. This session was moderated by Dr. 
B.M.A.O. Perera of the Animal Production and Health Division of IAEA in Vienna and who is also 
the out-going Vice President of the Asian Buffalo Association. 

The discussions were taken up under eight major areas of buffalo production that are of great relevance 
to the Asian region, namely: 1)  Production systems, 2) Genetics and breeding, 3) Reproduction, 4) 
Nutrition, 5) Health, 6) Biotechnology, 7) Product technology and economics and 8) the vision for the 
future. The conclusions and recommendations are given below under each of the above heading. 

Production Systems 

Conclusions 

Production systems are changing towards milk and meat oriented system and in response to changes 
in socio- economics. 

Smallholder farming systems continue to be important. 

Recommendations 

Emphasis is needed on buffalo integrated small farm systems, as a dual/multi-purpose animal. 
Compiling and dissemination of available information. 
Attempts should be made to reverse the declining trend in the buffalo population. 

Genetics and Breeding 

Conclusions 

Full exploitation of the buffalo has not been realised. 
Breeding policies are not fully implemented in many countries of the region. 

Recommendations 

Action needed to conserve, evaluate and preserve buffalo genetic resources. 
Breeding policies should be formulatedlreviewed/updated where needed and implemented. 
Selection programmes should be implemented for genetic progress. 
Traits such as behaviour, temperament, reproduction, heat tolerance in addition to those related to 

milk, meat and draught, should be taken into consideration in the selection process. 
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Reproduction 

Conclusions 

Reproductive efficiency is generally low, manifested as long post-partum anoestrus and long calving 
intervals. The main causes are poor nutrition and management, including inefficient heat detection, 
inappropriate suckling management and lack of selection. 

Lack of breeding bulls has been a major constraint. 

Recommendations 

Artificial Insemination coverage should be increased. 
Evaluation of bulls should be performed by Open Nucleus Breeding System 
New technologies need to be translated to field applications and combined with information 

dissemination. 

Nutrition 

Conclusions 

Buffalo feeding will continue to rely on low quality feeds. 
The supply and quality of feeds are limiting, resulting in underfeeding. 

Recommendations 

There is a need to optimise the utilisation of local feed resources and develop appropriate feeding 
strategies. 

Research is needed on underlying physiological processes which give comparative advantage to 
buffaloes. 

Health 

Conclusions 

Calf mortality continues to be a limitation. 
Current vaccines for Haemorrhagic septicaemia (HS) need further improvement. 
Infectious causes of reproductive failure limit productivity and prevent trans-boundary movement of 

genetic material. 

Recommendations 
Y 

Studies are needed to investigate the causes of calf mortality and minimise the problem. 
Apply biotechnological methods for better diagnosis and improve vaccines (particularly HS vaccine). 
Each country must implement national measures for controlling reproductive diseases. 

Biotechnology 

Conclusions 

Biotechnology(BT) has a great potential for increasing buffalo productivity in fields such as genetics, 
reproduction, nutrition and health. 

Existing biotechnologies are not efficiently used. 



Conclusions and recommendations 

Recommendations 

Biotechnology research and development should be supported. 
Existing BTs need to be further developed and adapted to current needs. 

Product technology and economics 

Conclusions 

Some countries have made excellent progress in linking production with marketing. 
Adequate methods to assess the hygienic quality of animal products are lacking. 
Cost of production is,continually increasing. 

Recommendations 

Sharing of expertise in product technology within the region is a must. 
There is a need for vertical integration of production, processing and marketing. 
Methods for matching cost of production to consumer prices should be found. 

, Develop technologies to optimise by-product technology. 

Vision for the Future 

The buffalo will grow in importance as a livestock resource for most tropical Asian countries. 
There is a need to exploit the comparative advantage of the buffalo to utilize marginal lands and other 

resources for production. 
Mobilise Information Technology for promoting buffalo production. 
Transfer of technology and effects on environment. 
International Institute should be established in Asia to conduct research and focus on the development 

of buffalo production. 



Address By Dr. R.O.B.Wijesekera 

Chairman, National Science and Technology Commission (NASTEC) 
Former Special Technical Adviser, W I D O ,  Vienna, Austria 

Mr Chairman, distinguished delegates, ladies and gentlemen. Permit me to begin by thanking the 
organising committee for inviting me to deliver this closing address at this Third Asian Buffalo 
Congress. I feel it is an honour and I must confess that I accepted this invitation with some degree 
of avidity, for I wished to share some of my thoughts regarding my present preoccupation, in my 
capacity as the Chairman of the National Science and Technology Commission, with a local as 
well as an international audience. 

Having had the privilege of working in several developing countries within Asia, Africa and Latin 
America, I do know that some of the problems of science and technology in the developing world 
bear common characteristics. 

Permit me first to tell you that the National Science and Technology Commission (NASTEC) is 
the designated apex body for Science and Technology in this country. It is a recent creation by an 
Act of Parliament, which was only implemented a year or so ago. Among its many functions is to 
enhance and safeguard the National Science and Technological capability. One of the priorities is 
to work towards the building up of a virile and productive scientific and technological sector in 
this country. This is a long term exercise for which the steps must be taken forthwith, if we are to 
reverse the debilitating effects of the brain drain on our system. In moving towards this goal 
NASTEC has the mandated function to interact with both regional as well as international science 
to help the scientific culture of this country grow, and to help the scientific community in 
familiarising itself with the leading edge of science in the world, in a variety of topics of 
relevance to us. The cornerstone of the exercise is of course scientific research. Hence you would 
understand my interest in being here at this Congress just concluded. So, as the Chairman of 
NASTEC, I have not only an interest but also a function to perform to encourage the growth of 
scientific knowledge in this country. For let it be clearly stated: it is today's knowledge that gives 
rise to the technologies of tomorrow. 

Having listened today to some of the presentations at this Congress, I am struck by the fact that 
this exercise exemplifies two very significant aspects of the growth of science., which to me are 
of the greatest importance. One is the accumulation of knowledge by research, and the other of 
the sharing of that knowledge with peers who are both nattonal as well as international. This is the 
manner in which science has grown over the years. The creation of a Research Culture leads to 
the formulation of a knowledge base within a country in the subject areas of the research. 
International interaction gives the scientific personnel an acquaintance with leading edge research 
in the relevant field of work. The international personnel who work in specific areas and who 
interact with each other are sometimes known as the "invisible colleges of science". 

In the creation of a knowledge base, one first of all builds up clusters of research activity in such, 
fields as are relevant to the country. These are fields that the decision makers would feel obliged, 
on account of their social relevance to the country, to invest funds in. These clusters develop in 
numbers until they form a significant body of knowledge which forms the research or knowledge 
base of the country, and the ability to interact with leading edge research worldwide. 

To an organic chemist like myself, there is a close analogy here, to the phenomenon of 
crystallization. Those who are chemists will know that crystallization occurs with the formation of 
one or more clusters of crystals, which then develop to many more in number, until the base of the 
vessel is eventually fully covered. Likewise, if we begin an intensive research programme with a 
single subject area and extend this capability along the many disciplines that are needed for this 
research area, we may be building a significant research capability. This is the manner in which 
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science grows. As I said, the growth of science is strikingly analogous to the phenomenon of 
crystallisation. It has been the case through history and it is the same whatever be the subject area. 
igow when as I said, science grows along a number of disciplines, then that is the forerunner to 
the development of a scientific and technological capability within a nation. 

The second important illustrative feature I mentioned that this congress exemplifies is that of 
international interaction. Science within a country cannot grow in isolation. It has to interact with 
leading edge knowledge bases wherever they exist. This process is what I referred to as the 
"invisible colleges of science". This means that in each subject area, there is a kind of relationship 
such as you have among yourselves now, a relationship of common interests in a given scientific 
area of activity. So this exercise just completed is of particular significance as it is the means by 
which an endogenous scientific capability can be built. 

The subject of your congress has also been of interest to me in a somewhat peculiar way. Recently 
I had the good fortune to enjoy a holiday at the National Reserve at Uda Walawe. I could not help 
but observe the many buffaloes gathered there during the day time. It seemed like a ritual that the 
least observant among us could not help but observe. They would come in at about two o'clock in 
the afternoon each day. By half past two the entire community of buffaloes were gathered by the 
lake side, seemingly for their daily get-together. They do everything there. They bathe, they 
wallow in the mud, they fight each other, they guard and train the young, they even copulate! At 
about five in the evening, invariably following some signal from the leaders they commence 
leaving in remarkably orderly fashion. Then on one day I observed they began leaving rather 
earlier than normal. And when we continued to wonder, the reason soon became obvious. Because 
no sooner had all the buffalo herd disappeared, troops of elephants began to come towards the 
same lake for their enjoyment of the water. So the buffaloes and their leaders having known this, 
had slowly marshalled their herd and peacefully left in time. 

Now to us, who belong to a tradition where the buffalo is demeaned, where if you wish to insult 
somebody you remark that the person is like a buffalo, this orderly pattern of behaviour appeared 
strange. It seemed that the buffalo was far more orderly and disciplined than the folk we see in 
any one of' our capital cities in this region. They came in and exited in impressive fashion. After 
that, I had a healthy respect for the buffalo from whom humans could take many lessons. I am 
certain you who have researched on this subject will agree. 

So to come back to the subject that I was talking about earlier, you may well ask me, why build 
up a capability in science and technology. Wherefore this need? And my answer to this question 
is the following. Analogous to what wasonce told me by a very great scientist, "you should have 
brains to pick brains"; you have to have the knowledge in order to understand what is going on in 
the world. Today, it is important that all of us have some of this scientific and technological 
knowledge, not only because we would then be able to understand what is going on in the world, 
but, mark you, because of the dangers that can arise by not understanding what is going on in the 
world around us. I don't have to tell you about the hazards caused by the dumping of nuclear 
waste, of chemical residues in foods. Nor have I to elaborate to an audience like yourselves the 
dangers to our third world agrarian systems, had Monsanto's "terminator gene" been allowed to 
go unchallenged. It is because some of our countries possessed the required knowledge, that they 
were able to avert what would have been a third world disaster, So it is important that scientific 
activity prevails in every country, at the frontiers of science where needed. 

There are reasons why we should be knowledgeable in the areas of science that is important to us. 
In today's context therefore building a science and technology capability in a country is no longer 
an option. It is a necessity. 

During the course of this morning, I have listened to presentations that impinged upon several 
disciplines, such as chemistry, food science, biotechnology etc. I began to visualise, that given the 
importance of the context of research on the buffalo, the interest within this country and the 
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international arena, the buffalo would be a good subject to commence a major research thrust, in 
this country. It is certainly one which would lend itself to building up research activity in several 
significant areas. 

Now you may yet wonder why I place so much significance in the building up of a research 
capability within a country, not only this country but for that matter any developing country. 
Developing countries are those that by the nature of things suffer from a weak science and 
technological infrastructure. They are those that are less able to support a vibrant research 
activity, and hence have to be selective in their investments on science and technology. 

I may digress here now, to tell you something more about the responsibilities of NASTEC as the 
apex body for science and technology in this country. We are, as I stated, the overall apex 
advisory body for science and technology in the country. However I must emphasise that we are 
not another bureaucracy. The Commission consists of six scientists and the chairman appointed 
by the President of the country. The support base of the Commission is the entire scientific 
community of the country. We draw on their expertise and services as required. 

Our present initiatives include the drawing up of a Science and Technology Agenda for National 
Development (STAND). We are to do this by way of a unique biennial conference on Science and 
Technology (BICOST I), which we are mandated to hold later this year. At this conference the 
participating scientists, a representative selection, will develop the future outline of the STAND 
which will then be presented for implementation to the President. 

The development of a science and technology capability within the country is of crucial 
importance, and hence our priority consideration? There are several reasons for this, in addition to 
those I have mentioned before. In the context of the globalised economic order of the day, the dice 
is loaded against the developing countries, particularly those with small populations and little 
natural resources like Sri Lanka. They have to compete with all the disadvantages of a weak 
science and technology infrastructure on a level playing field with the industrialised world. So the 
stronger the capability the better will be the prospect of survival. Their products will have to 
compete at international level. Hence we should gear ourselves to be able to absorb the benefits of 
international science as relevant to the case, develop competitiveness of our products and services, 
be able to determine the safety and efficacy of products introduced from outside and be able to 
benefit from a knowledge of the dangers of some of the new developments. 

In Sri Lanka unfortunately, since independence we as a nation have neglected the investment to 
develop our scientific base and hence the necessary infrastructure. We have not taken the example 
of neighbouring India, where the visionary Jawarharlal Nehru laid the foundation for the 
impressive Indian scientific capability of today. Our science and technology on the other hand is 
decrescent, from continued under investment. We have our human resources depleted by the 
migration of scientists away from the land of their birth. And in the context of today, there is no 
significant interest or investment by our private sector. 

So, one of the functions of NASTEC is to address this issue. We have to spring a vivid dialog 
with the Government as well as the Private sector and initiate action to remedy this unsatisfactory 
state. One method of such a dialog would be the mandated biennial conference (BICOST I) that I 
referred to earlier. We have to ensure that both government and the private sector act as partners 
to nurse, revive, and invigorate our scientific infrastructure and move towards the development of 
greater capability. We have also commenced some initiatives with a USAID consultant in 
sensitising the business sector to the fact that a strong science and technological set up will be to 
their own advantage as well. 

I am therefore uncompromising in my belief that the country should be committed to putting 
science and technology, innovation and design, at the core of our thinking and action if we have 
the desire to survive in the new millenium as a nation with an acceptable standard of living. 
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So I see the staging of international events such as the Ruffalo Congress just concluded, as an 
example of the necessary catalytic activities to bring about the desired thrust to science and 
technology. As I remarked before, the two things necessary for a country's science to thrive are 
these: interaction within the peers of the subject area, and a national commitment to develop a 
knowledge base. 

I am grateful for the opportunity to address you and share my thoughts with you. I congratulate 
the organizers on a successful venture and from our side I hope that this Congress will serve as a 
seed for the growth of a much wider scientific knowledge base in this country, from which we 
will be able to contribute even more to future congresses that you will surely have. 

Thank you. 
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EPILOGUE 

The Buffalo 

Nimal Sandaratne 

You despise me 
Call me ugly, foolish, dull. 
MY gaze, 
You call a vacant look. 

On muddy fields, I toil 
To chum and prepare the soil 
Your staple food to grow 
And feed you more. 

To tr'actors, I'm oft compared, 
'Cause I work so hard 
But on tractors you expend 
On fuel, repairs and spares to mend. 

You show no appreciation, 
That I've no capital depreciaton 
Compared to tractor, I excel 
As many more tasks I do as well. 

When I bring forth my young 
You wean and feed them less 
Then you squeeze my udder 
For milk and butter. 

My milk in fat content 
Is of a higher extent 
So from it curd you make 
And eat to your heart's content. 

Now you want from me more milk 
And research to find a trick 
A dull unsavoury brick 
Which makes me really really sick. 

Why oh why must you deny. 
My only natural joy 
Yourartificial insemination 
Is devoid of any consideration. 

To you scientists must I plead, 
To have some compassion on my breed. 
My mind is not so very dull 
Nor my hide too thick. 
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