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Abstract
The techniques of modern biology incorporates molecularngoaf genes, gene transfer, genetic manipulation of animatyem

transfer, genetic manipulation of rumen microbes, chemiudlbiological treatment of low quality animal feeds fopioved nutritive
value, genetically engineered immunodiagnostic and immunoprapicygents as well as veterinary vaccines, inter. &if course,
these are a reality today and are finding their waysriggearch and development programs of developing counti@scBnology is
offering unprecedented opportunities for increasing agriclilpwcaluctivity and for protecting the environment through reducediis
agro-chemicals. The major thrust in biotechnology researctuirently directed at solving immediate problems of indhiged
countries, with major investments coming from transnatiooaipanies. However, many of the new discoveries and prodilictsxd
their biggest markets in developing countries where thenfiat for improvement in agricultural productivity and hedtlgreatest. The
importance of biotechnology and its relevance is only slowitygoaccepted by policy makers in developing countries. In #msepce of
economic crisis, strong fiscal constraints, rapid $aiange and constant political instabilities, the diffiesl associated with major
policy changes in developing countries are enormous. In thisweve discuss the potentials and limitations for bioteldyical
applications in animal breeding and animal health, food psirtg and forage improvement in the horn of Africa.
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Introduction

“Responsible biotechnology is not our enemy; hunger and stareaoWithout adequate food supplies at affordable pricesamret
expect world health, prosperity, and peé&ce.
vt eeeene e oo NOrman Borlaug and former U.S. President Jimmy Carter

Africa for the largest part is still regarded as pathefdeveloping world and has a history of political insitgbihatural disasters, floods
and droughts that all had an effect on the development sfditle production systems and the potential application ofdhintdogies. It

is expected that the human population in sub Saharan Africexpiérience a growth of 1.2 % per year over the next 30 ydanse
there is pressure to increase sustainable productivity cftdisle®. Human populations not only depend on domestic animals for
production of meat, but also for milk, and other dairy prodwezgs and fibers like wool or cashmere as well as gilngroses such as
transport, draft, and provision of fertilizers, espegiafi developing countries. Besides, in some parts of thieafifarm animals
particularly cattle are symbolic of an individual’s wealth and status. As a result, demand for animal products is expected to grow
tremendously.lvestock systems occupy about 30% of the planet’s ice-free terrestrial surface aréaln developed countries, livestock
accounts for more than half of agricultural production, evfiil developing countries the share is about one-thildvestock ae
important in supporting the livelihoods of poor farmers in Saharan Africa and the same is true throughout the develogmirid *>®”
Furthermore, animal disease and veterinary public-health pmsbt®nstitute a major constraint to livestock productionl safe
utilization of animal products worldwicf¥. Large sums of moneyhave been invested by governments, non-governmental organizations
(NGO’s) and other donors into research and methods of control of livestock disease; howekieretare still major gaps in our ability to
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control a large number of these diseaSet is generally recognized that there is a lack of abiity of and access to veterinary
medicines and vaccines in many developing countries, lalietguse the US and European based animal health industries do no
believethere is adequate potential for return on investifeand that this is often due to lack of supply chains atidbal levd

11 Biotechnology has the potential to improve the productivigrifnals via increase growth, carcass quality and repioduinproved
nutrition and feed utilization, improved quality and safetyoafd, improved health and welfare of animals and reduced wWasiggh
more efficient utilization of resourced. It is now established that biotechnology is increasinghloiming a sustainable means of
improving livestock production by directly influencing animaklte, nutrition, reproduction, breeding and genetics. Therefihe
biotechnology of livestock production is growing faster than @ther sectors; and by 2020 livestock is predicted to becommadbe
important agricultural sector in terms of value-added codiityd. However, there are many who believe that Biotechnologyhbysa
very limited potential to alleviate poverty in rural Af@, because it does not address the main reasons fotypsweh as weak
infrastructure, bad governance and unfavourable terms of &mademost importantly African farmers still depends on thagel
knowledge for farmind®. Looking at the main characteristics of the predominantlyissnale animal farming in Africa, the potentials
and limitations for biotechnological applications in adifmeeeding and animal health, food processing and forageoimment in the
horn of Africa are discussed.

Horn of Africa: Horn of Africa denotes the region containing the countridsritfea, Djibouti, Ethiopia & Somalia and is inhabited by
roughly 100 million people. Large parts of the Greater Homflo€a Region, and particularly pastoral and agropastoealsan northern,
eastern, and southeastern Kenya, southeastern and northeastgia,Edbuthern Somalia and most of Djibouti have suffereltipieu
shocks between late 2005 and 2007. These shocks include droughlisigflamnflict and civil insecurity, Rift Valley Fever R),
border closures and market disruptions, and have affectedifttient groups to varying degrees. Continued drought haalstiing
effect for the last several months, thougignificant improvement is now note. However, it id stitimated that 8.1 million people are
still in need of assistance. The Food and Agriculture Qzgtion (FAO) thus extends a continued appeal to the interratcommunity
for $50 million to be able to continue efforts to improve tonditions in these areds Famine is not a new development in the horn of
Africa % the question is how are African governments going to resipoiddually and collectively? When will the African Cornucapi
stop being a figment of global imagination and returregdity?

Animal biotechnology: Biotechnology has been practiced since the beginning of ahisbhndry. Animal biotechnology encompasses
a broad range of techniques for the genetic improvement afstimated animal species, although the term is increasingbciated with
the more controversial technologies of cloning and genagineering'®. Genetic modification of animals was first achieved withemic
in 1980 and of cattle, sheep and pigs by about $88Bnimal biotechnology includes artificial genetic modificatiof all animals:
livestock, poultry, fish, insects, companion animals and &by animals®® In the developing countries, application of animal
biotechnology is essential to improve animal production armbtgerve the indigenous animal genetic resources. Spéyifianimal
reproductive biotechnologies will be useful in augmenting reptaycimplementing embryo transfer and related technologies,
diagnosing diseases and controlling and improving nutrient hiliyla Applications developed through research have led to the
emergence of three scientific agricultural animal bimetogy sectors: animal genomics, animal cloning and geeetjimeering of
animals.Despite potential outcome from animal biotechnoltiygre are a number of controversies regarding sevezat af the
application of animal biotechnology. Some people hold thatdttizally questionable to transfer genes from one spéaianothert®.

This attitude is sometimes grounded in a religious beligfithmankind should not violate boundaries set by God, and so thiafline

reasoning is usually referred to as the ‘playing-God argument’ 2> %! If we concentrate only on the benefits of human beintgrins of
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the consequences, possibly we will not find any problem idatvever, there are also dark side of biotechnology (dlsawesf animal
biotechnology), which cannot flight away our insight. A numbegtbical experts have realized the adverse effetiofdchnology.
Overview of available biotechnologies: Livestock production is multifaceted requiring that animbéds nursed, fed and bred in a
sustainable manner to enable consistency in food production pre-industrialization agriculture, production depended eptival
natural soil fertility and climatic conditions. Nonetheleiss still widely believed that the major market foiotechnologies lies in
developing countries where food security is an urgentigrio’ >* 2° It is rather difficult to rank the most urgent aré#oous with

respect to animal production in developing countries. Howewemal health, nutrition and breeding have been cited aarkay that if
improved will result in large scale economic impact.

Animal Health: Animal disease is a major social and economic problemsadhe globé®. Diseases can lead to animal suffering and
distress, reduced performance, and possibly even death. Coneénteans of controlling major livestock disease inctidemotherapy,
vector control, vaccination, slaughter of infected stock ether managemental practicEs Successful control of a disease requires
diagnosis. This has been greatly improved in recent yeansgtindevelopment in biotechnology Improving animal health reqbégesr
control of animal diseases and biotechnology has been helphisirespect as it has led to the development of qualityerga such as
monoclonal antibodies and recombinant antigénishe biotechnologies in animal health have been developadiimber of areas that
include transgenesis, disease prevention, diagnosis, émataamd controf® % Disease prevention is probably the most active fadulty
animal heath technologies that has resulted in the devetbmheaccines. Immunization remains one of the most ecocabmeans of
preventing specific disease. Although other methods of diggasention and control such as vector control and quarargneidely
applied, vaccination still remains comparatively a sustagnadglans of providing health, since the cost implicatioreofor control and
guarantine is a limiting factor. Table 1 summarizeseswatcines developed by recombinant DNA Technology.

To control disease in many parts of Africa, howeverptioblem is not how to develop new, more effective diagooséthods, vaccines
or drugs. Rather, it is their availability of local léve

For this, more effective organizational structuresetéxinary services are more important than further refemérof diagnostic methods
or better vaccines. More effective services also imcloommunity-based animal health workers, who live in thestock-keeping
communities angrovide the local animals with inexpensive “first aid” *° Disease resistance benefits not only livestock prodacets
their animals, but consumers also benefit as a ressidfef animal products in the market place, and a reducti the incidence of
human-transmissible diseases such as influénza

Animal nutrition: Animal nutrition has for a long time provided one of the gstatballenges to animal production with limitations
arising from both quality and quantity. Animal nutritionistwéaeveloped biotechnologies to improve nutritive valuededs$, enhance
digestibility and acceptability and removal of anti-nutstfactors from feeds especially for ruminant aninfalsow-quality forages are

a major components of rumen diets in the tropics. Thus, madnegss can be made by improving the forage componehtoftion

% In animal nutrition, the biotechnology can improve the planeutition through protection of protein, amino acidis*and fat®®, use

of enzymes to improve the availability of nutrients frimad and to reduce the wastage of the feed and fodder,qirestaind pro-biotics
or immune supplements to inhibit entepathogenic bacteria, use of plant biotechnology to produce feed and fodder with good
nutritive values can be done with ease, addition of vaccines or antbadifeeds can be used to protect the animals from thesdjsea
genetic manipulation of rumen microbes to improve the ahhmalth. Feed constitutes a major portion of the #ahal production
costs. Thus, efficient utilization of feed to produce tnedlk and eggs can therefore significantly reduce olvenaduction costs.
Certain nutritional areas that require attention in this phréfrica are as follows: 1.Increasing digestibilioy low-quality forage
2.Improving nutritive value of cereaBsRemoving anti-nutritive factors from feedsmproving nutritive value of conserved feed.
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Animal breeding and genetics.Genetic improvement of livestock depends on access tdigesmeiation and effective methods for
exploiting this variation. Genetic diversity constitutdsuffer against changes in the environment and is a keyaotiei and breeding

for adaptability and production on a range of environm&ntn developed countries, breeding programmes are based ufmmpace
recording and this has led to substantial improvements inaipiraduction. In horn of Africa the distinct disadvantagesséiting up
successful breeding programmes are: infrastructure needpdrformance testing is normally lacking because herd sigescamally
small and variability between farms, farming systems aadans are large; reproductive efficiency is low, du@lgngo poor nutrition,
especially in cattle; and communal grazing precludes impletiemt of systematic breeding and animal health programmes.
Reproductive biotechnology provides means whereby reproductifermance may be modified at a number of poffitsSThe main
objectives of using reproductive biotechnologies in livestarek to increase production, reproductive efficiency and m@tegenetic
improvement. Various biotechnology methods are used in improving the brestiiol of animals. These include artificial insemination
(Al), embryo transfer (ET), and associated technolodegproductive technologies can also be used to control repredieases if
procedures and protocols are accurately folloWed

Artificial Insemination: One of the earliest perfected technologies is artificisemination (Al) where new breeds of animals are
produced through the introduction of the male sperm from @peri®r male to the female reproductive tract withoutimga Al reducs
transmission of venereal disease, lessens the neednsf fa maintain breeding males, facilitates more aceusstording of pedigrees,
and minimizes the cost of introducing improved genéficS Progress in semen collection, dilution and cryopresinv now enables a
single bull to be used simultaneously in several countoiesid to 100, 000 inseminations a yéaThough Al is widely available in
developing countries it is used far less, particularly incAf than in developed countries. Its use has been limitesl\ldcg 'exploratory”
purposes mainly by research institutions. A few countrielsiditgy Botswana, Ethiopia, Ghana, Malawi, Mali, Nigeisgnegal and
Sudan have taken the technology to the field, mostly for progemnof "upgrading” indigenous stock and as a service toi@dim
number of commercial farmers keeping exotic dairy cattteds. A few others have used the technology more wilelyya and
Zimbabwe, for example, have elaborate Al systems which inclatienal insemination services incorporating progeny testthgmes

% In Ethiopia, genetic improvement through crossbreeding hasib&oduced through development and research projects duritegthe
four decades. The distribution of crossbred heifers, thégpoa of artificial insemination service and setting ugbofl service stations
were major components of the development projects. Asdtetl by** through the effort of these projects, Ethiopia has built berd

of more than 120 thousand cattle with exotic inheritance. Hawswee cattle breeding are mostly uncontrolled in Ethiaparopriate
bull selection criteria have not been established appliedamitbied which makes genetic improvement diffictiltOn the other hand,
artificial insemination (Al), the most commonly used antiable biotechnology® has been in operation in Ethiopia for over 30 years.
Nevertheless, the efficiency and impact of the Al ofenatas not been well-documentéd

Embryo Transfer: After Al and estrus synchronization, embryo transfer)(&Tthe third-most commonly used biotechnoldGy
Embryo transfer from one mother to a surrogate mother srinkessible to produce several livestock progenies &@uperior female.
Selected females are induced to super-ovulate hormonallyaechinated at an appropriate time relative to ovulation démgon the
species and breed. Embryo transfer increases reproduetiveof selected females, reduces disease transfer,aailithtes the
development of rare and economically important genetikstas well as the production of several closely relatetigenetically similar
individuals that are important in livestock breeding resedrbh.International Embryo Transfer Society (IETS) estmdhat a total of
approximately 550,000 in vivo derived bovine embryos, 68,000 shekryes, 1,000 goat embryos were transferred worldwide in 2004
6 However, embryo transfer is still not widely used desipit potential benefits. In developing countries this ismipaiue to absence of
the necessary facilities and infrastructure. An evaluatforoontry reports'’ shows that only five of the African countries providing

information (Cote d’Ivoire, Kenya, Madagascar, Zambia and Zimbabwe) use ET technology, all on a very limited scale. The use of ET
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has also been independently reported in South Affidaven in developed countries, cost considerations still theiuse of commercial
embryo transfer in specialized niches or for a smajpgrtion of best cows in the best herds.

In-vitro Fertilization: In case other artificial reproductive techniques fail dudifficulties such as blocked reproductive systems, non-
responsive ovaries in the females, marginal sementgaald quantity in the male, and presence of disease, in eitilizhtion (IVF) is
used. The fertilization of the sperm and the egg is conducted in vitro (outside the animal’s body) at specific environmental and
biochemical conditions. With in vitrtertilization (IVF), a technician removes unfertilized eggs (oocytes) from the donor cow’s ovaries,
usually recovering 6-8 useable oocytes. The oocytes matareincubator and are fertilized with sperm. The resuftyugptes incubate
and develop in the laboratory before being placed into thgieat cow®. IVF facilitates recovery of a large number of embryosif a
single female at a reduced cost thus making ET technigoesmically feasible on a larger scale.

Semen and embryo sexing: Although these biotechnologies do not dramatically increlasedte of genetic gain, they can increase
production efficiency. At a research level, they are beingldped and refined in a number of research institutions inlojgng
countries. However, with few exceptions, they are not hyidsed by breeders or farmers in developing counffic3exed sperm is
commercially available in several developing countriesyétiog Argentina, Brazil and Chirf§ *°

Animal cloning: Cloning technology is already being used commercially in qmmts of the world for the replication of elite breeding
animals, mostly cattle and also pigs, which are used thupeocanimals farmed for food productidnThe birth of Dolly in 1996, the first
animal cloned from an adult cell, was not universally lmeleed. Critics of biotechnology worried that geneticafigdified livestock
would fill the supermarket with identical copies of someone’s idea of unnatural perfection. Up to 2004, about 1500 calves had been
produced through somatic cell nuclear transfer (SCNT), sn&inEurope, North America, Japan and New Zealand, butimlSouth
America and Asi&?. China produced the first cloned buffalo in 2004 and India folfoswét in February 2009. At present the production
of cloned animals is at the experimental stage in mostafgrg countries.

Sustainable management of animal genetic resources: The genetic diversity of livestock is in a state of declglobally. Genetic
erosion of domestic animal diversity has placed 30% ofwttiéd’s breeds at risk of extinction °2 and the risk status of a further 36
percent cannot be determined owing to the absence of inforfatDf particular concern are the high rates of loss of indigemoeeds

in developing countries, which, coupled with inadequate progranionehe use and management of the genetic resourcesyasvely
impacting on livelihood options for the podf. Therefore, effective management of farm animal genetsources requires
comprehensive knowledge of the breeds‘characteristics, including data on population size and struaeagraphical distribution, the
production environment, and within- and between-breed gedigécsity *>. In much of the literature on conservation of farm animal
genetic resources, conservation methods are broadly graopedn situ, and ex situEx situ conservatiorapproach includes:
maintenance of small populations in domestic animal ;zopgpreservation (deep freezing) of genetic materieimén, oocytes,
embryos, DNA). Cryopreservation of gametes, embryoBNA segments can be quite an effective and safe appfoadireeds or
strains whose populations are too small to be conservedybgther means. In in situ conservation method the animalkegt in the
original production environment. This can also be done intays: on farm or community based.

Future challenges: Currently, more than enough food is produced to feed the world’s population of over 7 billion inhabitants. However,
still about one in six people in developing countries sufiens chronic hunger®. The constraints and limitation of biotechnology in
animal production in developing countries are due to fastach as the poor conditions of the human population in such cauthizie
include poverty, malnutrition, disease, poor hygiene and unemplay’. In other words, the progress of biotechnology applicatins i
hampered by physico-edu-medico-socio-economic situatiothe afeveloping countries especially, in the African worldcakding the
same source, the major constraints of animal biotechypolludes:1. Insufficient access to land and other productiseurces 2.
Unfavorable terms of trade for food products, especiatlpfmal products 3. Lack of database on livestock and apinrers in most
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of the developing world 4. Uniqueness of animal breedsvieldiging world 5. Lack of trained scientists, techniciand field-workers

6. Absence of coordination between industry, universities aatitutions for technology transfer 7. Expensive technologpeo
purchased from developed world 8. High cost of technological input. Poor bio-safety measures of biotechnology developed in
developing countrieslO . Negligible investment in animal biotechnology in Afritd. Lack of clear policy and commitment from the
governmentl2. Disregards for indigenous knowledge and local agrielilteasources management.

Based on these identified problems facing biotechnology,otteving supportive actions were suggested by the Internatioffiae of
Epizootics member countries: Qrganization of campaigns to inform the general public aboutdhge of biotechnology 2Assistance
with education in biotechnology of the future working force tstddng conferences and exchange programs between countries.
Perspectives: In all circumstances, biotechnologies development and useeedié involvement of stakeholders in a systematic design
to enhance research and development as well as transferlbtéehnologies to target groups. Government and Nationatuhigiral
Research Systems (NARS) are responsible for a majofityhe processes required to successfully develop and tramdderrt
biotechnologies. To deliver biotechnologies for use by tapgrips, there is need for cooperation between GovernhM&RIS and agro-
chemical companies. In context of Africa, use of biotechnotmgy be greatly enhanced through strategic partnerships wigtoped
economies where such technologies are well establistesgiever, biotechnology development and adoption requires a éwgh of
commitment to research and development. Therefore, thexeed to develop scientific capacity through local unitessand research
institutions for development of own technologies and dealing withnologies offered by the developed countries. Recentlg som
authors have remarked that explorations / researches atutaolievel may also be useful in maintainance of geuétarsity>®.

Livestock production is expected to grow tremendously in line hittptojected demand for animal products. Therefore, the methods of
livestock production must change to allow for efficiency androvement in productivity. Biotechnology is important if therld is to
respond to the pressure to produce more food from animateefa@ver-growing human population. In a nutshell, investing inanim
production and biotechnologies is a must because it can briraj sostainability, economic prosperity, food security safity, rural
wealth creation and health improvements especially to populations in the developing countries. In general, biotechnalogy
livestock production can be categorized as the biologicamiché and physical techniques that influence animal healthiyal)v
nutrition, breeding and reproduction. These techniques have be@dappktly in developed countries but their application incAfis
minimal due to reasons related to economic growth suplo@sinfrastructure, technical and educational capacity. Howéfiéca can

still benefit from tailor-made technologies that simplifymplex techniques into applicable form through strategic gawkaPublic
concerns on food safety, environment and ethics aresgkat cannot be ignored.
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Table 1: Example of some novel animal vaccines

Species Disease Producer
Avian Coccidiosis, Genex and A.H. Robins
I Newcastle virus ” Codon and Salsbury labs |
Bovine Papilloma virus Molecular genetics
| Viral diarrhoea || California Biotechnology |
| Brucellosis || Ribi ImmunoChem |
Rinderpest USDA and University of California, Davis
Swine Parvovirus Applied Biotechnology
I Dysentery ” Codon |
Equine Influenza, Herpes California Biotechnology
I ” Applied Biotechnology |
Companion H Canine parvovirus ” Applied Biotechnology ‘
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