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ABSTRACT

The current world population is about 6 million @h@ excepted to increase to more than 8 milbgn
the 2025 at an alarming rate of 80 million/year%®6f which will occur in the developing world). On
average about 0.8 billion of the global populateme food insecure, and about 400,000 die from
hunger-related causes everyday. The situationim gr Africa. With the highest growth of 3.1%,
Africa’s population is over 550 million today ansl projected to increase tol1.3 billion in the next 2
years. Nigeria is not left out in this, with a pdgtion of over/150 million major of its populatioabout
75% live in rural areas fighting food insecuritypverty and deprivations. The challenges today ave h
to prepare for the unprecedented levels of globpufation and ensure that our teeming populatian ha
access to food at all times and to produce focal sostainable way. To meet this projected populatio
need for food, crop food production must be doubilexin 2-4 billion metric tons/year. This increase
production will primarily come from increasing bigjfical yield and not only area expansion and
irrigation because land and water are becomingestiae to population increase. The response tasthis
to harness all instruments of sustainable agricailtyrowth and agricultural biotechnology is onetsu
instrument. Biotechnology has the potential to ptewvnew opportunities for achieving enhanced crop
and livestock productivity, and improve food setudnd nutrition. It provides tools for adaptingdan
modifying the biological organisms, products preessand systems found in nature. It provides a wide
range of tools for industry to improve cost andimmmental performance. This paper thus reviewed
areas bhiotechnology could support for industriavgh and ends with strategies for effective use of
biotechnology in Nigeria.
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INTRODUCTION

Poverty eradication and food security have movethéocentre stage of the global development ageriuese
are the greatest global challenges and their redseasn indispensable requirement for sustainageldpment
in developing countries, particularly in Africa (Bo and Ahenkan, 2002; WSSD, 2002). The world’s éesd
pledged their commitment to eliminate hunger, mation and to halt global poverty by 2015 at theoid
Food Summit (WFS, 1996) and the Millennium Summmit 2006. At the World Summit on Sustainable
Development (WSSD) held in Johannesburg in 20@2jrtternational community reaffirmed its commitmamnt
develop national and local programmes for sustdéndévelopment, poverty eradication and food ségufihe
AU/NEPAD strategy for 2010-2015 also emphasizeseptyvalleviation and putting African countries dret
path to socioeconomic development. Despite thesenttiments, the last decade has witnessed an imgteas
poverty level, especially in most African countries

Worldwide, 854 million people still remain hungryida undernourished, of whom 820 million live in the
developing countries (FAO, 2006). In one-third diriéan countries, the mean daily calorie availapilper
capita is below the intake level of 2350 caloriesommended by FAO (2000). In addition, almost twiioh
people in the developing world suffer from iron idiefincy, 140 million people experience iodine dieficy,
and 140 million children experience vitamin A dédiecy. As a result of low food availability and fwand
poverty, about 200 million people in Africa are endourished or unable to meet their daily dietamgrgy
requirements including 31 million children underefiyears of age, one in three of whom suffers froemtal
retardation, blindness, and other illnesses brooghby malnutrition (Mallaby, 2002). Although sordata
indicate that the global prevalence of child maiition has declined significantly in the last 25y in Africa
the reduction of malnutrition is much lower comphte other continents (De Orgsal., 2004),
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Today, extreme poverty ravages the lives of oneviery four in the developing world (OECD, 2001).dt
estimated that over 180 million people living irtrexne poverty are found in the rural areas of Afrfevorld
Bank 1996). This number is expected to exceed 30mby 2020 (Amoako, 1999). About 80 % of all
Africans live on a daily income of less than US&rl nearly half struggle to survive on US$ 1 a dajess.
Rural people strive to feed themselves, while ttn population spend more than 70% of its earnimgfood,
leaving only 30% for other minimum basic needs sagthousing, education, health care, water anthoed
(Roy-Macauley, 2002).. Hunger, poverty and maltiotmiare the main factors interacting to createmormous
set back to socio-economic development, espediatlye rural areas of Africa.

The agricultural sector is the largest contributothe economies and livelihoods of many Africanrtoes. It
accounts for 35% of the continent’s gross domegtmduct (GDP), 40% of export earnings and 70% of
employment and it is expected that reliance onrahtesources will remain high at least for thetrgeneration
(Dione, 2002). Over the last two decades Africa hdmessed a considerable decline in agricultural
productivity, with the annual agricultural growthte falling from 2.3 % in the 70s to 2.0 % betwd880 and
1992 (Roy-Macauley, 2002). The average yield fojomfod crops such as maize, rice and sorghumgdstat
1.5 tons/ha, compared to 4.9 tons/ha for Chinagédons/ha for the USA (Roy-Macauley 2002). Sorhthe
most important factors limiting agricultural prodiway in Africa include small size of farms, inagieate water
resources, poor crop varieties and livestock breaidsic and abiotic stresses, poor livestock ferdgadequate
use of agro-inputs, poor rural infrastructure, e@uhte technological base, poor marketing systeradequate
financial resources and weak enabling policy emvitent.

With an increasing population and poor performingi@ulture aggravated by invasive pests, weeds] lan
degradation, erosion, droughts and the effectéimite change, Africa faces one of the biggestlehgks of its
time - assuring its increasing population of a ausible food supply (Mataruka, 2009). African paiain
growth rates remain among the highest in the wakbdpite the projected increases in mortality tagyufrom
infectious diseases, Africa’s population is prelseestimated at 840 million and is projected tor@ase to 1.75
billion by 2050 (FAO, 2006). While population growasa rate of 3.5 % per annum, food productiondase is
2.5 % or less depending on the country. As a rékalper capita food production in Africa has bdenlining
while the rest of the world has experienced aneiase (FAO, 2002).

The most important global challenges today are:
a) To comprehend and prepare for the unprecedentetslefglobal population,
b) To ensure that this population has access to fo@dléquate quantities at adequate prices, evergwher
at all times and,
c) To produce this food in a way that does not dedtineynatural resources on which we all depend. The
last two components combined form the challenggustainable food security.

The challenges we are facing today are both teolgizd! (requiring the development of new, high prctility,
environmentally sustainable, production systemg] paolitical (requiring policies that do not disciimate
against rural areas). An essential aspect of thporese to these challenges is to harness all instits of
sustainable agricultural growth; and agriculturiatéchnology is one such instrument (Serageldif919

Biotechnology is the use of living organisms ortpahereof, to provide useful products for the Hiéraf
humans. In other words, it is the use of biologmalcesses to achieve specific purposes. Bioteohgat not a
new science; it is as old as humans. The procedédesmentation, brewing, food processing (bread emeese
making) and traditional vaccines were being practisince the existence of humans. These are Golibct
classified as traditional biotechnology.

Modern or advanced biotechnology constitutes:

a) Conventional biotechnology - which does not involtransformation of organisms or genetic
manipulations. This includes tissue culture androafiropagation, plant disease diagnostics, molecula
breeding and marker assisted selection, animalygtmh technologies, vaccine production, use of
biopesticides, biofertilizers, bioherbicides, etc.

b) Gene manipulation - modern biotechnology that imgsl transformation of plants, animals and
microorganisms to produce improved crops and fanimals through genetic engineering. These
transgenic varieties are known as Living Modifiedg@nhisms (LMOs), Genetically Modified
Organisms (GMOs) or Genetically Improved Organi¢@EOs).
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Safe and proper use of biotechnology can play qoitant role in:
a) Improving food production and hence attaining feedurity.
b) Improving economic growth and alleviating poverty.
¢) Providing food with improved nutritional value (Imgve human health)
d) Providing environmentally safe and sustainablecadfrire.
e) Cleaning and safeguarding the environment (Bioréatiec).

Biotechnology has been found to provide new oppities for achieving productivity gains in agriauié.
Many scientific studies have concluded that thamse of biotechnology as an instrument of develariies
in its capacity to improve the quality and quantity crops and livestock, swiftly and effectivelyeport
prepared by Kendalit al., (1997) stressed that the time required to idergifgd eliminate unfavourable traits
through traditional crop breeding is greatly redubg the use of genetic engineering techniques.

The application of biotechnology can create plahtst are more resistant to drought and soil aciditg
Stalinization. These attributes are critical to tlevelopment of agriculture in the poorest areasrevisoils are
poorly endowed, Additionally plant characteristican be genetically altered for earlier maturitycraased
transportability, reduced post harvest losses, mmgroved nutritional quality. Vaccines against dises
afflicting livestock are already important produofdiotechnological research (Morrison, 1999).

THE ROLE OF BIOTECHNOLOGY IN ATTAINING FOOD SECURN

Biotechnology can make a major contribution to fawl feed security and to the alleviation of hunged
malnutrition, which claims tens of thousands oé#weveryday in the developing countries of Asiajcafand
Latin America. Since the last few decades, Biotefimy tools are increasingly being applied to crepsl
livestock-related needs of importance to develogingntries. They often provide the only or besbltof
choice’ for improving the genetic component of agliural productivity.

GM crop commercialization started in 1 996 and Gnygars time (1996 to 2005), a total of about 475an
hectares of GM crops were planted globally which the expectations of millions of small and largeniers in
both industrial and developing countries (Table@M crops delivered significant agronomic, envireamtal
health and social benefits to farmers and to glaioaiety and contributed to a more sustainablecalguire.
Most of the early products of agricultural bioteology focus on crop protection. In 1998, transgenaps that
are herbicide tolerant covered about 19.8 milliecthres. Use of herbicide tolerant varieties gyefattilitates
weed control using certain types of herbicide arahtly reduces the amount of herbicide appliedhéocrop for
effective weed control. This also enables farmemnbploy soil conservation practices such as minirtiliage,
which reduces soil erosion (Serageldin, 1999).

Table | Global area of biotech crops ‘Modified aftéames, 2005)

Year Hectares (Million)
1996 1.7
1997 11.0
1998 27.8
1999 39.9
2000 44.2
2001 52.6
2002 58.7
2003 67.7
2004 81.0
2005 90.0
Total 474.6

Another focus of agricultural biotechnology reséaveas on increased plant resistance to pests. Aigpto
Serageldin (1999), an estimated 7.7 million hestavere planted in 1 998 to transgenic crops wittoduced
genes that produce substances toxic to targettipssts. The use of pesticides has dropped in astag these
crops, a positive impact not only on farm income hbiso on the environment. Since 1996, pesticide
applications have been reduced by 1 72, 000 ntetnie as a direct result of the use of biotech crépe use of
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GM soybeans has been one of the largest contribuiorreduce pesticide applications, accounting for
cumulative reductions of 41,000 metric tons (Moriea2005). Australian farmers used 50% fewer pielic
applications on 8t cotton (Fitt, 2003).

Table 2: Global status of biotech crops in 2005

Country Area (million ha) %
USA 49.8 55.3
Argentina 17.1 19.0
Brazil 9.4 104
Canada 5.8 6.4
China 3.3 3.7
Paraguay 1.8 2.0
India 1.3 1.5
Others 1.5 1.7
Total 90.0 100%

In 2005, global area of biotech crops reached 90lomihectares, representing an increase of 11% 2004
equivalent to 9 million hectares (Table 1). Rembhkathe global biotech crop area increased maaa §0-fold

in the first decade of commercialization. It is ewbrthy that the top 5 countries include two indast
countries, USA and Canada and three developingtdesnArgentina, Brazil, and China (Table 2). Tdiebal
area of biotech crops grown by developing countigsincreased every year from 14% in 1997 to 382005
(171% increase) (James, 2005). The main traits atributes of commercial GM crops include herbicide
tolerance (77%), insect resistance (1 5%) and bigbitolerance and insect resistance, combined (8&&hes,
2005). The commodities that dominate the globatiduio market are given in Table 3.

Table 3 Commaodities that dominate global biotechkeiz

Commodity Area (million ha) %
Soyabeans 54.4 60
Corn 21.2 24
Cotton 9.8 11
Canola 4.6 5

The majority of agricultural scientists anticipajeeat benefits from biotechnology in the comingatiss to
help meet our future needs for food and fibre. @m@mercial adoption by farmers of transgenic ciugsbeen
one of the most rapid cases of technology diffusiothe history of agriculture. Between 1996 an®9,%he
area planted commercially with transgenic cropsiha®ased from 1.7 to 39.9 million ha. (James }988the

last 20years, biotechnology has developed valuabige scientific methodologies and products, whickede
active financial and organizational support to grihem to fruition. So far, biotechnology has theagest
impact in medicine and public health. However, ¢hare a number of fascinating developments that are
approaching commercial applications in agriculture.

Transgenic varieties and hybrids of cotton, maiad potatoes, containing genes fr@acillus thuringiensis
that effectively control a number of serious ingeests, are now being successfully introduced cawialy in
many parts of the world. The use of such varietws greatly reduce the need for insecticides, Bganic
wheat with high gludehydrogenase, for example,dgél up to 29% more crop with the same amount of
fertilizer than did the normal crop. Transgenicrdathat can control viral and fungal diseasesatenearly as
developed. Nevertheless, there are some promisimg@es of specific virus coat genes in transgeaiteties

of potatoes and rice that confer considerable ptiote. Other promising genes for disease resistanedeing
incorporated into other crop species through transgmanipulations. Rice is the only cereal that inamunity

to the Puccinia specie of rice. Imagine the beséfithe genes for rust immunity in rice could bansferred
into wheat, barley, oats, maize, millet and sorghiiime world could finally be free of the scourgerosts,
which have led to so many famines over human histGonsiderable progress also has been made in the
development of transgenic plants of cotton, maiileged rape, soybean, sugar beet, and wheat teldrance

to a number of herbicides. The development of tipdesats could lead to a reduction in overall hedsaise
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through more specific interventions and dosages.dity will this development lower production cgstsalso
has important environmental advantages.

Good progress has been made in developing cereigtiga with greater tolerance for soil alkalinityee
aluminum, and iron toxicities. These varieties idllp to ameliorate the soil degradation problehzs have
developed in many existing irrigation systems. Ehearieties will also allow agriculture to succaadacidic

soil areas, thus adding more arable land to thieagproduction base. Greater tolerance of abiotieene, such

as drought, heat, and cold, will benefit irrigatadas in several ways. We will be able to achiewesrarops per
drop by designing plants with reduced water regqoésts and adopting between crop/water management
systems. Recombinant DNA technique can speed ugetrelopment process.

There are also hopeful signs that we will be abletprove fertilizer-use efficiency by geneticaéngineered
wheat and other crops to have high levels of glecdhe power of genetic engineering to improve the
nutritional quality of our food crop species isalsmmense. Scientists have long had an intereghfmoving
maize protein quality. More than 70 years ago,aeseers determined the importance of certain amaids for
nutrition. More than 50 years ago, scientists begaearch for a maize kernel that had higher levkels/sine
and Tryptosine, two essential amino acids thanarenally deficient in maize. Thirty six years agoijentists at
Purdue University (West Lafayette, IN) discoveredlaury maize grain from the South American Andean
highlands carrying the opagite-2 gene that had niigher levels of Lys and Trp. But as is often tase in
plant breeding, the highly desirable trait turned  be closely associated with several undesrahkes. The
dull, chalky, soft opaque-2 maize kernels yieldédb6lto 20% less grain weight than normal maize grain
However, scientists from the international maizal avheat improvement center (Mexico city) who were
working with Opaque-2 maize observed little islanfisranslucent starch in some opaque-2 endospésgisg
conventional breeding methodologies supported bydrahemical analysis of large numbers of samples,
scientists were able to slowly accumulate modifienes to convert the original soft opaque-2 endospeto
vitreous, hard endosperm types. This conversiok taarly 20 years. Had genetic engineering tectasidieen
available then, the genes that controlled high &gd Trp could have been inserted into high-yieldiagd-
endosperm phenotypes. Thus through the use ofigegtineering tools, instead of a 35-year gestatieriod,
quality protein maize could have been availablenjorove human and animal nutrition 20 years earlier

Recently, scientists from the Swiss Federal Ingtiaf Technology (Zurich) and the Internationald&RiResearch
Institute (Los Banos, the Philippines) have sucedead transferring genes into rice to increaseqihaities of
vitamin A, Iron, and other micronutrients. This warould eventually have profound impact for millgoof
people with deficiencies of vitamin A and Iron, sasa of blindness and anemia respectively.

Because most of the genetic engineering researdteiisy done by the private sector, which patergs it
inventions, agricultural policy makers must facpadentially serious problem. How will these res@spoor
farmers of the world be able to gain access tgthducts of biotechnology research? How long ardkumwhat
terms, should patents be granted for bioenginepreducts? Furthermore, the high cost of biotechmplo
research is leading to a rapid consolidation in alaership of agricultural life science companiksthis
consolidation desirable? These issues are matbersefious consideration by national, regional ghabal
governmental organizations

National governments need to be prepared to worth vand benefit from the new breakthroughs in
biotechnology. First and foremost, governments negtiblish regulatory frameworks to guide the mestind
use of genetically modified crops. These rulesraggilations should be reasonable in terms of ngksion and
implementation costs. Science must not be hobbjedxsessively restrictive regulations. Since muthhe
biotechnology research is under way in the privagetor, the issue of intellectual property rightasimbe
addressed and accorded adequate safeguards bgahaj@mvernments.In addition to advanced biotechmplo
techniques, the contributions of Tissue Culturehihégue to agriculture, especially in mass multilion of
improved crop varieties for rapid disseminatiorigoners, cannot be overemphasized.

Biotechnology, Food Security and Nigeria Vision 202

Food security refers to the availability of fooddamne’s access to it. A household is considered fecure
when its occupants do not live in hunger or feastafvation. World-wide around 852 million men, wenmand

children are chronically hungry due to extreme pbwewhile up to 2 billion people lack food secwyrit
intermittently due to varying degrees of povertA(@; 2003). As of late 2007, increased farming fee in

10
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biofuels, world oil prices at more than $100 a ékrglobal population growth, climate change logs o
agricultural land to residential and industrial diepment and growing consumer demand in China adih |
have pushed up the price of grain. Food riots magently taken place in many countries across trdw

It is becoming increasingly difficult to maintaimdd security in a world beset by a confluence dafaly
phenomena, namely peak oil, peak water, “peak gramd “peak fish.” More than half of the planet's
population, numbering approximately 3.3 billion pkn lives in urban areas as of November 2007. Any
disruption to farm supplies may precipitate a uelgwrban food crisis in a relatively short timén€Tongoing
global financial meltdown has affected farm credisspite a boom in commaodity prices.

A direct relationship exists between food consuoptevels and poverty. Families with the financedources
to escape extreme poverty rarely suffer from clordninger; while poor families not only suffer theshfrom
chronic hunger, but are also the segment of thellptpn most at risk during food shortages and fesi

Nigeria is yet to achieve food self sufficiency afesbd security, spending about $3 billion on fomadport
annually. Our agriculture is still at subsisteneeel, with low productivity and poor return on irsteent. To
complement our food supply, the country is stilglely dependent on imports of wheat, rice, sugalk emd
many other food items. However, it is aimed thathi@ medium term substantial import substitutioouth be
achieved for rice, sugar and wheat. To achieve sefficiency, specific targets have been estimdtad
achievement in the intervention period (2008 - 2014 deliberate programme to develop/acquire and
disseminate improved technologies, including bibtexdtogy to our farmers is certainly one of the tetgées for
achieving the set targets.

The attainment of food security is sine quo nore @me of the basic objectives for any nation. k lirerarchy

of needs, food is crucial as it ensures one offitls& order conditions, namely, survival. Agricukuis the
primary means by which man has satisfied the requént for food and nutrition. With increasing paign
growth, the trend has been to bring more land undkivation and this requires the cutting dowrboth forest
and grass lands for agricultural production. Adtimal biotechnology therefore holds great potdstim
addressing the issue of food security in the fdgeopulation growth, among other things. Other ésswhich
agricultural biotechnology has the capacity to addr include land use, deforestation, environmental
degradation, erosion, flooding, etc.

The benefits of agricultural biotechnology are quitide and varied. For instance, the need to alitbann large
swaths of grassland may be reduced or even eligdnlirough crop varieties that have been gensticall
modified to be herbicide-resistant. Similarly, theessure to open tip more lands for cultivationgisatly
reduced and sometimes eliminated through applicaifobiotechnology. Agricultural biotechnology, staited
earlier, results in quantum increases in crop gieldd livestock production. As a result, agricatwactivities
impact less oh the environment through the appdinadf biotechnology, while increasing yields aé thame
time. This serves to preserve the environment,;sterand grasslands, biodiversity, the ecology aityate
climate change and ensure sustainable developihéntherefore, in recognition of the potentiahtdbutions
of biotechnology to the country’s developmentaligwns that government had made it an integral phits
overall science and technology policy. To addréssissue of food security for a teeming populatiéri40
million certainly requires the application of biokamology in meeting this need. Highly populatedrides such
as Mexico, Pakistan, India and China have utiliagdcultural biotechnology to feed their populaiand so
much succeeded that a country like China with aufajon of over 1.3 billion has now emerged aslérgest
food producer.

Consequently, there is a national policy on biotetbgy which has been designed to drive Vision 2i2the
short and medium terms. Among other objectivediefpolicy is; the development of suitable mechagismd
activities to support the emergence of biotechnplegterprises for the commercialization of biotembgy
products; so as to ensure a sustainable food $gcjaih and wealth creation, efficient and cheapltheare
delivery as well as a safe environment.

Requirements for effective use of Biotechnology:

For effective utilization of biotechnology and psoducts, Nigeria would require immediate attentiorthe
following areas:

11
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1. Provision of Containment/confinement Facilities

The need for containment/confinement facilitiesriegsponsible development and use of GM Crops igtatde.
Containment facilities for handling products ofatsi in transgenics and for their safe disposaln@eessary.
There is need to establish confined field trialsvarious agro-ecological zones of the country fifeative
evaluation of GM-Crops. The Zonal Coordinating NARWkould be of great advantage here. The ARCN
recognizes the importance of containment faciliind is making plans to provide same in our NARIs.

2. Manpower Development (human capacity building)

The development of a strong capability in the plsgiences is an absolute priority for all natioredearch
programs. This is necessary because only locat pleeding can address local agricultural enviramsieand
only local initiatives can appreciate cultural dodal environmental preferences.

The international research centers (those undeAB¥and our national research programs must cotitbo
with advance research institutions to increase #férts to extend the Biotechnology techniquealt@rops of
national interest including horticultural cropsdilruits and vegetables which are important to bigieg

countries.

If Nigeria will benefit from the potential advanegyof biotechnology, especially the GM technologiesill be
important to promote capacity building in risk mgament. It is therefore important to:
1) Build sufficient scientific and technical humanagaeces to enable it to assess the relative beraafids
the risks of GM technology.
2) Develop simple techniques to readily and reliabistidguish non-transgenic and transgenic plants
where necessary.
3) Monitor and evaluate the short, mid and long teffacts of transgenic plants and share data between
all relevant stakeholders.
4) Research institutions should be equipped with mbécgeneticists, plant breeders, laboratory safety
analysts and other personnel needed.

3. Strong Biosafety Regulatory System

Nigeria needs to put in place and strengthen a etenp regulatory system in the event that we degitéhe
development and use of transgenic crops in thetopum view of the fast way improved technologyear
disseminated worldwide, Nigeria better preparetlfier GM Crops, as the tendency is that if we clagedmors
to GM crops, we may eventually find them troopindhirough the back door illegally.

Scientific human capacity to adequately handle aie$eand development of GM crops are availableuat o
National Agricultural Research Institutes, althoudljbse would no doubt require strengthening thrduajhing

and retraining, establishment of containment féediand provision and equipment of high-tech labmies.

The Agricultural Research Council of Nigeria( ARCKgcognizes the importance of these needs and is
committed to ensuring that they are provided.

The ARCN, in order to resolve some of the issuegedthaabove, is putting in place some strategiegffective

development and use of biotechnology as follows

i) The ARCN recognizes the importance of biotechnolagg genetic resources and has accordingly put
in place a Plant Genetic Resources Division to adedy coordinate developments in this area within
the Nigerian NARIs.

i) The ARCN is assessing the state of biotechnologganeh in the NARIs

iii) Recognizing the importance of IPR to the sustamat#velopment of biotechnology research, the
ARCN plans to develop IPR policy and managemerdeiries for agricultural, research in the country
soonest.

iv) The ARCN is. also taking steps to establish gemk®@ our Zonal Coordinating Research Institutes
in each agro-ecological zone of the country. Thiwith a view to conserve the genetic diversityhia
zones.

V) ARCN is also working towards establishment/upgrgdiof biotechnology laboratories and the

provision of confinement facilities in all the NARIfor effective biotechnology research and
development.
Vi) The ARCN is committed to the strengthening of th&titutional Biosafety Committees of the NARIs.

12
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4. Setting priorities and research agendaifatechnology R&D

African development problems are numerous and disdiiplinary in their nature and biotechnologysolation
is unlikely to solve them (Izquierdo, 2000). Africaountries need to identify specific biotechnolqaiority
areas that offer high potential for contributingth@ economy and people’s livelihood Food secuhiytrition,
healthcare and environmental sustainability areraymsfrica’s biggest challenges. Biotechnology skaubt be
seen as a technology for a ‘quick fix' for Africafgoblems. Rather it should be viewed as one phd o
comprehensive, sustainable poverty-reduction gjya#frican countries must exploit a range of opsicio
ensure that future biotechnology initiatives redbhir full potential for alleviating poverty, seé¢ug food
security and reducing impact of biotic and abistiesses.

African countries need to develop knowledge appaterto their own situations and choose the most
appropriate biotechnology tools. Biotechnology elipe should complement existing technologies ard h
demand- and product-driven. Biotechnology is exjpenand requires more skills than conventional hedbgy.

So it should be used only to solve specific prolsl@vhere it has comparative advantage.

Biotechnology investment strategies should alsaesidthe needs of the poor, who depend on agnieultw
their livelihoods, particularly in marginal areaheve productivity increases will be difficult to raeve. In
addition to technical considerations, priority sejtshould take into account national developmeniicies,
private sector interests and market opportuni@sce African countries lack adequate resourcésstructure
and the business environment to attract new teolgres and related investments, biotechnology devedmt
agendas need to he developed taking into considerafrica’s opportunities and constraints. Theattgy
should include lessons learned, best-practice ebemngtrategic partnerships that are successfatyats and
processes proven to work and ways to encouragemmewative ideas and initiatives.

Nigeria and Biotechnology:

The Nigerian Government believes in the opportesitoffered by biotechnology to empower our farmers
through increased productivity, thereby alleviatipgverty and creating wealth ultimately economicall
empowering them. This has led to the creation bfational Biotechnology Development Agency (NABDA).
The Ministry of Agriculture through the AgriculturResearch Council of Nigeria (ARCN) has kept anaose
relationship and partnership with both internatlooaganizations such as the International Agriaaltu
Research Centres of the Consultative Group onratemal Agricultural Research (CIGIAR: ICRISAT T,
CIAT, WARDA, Biodiversity International (IPGRI), IFRI, etc); the Food and Agriculture OrganizatioACH

of the United Nations (UN); the Forum for Agricultlh Research in Africa (FARA), CORAF/WECARD; and
the African Agricultural Technology foundation (A&). We will also continue to maintain close colleditton
with other Nigerian Governmental Agencies such tes National Biotechnology Development Agency, the
National Centre for Genetic Resources and Biotelogyo(NACGRAB), the Biosafety Desk-Office of the
Federal Ministry of Environment, Biotechnology Omst in the Federal Universities, and NGOs working o
Biotechnology and Biosafety related issues. Wepaesently in partnership with AATF based in Kengad
through the ARCN about signing a Memorandum of Ustdading (MoU) with them to work together in
bringing improved technologies, including bioteclugy products, to our farmers.

We are also aware that marker-assisted selectidaiA fingerprinting allow a faster and much moaegeted
development of improved genotypes for all livingsies. They also provide new research methods wdzioh
assist in the conservation and characterizatiobiofliversity. The new techniques will enable sdiatto
recognize and target quantitative trait loci andstincrease the efficiency of breeding for somditi@ally
intractable agronomic problems such as droughsta@ste and improved root systems. Realizing akehe
potentials of Biotechnology, the ARCN is repositianall our Agricultural Research Institutes tofoly ready
for the challenges of biotechnology research amatebhnology products. The Institute for Agricultura
Research, Samaru-Zaria in partnership with AATF] #re National Root Crops Research Institute, Ukeudi
through the Bio Cassava Plus project of the Gl&maisortium on Cassava, are about commencing traitsge
cowpea and transgenic cassava research respectively

Biosafety mechanisms

Developing countries that are pursuing the safeedfetttive use of modern biotechnology recognizerteed to

have in place effective regulatory systems at natiand institutional levels, compatible with intational best

practice. Biosafety refers to “mechanisms aimecerguring careful design, transfer, handling and afse
biotechnology and its products. It is a princiglatttempers the adoption of a new technology vatieft
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consideration of its potential effects on humanltheand the environment. “National Biosafety systesarve as
mechanisms for ensuring the safe use of bioteciggcdmd its products without imposing unacceptalsl to
human health or the environment, or unintended tcaings to technology transfer. International diale
regarding concerns for the regulation and reviewneWw agricultural products gave rise to the Cartage
Protocol on Biosafety (CPB) on 29 January 2000. dljjective of the protocol is; “to contribute toseming an
adequate level of protection in the field of théesaansfer, handling and use of LMOs resultingrfromodern
Biotechnology that may have adverse effects onctheservation and sustainable use of biological rditye
taking into account risks to human health, and ifipally focusing on trans-boundary movements.

For developing countries, functional biosafety eyst are key to maximizing the benefits from biotetbgy
because they demonstrate to stakeholders and thle poat attendant environmental and health issares
addressed by scientific risk assessments.

WHAT ARE THE IMPLICATION OF BIOTECHNOLOGY TO NIGERA

Agricultural growth in Nigeria is severely constrad by rainfall shortages especially in the Nodmpounded
by soil degradation, overgrazing and deforestatida.therefore need to develop crops and livestoekds that
are early maturing and adaptable to the harsh tiinmnditions of the country. Moreover, as aralaled
becomes scarce with increasing population, hamgsall instruments of sustainable agricultural gifow
through the application of agricultural biotechrgplas the best alternative to increase productigitgl hence
attain food and feed security in the country.

The tangible benefits of biotechnology that havefaobeen achieved in many developing countrieshef

world, which could safely be adopted to Nigeridude the use of:

a) Disease-free planting material (Micropropagatiom)variety of tissue culture techniques are applied
propagate disease-free planting materials for mtamyicultural crops. In many African countries like
Kenya, for example, the application of tissue a@ltiechnology has been initiated in different crapd has
resulted in increased production of banana, pywethrpotato, coffee, cassava, sugarcane, date palm,
flowers, etc. The demand for such materials is detmably high, and the changes at the househotiviac
levels of growers are becoming increasingly notitea

b) Pest resistance: BiopesticideBa¢illus thuringensis and B. sphaericus) are being practiced widely to
reduce the use of chemical pesticides and whetarallpractices are not effectivBacillus thuringensis
(Bt) toxin is, for example, being used by farmersGhina to combat cotton bollworm where the use of
chemicals and other plant protection methods caronger reliably control the pest. This genetically
modified (GM) cotton provided smallholder farmerghwsignificant economic as well as environmental
benefits, by substantially reducing pesticide usdout reducing output per hectare or quality oft@o
(Prayet al., 2000).

c) Crop improvement/Transgenic plant varieties: ThEguires isolating genes that improve yield in some
crops and inserting them in other crops using gemetdification technologies .The principal berefif

transgenic crops include more flexibility in cropamagement, decreased dependence on conventional

insecticides and herbicides and higher yields. Tloogp improvement could be promoted through the
production of genetically improved plants with stipeproperties in terms of resistance to diseassgct
pests and abiotic stresses, Many GM plant variesigsh as virus-resistant potatoes, tomatoes, bitsuBt
Cotton, Bt Corn, etc. are widely planted todayiffiedent parts of the world.

d) Livestock improvement (New diagnostics and vaccihas livestock diseases): Traditional breeding
practices have been too slow in Nigeria to meeabnat requirements of dairy products. Importingfées
and/or young quality-bred calves from abroad mayooecostly and could also have adaptability protde
Cutting-edge technologies such as Marker AssistetecBon in animal biotechnology, artificial
insemination, embryo transfer, in vitro fertilizati, Successful gender pres-election in farm anineits
need to be carefully studied and introduced. Diajndests and DNA vaccines have been developed for
rinderpest, cowdriosis (heart water), theilerokiagt Coast Fever) and foot and mouth diseases.

e) Nutritional benefits: traditional breeding has bemsuccessful for increasing nutritional elemetitmany
plant varieties, but recent progress in biotechgyloas enabled scientists to enhance vitamin Aecdrand
elevated iron content in crops like rice (e.g. @oldRice).

f) Reduced environmental impact: through the use ofeBiilizers (Rhizobium, Azospirllum, Cyanobacteria
etc.), BiopesticidesBacillus thuringensis) and Bioremediation (cleaning the environment gsiiifferent
microorganisms).
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Biosafety mechanisms, however, need to be strengthehenever such technologies are to be adopted.

Biotechnology for Sustainable Industrial Growthskens for Nigeria

Human activities - industrialization, urbanizati@griculture, fishing and aquaculture, forestry aidiculture

as well as petroleum and mineral extraction - haredound impacts on the world’s environment as waslion

the quality of life. As a result, there is a growiappreciation that nationally, regionally and gl the
management and utilization of natural resourcesd neebe improved arid that the amounts of waste and
pollution generated by human activity need to wkiced on a large scale. This will require a reductnd, if
possible, elimination of unsustainable patternprofiuction and consumption. As a result, emphasigawing

on industrial sustainability because this is inshegly recognized as a key means of bringing alsueh
reduction of environmental impacts and improvinglgy of life.

The World Commission on Environment and Developm@itundtland 1987) has provided insight on
sustainable patterns of production and consumptioough its description of sustainable development:
“Sustainable Development: Strategies and actiogistthive the objective of meeting the needs andadgpis of
the present without compromising the ability to irieese of the future “.

This definition of sustainable development can bepdéed to provide a conceptual definition of indabt
sustainability: Industry is sustainable when itqaroes goods and services in such a manner as t¢hmaseeds
and aspirations of the present without compromigiregability of future generations to meet theimoneeds “.
A closer look shows that industry is sustainablemh is:
= Economically viable (uses natural, financial andnan capital to create value, wealth and profits).
= Environmentally compatible (uses cleaner, more efficient products and processes to prevent
pollution, depletion of natural resources as wellass of biodiversity and wildlife habitat).
= Socially responsible (behaves in an ethical maandr manages the various impacts of its production
through initiatives such as Responsible Care).

Developing sustainable industries implies consyaatisessing and improving industrial performandes &m
is to uncouple economic growth from environmentdrdation so that industry will be more profitabled,
simultaneously, environmental quality will also irope.

Economic growth provides jobs and income, goods serdices and opportunities to improve the standérd
living for an increasing world population. Enviroental protection recognizes the intrinsic valuaature and
living things. It also recognizes the potentialayfjanisms living in ecosystems to provide insightsl the
means for developing sustainable industrial pragjystocesses and production systems. Sustainahlstiial
development can be achieved if the three requirésri@sonomic, environmental and social) outlinedvabare
applied to guide the pathway and shape the prdmessich industry and the economy grow (USDE, 1998)

At a very basic level, sustainable industrial depetent means doing more with less -increasing igency,
that is, decreasing the level of pollution andiet $ame time the amount of energy, material anelr otiputs
required to produce a given product or service. Ajomway of accomplishing this is through cleaner
production. Cleaner production involves a paradgift where innovation is used to develop:

= Processes and production systems which:
0 Save costs and are more profitable because thdgszavasteful of materials and energy (resultimng |
less emissions of greenhouse gases, persistemioai@micals and other pollutants).
o Enable greater and more efficient utilization afewable resources (energy, chemicals and materials)
lessening our dependence on non-renewable resosumds as petroleum arid reducing associated
greenhouse gas emissions.

= Products which are:
0 Better performing, more durable and don't perdigraheir useful life.
0 Less toxic, more easily recyclable and more biocaégiple than their conventional counterparts,
o Derived as much as possible from renewable ressumee contribute minimally to net greenhouse gas
emissions (UNEP, 1999).
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Essentially, biotechnology harnesses the catalytiover of biological systems, whether by direct ude
enzymes or through the use of the intricate biodsieynof whole cells and micro-organisms. Definedthis
way, biotechnology encompasses everything fromtéohinology of bread-making to that involved in the
production of human insulin from a bacterium indiite take up a non-bacterial gene and produce ribteip
coded by that gene Its history goes back centimiasich activities as fermentation and brewing loblaol or
bread- and cheese-making. New scientific and tdolgieal advances in genetic engineering and ottagrsvof
transforming biological organisms in the 1970s tetionized commercial possibilities, giving rise @olarge
number of applications with the development of nawducts and new techniques. The recent technabgic
developments in genetic engineering, enzyme teokyoland fermentation technology are often calldd “
second biotechnological revolution” (or the “newotieichnology”), the first being generally recognizasl
Pasteur’s revolutionary treatment and prevention hofiman and animal infectious diseases through
immunization in the late 1880s.

New biotechnology is typically a science-led tedbgy, in the sense that most of the inventions pratess
and product innovations have emerged from brealtiire in scientific and technological research utadten
in universities, research institutes, and indusiRi&D departments. It denotes a broad and hetermgesfield
of applied sciences and related strategic researstgmpassing several distinct technologies utilinrea wide
range of industries: agriculture, pharmaceutiagiemicals, and even weaponry are all potential fiiages of
the advances being made.

Industries are increasingly using biotechnologprtoduce industrial substitutes for natural agrimatproducts
manufactured in large quantities (and mainly exgmbrby developing countries). Many new substances ar
competing with each other as viable substitutes doparticular product (foodstuffs, flavours, addis,
fragrances), a trend very similar to the one entayed in new materials. The demand for new foofstamd
pharmaceutical products (e.g. vaccines) is becormogeasingly diversified, and biotechnology is yding
industry with the opportunity to abandon commodithemicals and move into more lucrative specialtgt an
agricultural chemicals. Older biotechnological teiciues (e.g. fermentation) are themselves bengfifiom
additional inputs from genetic engineering and ee&ymatic processes.

Bio-industry is reorganizing itself to respond h@s$e trends: conscious of the economic stakesviegah the
enormous potential markets for the new biotechrioldg products, many chemical, pharmaceutical,
petrochemical, and industrial food corporations@eating their own research laboratories in plaokogy and
physiology and are investing in small venture-cpiompanies engaged in advanced research as svell a
larger companies with R&D experience. As new preslutepend heavily on new and more productive
processes and call for rigorous quality standamissafety tests, bio-industry is typically scienaed capital-
intensive and requires highly qualified staff akdled labour.

A number of biotechnology developments are havirmjqund technical impacts on processes and prodésts

with new materials, these technical changes arecind important structural changes in the econo@VA,

1984).

= New commercial biotechnological devices and methafddiagnosis and prevention, based on monoclonal
antibodies, biosensors, and gene probes, are t®mking the fields of health, agriculture, and
environment, permitting the extension of hithertmited physical and chemical measurements to the
potential control and regulation of complex systémihe human body, in animals, plants, the envirent,
and in industrial processes.

= The specificity and diversification of biotechnoicg products are increasing, as commodity chemical
tend to be replaced by specialty and agricultunaingicals, closer to user demands. Monoclonal adi#so
can be used as ultraspecific drug vectors agaipstific tissue antigens, opening the way to the
introduction of medicines specific to individual tigats (personalized therapy). Several distinct new
biotechnology products tend to compete with eatlerods substitutes for the same traditional prodact
instance, more than eight new sweeteners compeéplace sugar.

= Biotechnology contributes to a reduction in thesirgity of the use of energy and materials: the yrtion
of chemicals through enhanced fermentation or eatignprocesses, industrial purification by monoelon
antibodies, and the replacement of sugar by newpoomds with dramatically superior sweetening power
may be mentioned as examples of this trend. Newunodiagnostic tests based on monoclonal antibodies
and gene probes, besides being rapid, specificeany to use, are sensitive to smaller quantitidest
material and imply a dramatic reduction in the ditiexs of blood, urine, cells, etc., needed.
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= Biotechnological processes and products presentalfiigy to use renewable energy resources and to
recover reusable or marketable by-products in tieegssing industry, thus increasing the produgtiuit
all energy and materials inputs through “maximueycéing” and “minimum effluents.”

= The methodologies employed in the development @f ppducts and processes in biotechnology rely on
rigorous scientific knowledge in numerous fieldsjq increasing rationality and diminishing empstaiin
research and industrial production through a ga@leted and systematic understanding of the presess
involved. This is for instance apparent in the catlichange in the paradigms of pharmacologicalarese
which has shifted from the screening of a large Imemof molecules to the targeting of a suitableenole
to act upon the mechanism of a specific diseasés @lange in the paradigm of pharmacology, made
possible by new biotechnological research instriusmamd products, has simplified and rationalizesl th
process of innovation and profoundly affected tharmaceutical industry: from being a drug supplies
becoming an “industry of function,” i.e. a supplief a wide range of therapeutic products, diaguesti
auxiliary materials, equipment, machines, biomddigatems, and technology. A similar evolution tod&
rationalization of the innovation process in indystan be expected in the agrochemical and food
industries.

The bulk of biotechnology sales in terms of voluamel value can be grouped in three main groupsaafymts:

= Very high value medical products used in small djtias, like vitamins (B12), antibiotics (cephalasn),
enzymes, novel biological products (interferonsues plasminogen activator- TPA), or monoclonal
antibodies, which are extremely expensive and wposéuction in commercially viable quantities hasyo
become possible with recent genetic engineeringnt@ogies.

= Low value products that have to be sold in enormquantities, usually produced by fermentation
processes, and that generally compete againstasigiimmodities produced by more traditional means,
like ethanol, methane, isoglucose, and severalegifland waste treatment substances.

= «An intermediate group of organic chemicals, sushamino and organic acids (glutamic acid, lysine),
fungal proteins used in novel foods, and bactemidiures used as soil inoculants to protect plémis
pests or to supply additional nitrogen to the rpalisof which also have to compete against otlec@sses
( Green and Yoxen, 1990). Biotechnology inventi@rsl innovations have already been applied in
numerous industrial sectors.

= Food And Agricultural Production: The potential mbtechnology for increasing agricultural produitsiv
is high, in terms of both increasing the yieldscaftivated plants and of obtaining foodstuffs witigher
nutritional value. Many foodstuffs are produced feymentation, and enzymes are now widely used as
processing aids in food manufacturing. Acetoneiccitcid, ethanol, and other chemicals are, or len,
produced industrially by fermentation. The digestmf wastes anaerobically is not only part of sesvag
treatment but also a way of generating methaneagas source of energy. Biotechnology offers ways of
improving even traditional fermentations like theoguction of silage, a fermented gas product used a
cattle feed: microbial cultures are available #vagure that the correct sort of fermentation tghase. It is
expected that by the year 2000, five-sixths ofgheual increase in agricultural production in therlds will
be due to new biotechnology and other yield ina@sawhile only one sixth will result from the inase in
the area of land used in production]. In the nesttary, about 75 per cent of all major seeds may be
developed by genetic engineering or tissue culfQECD, 1990).

Many developing countries have established prograsnto incorporate biotechnology into agriculturad a
agro-industrial activities. Some have already sssftdly applied biotechnology to their productiof palm
coconut oil, eliminating major disease traits amer¢by increasing productivity by about 30 per c@ntnarked
increase in production, using cloning techniquegnable the propagation of high-yielding variett#soil-
palms and cocos, would make it possible to imprthee fat content of diets and thus cover the aduftio
nutritional needs of growing populations. But thedguction of oil-palm and coca clones using tissukure
techniques, where the applications could benefiians of small landholders in developing countrigsose
standard of living depends entirely on the produitgtiof their holdings and whose cultivation teaiués would
have to be adapted to the properties of the nemesloconstitutes a break through that cannot Ihe duploited
before the end of the century (Sasson, 1988).

Wood exports play an important role in the econosfiynany tropical developing countries. The in vitro

micropropagation of forest tree species for theod or paper pulp is therefore of great econontier@st; this
technique is for instance being studied for thgdascale production of clones of several eucalygpesies

17



Chikaire, Jet al.,: Continental J. Agricultural Science 6 (1): 6 - 2212

with better resistance to cold weather and greaterd yield. Similarly, the multiplication and exjttion of
drought-resistant plant species of commercial @gecould afford useful outlets for a number of eleping
countries located in arid or semi-arid zones. lRstance the jojoba, cultivated today in all fiventieents, can
tolerate temperatures up to B0and its roots can search for water at a deptBOofnetros. It offers the
possibility of controlling desertification by fixgnsoils and of earning a good income from valualdlextracted
from its seeds, thus bringing employment to thalrareas and the chance to export a multi-purposeupt
with a high potential demand on the world marketjola oil can be used industrially as an excellent
transmission fluid or lubricant for fast rotatingaahines under high pressures and high temperatagscing
the strategic sperm whale oil and thus limiting th@ssacre of sperm whale and other cetacean piomslatas

a shampoo and a sun cream in the cosmetics indumira treatment for skin diseases and bums in the
pharmaceutical industry, as a wax to replace gthart or animal waxes, and meal proteins couldxXteeted
from it for use in animal feed (Sasson, 1988).

Tissue culture techniques have been applied tq nedze, wheat, barley, cabbage, lettuce, tomatoess,
onions, potatoes, rapeseed, tobacco, sugar cadecaiton for such purposes as gene transfer farades
resistance and salinity tolerance, selection ofitslaesistant to pathogens, and recovery of imraaganbryos
from defective seeds. Substantial research in thotglogy and genetic resources has led to the mafopt
genetic selection and breeding techniques by skveuatries, as well as to the improvement and pctdn of
local varieties of crops with higher yields, greamest resistance, and earlier maturation. Progiess
fermentation technology for the production of feesnponents, single-cell protein and industrial cicatfs, as
well as recent developments in enzyme technologhi® production of antibiotics are expected toehavarge
impact on industry and agriculture in several depilg countries. Nitrogen-fixing biotechnology, whi
enables non-leguminous crop plants to fix atmosphetrogen should permit a two to fourfold increas corn
yields.

= Livestock Husbandry And Animal Health: Genetic ewgring is already being applied in animal
husbandry. Bovine embryo transfer techniques care tggeat zootechnical and economic advantages.
Besides helping to speed up the improvement prooedbe preservation of superior breeds showing
special characteristics (for instance, better tast®e to tropical bovine diseases), embryo trancfer
increase the production of meat and milk, eachnmsated cow being able to give birth to up to 2ea
per year. The development of DNA probes can pettmitsexing of the bovine embryos to be transplanted
thus selecting male embryos for meat production femdale embryos for milk production. In some
developing countries this technique could help cerre chronic milk shortages.

Genetic engineering also provides the possibilftdeveloping and producing large quantities of n&ecines
against many cattle, swine, and poultry infectidisgeases that plague developing countries, likéhapls fever,
theileriasis, hog cholera, colibacillus and vira@rdhoea, pseudo-rabies, coccidiosis, fowl pest, Btaditional
vaccines against the aphthous fever virus, whig@ndemic in large areas in developing countries paepared
by inactivation or attenuation of virus strainsabed from material collected from the lesions thelves, and
imply the manipulation of very large quantitieswafulent virus; in addition, these vaccines aretable and
must be stored under refrigeration, which is netagls easy in tropical countries. The productionrBNA
techniques of an effective, safe, and heat-staéeine against this disease will have a great enanompact
in developing countries, which will be able to vinate their herds systematically and to increaseettport of
their livestock products to disease-free indusigal countries.

Fowl pest is the principal virus disease of pouiltryhe world, and it has devastating economicotffén several
developing countries, where poultry meat and eggs fa major contribution to the human diet; mostref
commonly used vaccines are relatively ineffectind enust be administered on several occasions imdiges,

a task rendered very difficult, particularly in etries where village poultry and small flocks predoate. A
new, simple, and cheap vaccine is needed; reseageEnetic engineering may permit the productiomassive
guantities of antigen to be used for the prepamattd an improved vaccine, in terms of potency and
geographical utility (Sasson, 1988).

= Pharmaceutical And Chemical Processing: Bioteclywlbas been efficiently used to produce new

pharmaceutical products, such as interferon, groladhmone, lymphocytes, and tissue plasminogen
activators. Biosynthesis of growth hormones ofrti@n livestock species by genetically engineeredtani
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= organisms can markedly improve their productivitgl avould have significant effects in intensive ftack
husbandry. Bovine growth hormone can increase pridkiuction by 20 per cent at the same feed costs.

= Medical Treatment: The health care sector hascatitlathe most early interest for various reasoresltH
care covers a large number of human activitieggirgnfrom “formal’ care provided by organized héalt
services (clinics, hospitals, and other organizetifor care, cure, or preventive medicine), “alidirre”
medical practitioners and self-medication or sédfgdosis products, to unpaid care of the sick afidm.
Biotechnology is particularly applicable to healttare products in all these activities, including
pharmaceuticals, vaccines, and diagnostic kitaldd provides ways of more rapidly screening padént
pharmaceuticals, speeding up and lowering the ¢igh of pharmaceutical innovation.

Genetic engineering offers a way of producing darger scale biological molecule with therapeutidue that
were formerly very scarce and therefore expensivayailable at all. Examples of these substanceslav
include the first product of rDNA organisms for hamtherapy, human insulin, as well as human growth
hormone, the interferons, interleukin, and otheoabtive proteins. Many higher plants possess active
compounds that form the starting material for agéarange of drugs. The 1986 market for plant-derive
pharmaceuticals was estimated at US$9 billion énUinited States alone. Tropical developing cousitrenose
pharmacopoeia is very rich and which constitutentiaén exporters of plant medicinal raw materiatsyld start
from naturally occurring compounds and resort totdihnology to isolate them and produce novel
pharmaceuticals, thus reducing current imports.atidition, the amount of active product required for
pharmaceutical uses of these substances is udoallyand the pay-off potentially huge in many instesy
however, the regulations concerning the commeeratitn of medicines apply equally to plant meditina
products, and since most therapeutic substanceseqepinstaking testing, development may oftem engthy
and expensive process (Flostsl., 1987).

By contrast, a large number of new methods ofrigdtiuman fluids and infections have been develobased

on monoclonal antibody technology. The fastest gngwdiagnostics markets are in immunology and
microbiology. Monoclonal antibodies used in diagiokits offer products that, because they areingésted

by or applied to people, could be brought quicklymarket and for which there is growing demandeadty,
monoclonal antibody-based tests sold in pharmdoiesonfirming pregnancy are being established de-#-
yourself market, and other over the-counter praglaceé being introduced for monitoring fertility. kuclonal
antibody products are also becoming a vital parthef growth of new types of imaging techniques, and
accurate, rapid, and cheap tests based on DNA prabd biosensors are promising future developments
(Green and Yoxen, 1990).

The cost of the techniques involved are fallingrpha so that they are likely to become, with thgprovement
of current vaccines and the development of effectbafer, and cheaper new vaccines, the majouinsiats of
public health policy in developing countries.

Recombinant DNA techniques can be used to prodarge lquantities of immunogenic proteins synthesined
genetically engineered microorganisms, which agebthsis for effective new vaccines. A geneticafigireered
vaccine requires no inactivation procedure as cotimeal vaccines do, facilitating its administrati@and
reducing cost; additional economies may arise ftbenreplacement of expensive embryo culture systems
relatively simple conventional bacterial media,nfr@gavings on high- security plants usually requiredhe
production of conventional infectious disease vaesj from reduced transport and storage costs,frand
reduced testing, since the vaccines do not contiaén disease-producing pathogen. Recombinant DNA
techniques are being developed for the productiomaccines against viral hepatitis B (highly enderin
regions of Africa, Asia, and South America), rab@serious health problem in developing countaied still a
cause of high mortality in domestic livestock), fes, cholera, leprosy, malaria (the most widespheadan
infectious disease), schistosomiasis (chronic tiinout tropical countries), onchocerciasis, sleesio§fness,
and Chagas’ disease.

Lessons

It is possible to draw a number of general conolsifrom the above

i) The application of biotechnology in a wide range ioflustry sectors (chemicals, plastics, food
processing, natural fibre processing, mining andrgy) has invariably led to both economic and
environmental benefits via processes that areclestty and more environmentally friendly than the
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conventional processes they replace. In effectafi@ication of biotechnology has contributed to an
uncoupling of economic growth from environmentapants.

i) The application of biotechnology to increase the-efficiency of industrial products and processas c
provide a basis for moving a broad range of indestoward more sustainable production. To achieve
this, further development of biotechnology and supipg technologies will be needed, as well as
policies that provide incentives for achieving meustainable production.

iii) The main driving forces for adoption of more effict bioprocesses and bio-products are cost savings
and improved product quality/performance. Environtakconsiderations were (in the case studies, at
least) an important but secondary driving force.

iv) Successful biotechnology/bioprocess developmentimes effective management of technology
development by companies and use of tools thatsasbeth the economic and environmental
performance of technology during its developmehier€ is a need for improved assessment tools that
are easier to use and at earlier stages of thadtaty development process.

V) Even large companies may not have in-house alepertise required to develop more efficient bio-
products and bioprocesses. Collaboration with usitye and government researchers and other
companies is an important contributing factor farceessful introduction of these products and

processes.

Vi) Long lead times are often required for introductidriparadigm shift’ technology into a company: but
development times can be reduced considerablytisesjuent development cycles.

Vii) The application of biotechnology for developingusttial products and processes is still in itsricfa

As awareness builds and the technology continueisetaleveloped and diffused through different
industry sectors over the next few decades, tha@o@ and environmental benefits are predicted to
grow.

CONCLUSION

Agricultural biotechnology, including tissue cukrDNA-marker assisted breeding and GM technoldgg,
the potential to increase crop productivity anddf@ecurity in Nigeria and developing countries.sT¢ould be
achieved through the development of improved viesetwith increased yields, nutritional content atorage
characteristics. It provides tools for adopting amatifying the biological organisms, processesdpots found

in nature. It provides tools for industry to cominimproving lost and environmental performanceolneywhat
could be achieved using conventional chemical teldgies. Biotechnology has the potential signifityan
contribute to economics of developing countrieasra wide range of industry sectors, includingcatiure
health, environmental management and manufacturings therefore crucial that the development of
biotechnology takes place within a framework ofth@actice, international standards and safeguards.
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