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INTR0DUCTION 

Biotechnr.logy in its, classical cnerger.ce Las been 

defined as the applica:ticn of micrcoreanisr.is: pL::mt arid 

animal cells or simply the appiic~tion cf biolo~ical 

systei:i.s to manufacturing ir.dustry (Smith, 1981; Houwink, 

198~). Therefore it is perti!1.ent to describe b5.otechno­

logy as a multidisciplinary effort of scientific disci­

plines to applicatio;. areas such as chemical, pharmaceu­

tical, fermentation, fucd and feed: environmental antl 

medical diagnostics. The pote'1tials cf ~iotechnolozy are 

very obviou3 which has led to its promotion world-wide. 

Jn rea1.ity 01.J y the Term is new be~ause biotechnology is 

base<l on .~nciE:ll"t microbiological proce:s:.:;es (brewing, 

breadir.aking, alchoholic be:v..:!rage production, and fermented 

milk pre;pardtion). It was after the: recog . .-.ision of the 

role of microo:cr;anisms (Pasteur, 1965) that it -;.1as t1.4rned 

into an en~i~eering oriented industry tv produce not onLy 

food but 0rganic chemic.al·s ~uci1 as .:i.lc0hol, but.::.nol, 

acetone, glycerol, org.inh: '-' cids etc. This period ended 

in ).940. The next ~O yei'!.rs is termed t:i.e antibiotic era 

which was based cp the develcprr.ent of micrcbiolcgy, bio­

chemistry, genetics, process engineering, production of 

antibiotics, virus vaccines and ~icrobial· ~Lercids. 

The following next 15 years were termed as the post­

ant ibiot ic era wher, the fernentation industry was ~tilized 

to produce amino ~cids, sinble cell protein (SCP), enzymes, 
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polysaccharides, bio::;as, gasohol and l~ter gave rise to 

enzyme technolosy. Fror.t apprcximately 1975 up till now 

the era of new biotechnoloLies namely· genetic enz.ineer­

ing, h.ibridoma· technology, and hioproc~ss technology are 

dornin~:ting biotechnology which has :!'es11lted in the 

production of mc-·ncclonal ari--:iDcdies, ne"; vaccines and 

human insulin - just to rnentio~ a few-examples. It is 

predicted that the above three new innovations will 

determine th~ development of biotechnology in the next 

decad€ and lead to even broader utilization not only of 

product but application wise (Houwink,- 1984). 

At present the leading·powers in· biotechnology are 

the USA, Japan and Europe. ThE": biotechnological import­

ance of each country is determined-by her contribution 

to lo~_.and high technology hie-processes and its ability 

or rather corr.petitiveness to export. The priorities 

were choosen by each ·country in.accordance to her resour­

ces or established· tradfticn · it1 fermentation industry. 

In Europe, s approach eventually determined the role 

and priorities of biotechnology namely in- industrial and 

envir·onmental applications excludin5. some -breeding 

aspects and medical technology. 

BIOTECHNOLOGY IH WEST AfRICA 
..... ,, . · . .. ... .. 

It is relatively easy to summarize the position of 

biotechn~logy in developed countries but rather difficult 

to talk about it in Africa, especially i~ Nigeria, where 

the position of this discipline is not clearly defined 

in its terms and priorities. 
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Eiotechnolo~y in its ec~liEs~ occurence - focd 

ferr:ler.:t?..t:icn - in West Africa is enc::.log ir. some c.s~ects 

t:::; the:: early Europe.:!.r:. prdctice. Frc:,i amJ~g the ferm~n-

t2..tio:.s, th~ alcoholic beverar;es, fermented :.iilk, 

c-.:ssavil and maize repre:sentec! priorities followec by 

many ether applications invclvinr different seeds. The 

f crraented foocs were made by local processors who 

produced the raw oateri~ls anc s0ught to preserve and 

market the remains. The fer~entations were empirical 

and remained so for a much longer time than in Europe. 

We call the period as the pre-Pasteur ara. The indus-

trialization of fernentations after the recrmgnision of 

the v~~satil~ role of microorb~nisms in Europe had 

little influence in West Africa, pdssibly due to the 

lack or unavailability cf industrial equipment and 

tri.lined personnel to h:1ndl12 it (t.:.p till 1950). Efforts 

wer~ ~~de during the coloni~l p8riod to promote nechani-

sation of ft:rment:2-ticns of a few crops such as cocoa 

and coffee to improv~ both quantity and quality of the 

products. This development did not, hcwever, have any 

sigPificant effect on indigenous fermentations. 

The first industrial sc:.:..e f erme:ntation technology 

occurred with the establishment of breweries (1950 - 60) 

to procuce larr,er beer - the liquid breac-which W.3.S 

advertised for its nutritive and energy providing capa-

city. The populari~y of beer gre~ on a fantastic rate 

ard within West Africa, Nigeria to0k the lead in a very 
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slwr-r period (B';;:izl~y, 19 77). 0:1·~ cu.n:-.ct ·.ind.er-estimate 

th·.:; v:::;.lue -.:;f this pro£;r_~ss from the point cf view of 

other ferm~!tta"!:ic!'l.s and th~ inter-~st a!Ilcm& scientists 

to study the ~icrc-ort:.::.nisrns i!"lvolv~d in local fer;:;e:nted 

foods of Afric~ (Ekundayo, 1980}. 

The period cf 1960 - 197( was a period of very 

promising eccnomic prospects in :Hgcria and sorae other 

l1frican countries. This led to the establishment, apart 

from breweries, of lar£E: industries to proc€ss milk, and 

milk ~roducts, while breadmaking was developed into a 

wide-spread ~ractice. Proc~ssine techniques were worked 

out for the pilot plant or semi-indusTrial production of 

f.:rnented cassava, maize, palm.wine, ethanol und vinegar 

(Banig0 und Mullis;r;. 197'2, Akinrele et al, 1969, Okafcr, 

1978, Ikeokwu, 1973)·. Efforts we!'e also r.ic.dc or proposed 

for single cell :::irotein production fro!:! industrial 

wastes (Trevelyan, 197~, Tate & Lyle, 1975). The agricul-

tural acti~veraents of biotechnology between 1960 - 1976 

are mainly concerne~ with brei::dinz fer better quality 

ra~· r.iaterials, desease resistance and pest control. The 

interest was focused on cyanide frac cassava, better 

yielding, storable ~aiz~ and legume v~rieti~s are summari-

zed r~cently CIITh, 1983a Reddy, 1983). 

Tte present stage of biotechnology, be~ining from 

approximately 1980, f~ll within the period when econo­

mically progressed African countries were restricted 

in the importation r;.f raw muteri.lls, iridus-.:rial equipment 
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et:c. bE.c.ius•:: of their -:::xl~c.ust:.ic.:;:,_ of C!.,t:=dit5. tJithin a 

lity cf existi~g products w~r~ ~rdstically r~duced. 

Possi~ly, on~ can ask ~h~t will b~ tht rvl~ of biotech-

nulogy in conjuctian with other disciplines in sclving 

tr.is proble!i'. =:.nd in t.1h::.·~:t \..!.;!y ~..;ill the cpplicat icn of 

bictechnolcey be pr0Dotcd in th~ future? Pe~haps, in 

answering this qu.:stio!'ls i~ is pertinent to revie\-.i 

c.vailabl-: inforr:taticn en f(:rr.<2nted foods in Higeria, 

as the largest country by population, producticn and 

in previous years of available financial resources. 

FER."1ENTED FOODS 

Gari. One of the ~~jor sta~le foods in Ni!,eria is 

gari, a drie:'.i product, r.i . .:i.nuf actured fror:i cassav.::i. 

Ufonihct esculenta). Th.:: prcc~cure of rr.an:ifacture 

involves washing, peeling, cuttint:: grating:. fer;nenta-

ticn, fryine an<l· coclin~ (Fig. 1). Traditionally, the 

mash is ferrr.e.r.teci sp0ntar.eously by resident r.ticroorea-

nisms which ::.re present in the: r.cots .~fter we.shins. The 

f crment&tion process is a two-stae~ lactic type cf 

fermentc.ticl! c,f the grat~d c=iss<"!•1a tuber by Corynebac-

terium manihot and G~otrichu= candi<l~ra (Collard ~n~ 

LE;vi, 1959; Akinrele, 1964). Other microorganisms which 

have been isolated inclu<le Lactoba.cillus ~·, Strepto­

coccus ~ and L. pla.nt.:!rur:1 b€ir:~: ~ssccic:tted with r.ari 

fll·1our under model corH:litions P:r,'!.b.:? an.: Lee, 1979; 

Dougan ~t al., 1983). The f~rrn~nc3tion precess is 

J .. 
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----~~ Stubs and Cuttin5 
waste 

Ferment~tion ~~_....;>~ 

3.00 l.DS 

Liquor squeezed 
out 20.00 lbs 

Fibre v•.:.;:;te 
l.OG 1-'b ---------·-. 

I 

----->~ Ee!t.::r evaporated , 
10. 00 lbs J 0.3t oil raay 

be added. 

Stcraz{;: 

Gari 10 ·- 15% Gvisture 
32.00 lbs. 

Fi't:-e waste 
1. 00 lb. 

Fir. l; flow sheet dcpictinr the traditional technique 
fur zdri proc~ssing (Cock Et al., 1975). 
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t~ g~ri has ~een docu~~rted (Co0k ct al., 1975). The 

fE.;rl!"t~ntati0:: process ~ir:1$ at flavour pr0d'-!cticn (Dcuian 

~t .:.•.l.: 1983) and t!l•= rErr.oval of cyGncgenic :;lucosid· . .:s. 

less important t:han the frying rrccess i:i the removal 

of residual cyanide (Boszormenyi, 13 72-: Olarewaju and 

Boszcrmenyi, 1~15). 

The first sustai!1ed effcrt at :".'.OGE:rni:i inf· the 

technology fer g.:iri ptYJCessinr, in Nigeri.::. was initiated 

at the Federal :nsti~ut~ of Indust:rial Rese~rch (F.I.I.R), 

Lagcs in the e:.rly fifties (Cock et al., 1975). Their 

attempt followE":d the trztditio:r.~l nain li!1es in the 

prep.:.ration cf ral·? :naterials. Th~ f erme:ntaticn is 

hastened by the reinocul~ticn of already fermented 

cassav~ press juice: into unfer~ented lots. In the 

furt:h~r steps of <lr'iin[ and sievinr the m~in advantage 

is the use of indus~rial equipment to c1tain better 

quality produc~. Joint effcrts be~wcen F.I.I.R. and 

Newell Dunford of England led to the menufacture of a 

fully mechanized pl~r.t. The fii--st of these plants was 

inst3lled in the G~rnbia in 1973 CEkundayo, 19AO). 

Haw~v~r th8 full des~ription of the plant toiath£r with 

it~ functionin[ w~s ?rovide~ by Akinrel& in 1964. 

Dt:::>pite thE. :·St:1hlishmcnt ct smi"!ll sc.1le f~::-~ri ind'.lstries 
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by f.I.I.R., th~ lcc~l ~~nuf~cT~rers, ~ilio still d~pend 

~n the age-lon~ traiiti0n still do~ina~e the markets. I 

Prcttin ccnt~nt cf gari could ~e ~slow &s 1%~ 

therE:fc·re i"t sec.:;ted i::i.rortc.nt th::-.t r:ari shculd be 

fortified with ~djitia~al rrotei~ so~rces both of pl~ct 

and of ~icr~biul orisi~ (Trevcly?.~, 19"1'4, Rea~y ~nd 

G:!.""~t.:;.ory, 1375, Balog!:, 1976). '1'0 this end, re;!'.-Or1:s 

e..r~ avc.ilable in literu1:ll!'€. on gari fortif icaticn with 

ecfa1:ted groundnut md~r; full fat soya fl~ur, ses.:m.e 

seed flour and dri~d brewers ye~SL (Akinrele, 1967, 

Gzi. In ~!if:c.ria., ogi is ..:~ m~Jor food iter.i prepared 

c 

I 
I 

~rse and Uriah, 1975, Ojcfeitir.ri., 1978). 

frca maize, sorghum 0r millet (Adeye~i, 1983). Th~ I 
~roc0ss of ~inuf~cturc involves fer~entatior. (stee~inr.> ! 

of era.in in water fer tt.;c to threP. d~ys, fcllcwe:c by we:·.:- t 
i 
I Llilling, w~t-sieving ~nc scurinr. for ~tout 12 - 48 hours. 

'l'he finai product is a whit•.:.: !:'!ash which wher. cookl:d I 
f 

c ·I 

produces a·thin gruel (?Orrid[e) which is used as a 

weaninr. food fo!' infants and major breakfast cereal for 

adults (Banigo and Muller, 197'2 > Eanigo and f>.deyemi, 

1975, Muller, 1980, Ekp~yong, 1980). Oei is nlso coo~ed 

~nd turned i~to a stiff ~~l called cko or agidi~ to 

r.!-=.ke'a··r..ec:?.l (Akinrel~, 1970, Umoh ilnd Fields, 1931). 

Similar product, kenkey is ~idely consumed in Chan~ 

( Hu 111'.. r , 1 9 8 0 , Wi thby, 19 o 9) • 
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process ~n<l ef fccti\'e .mi2'!"c:cr;:·J.:1isms ~re n-:t contr::;~_led 

with s~se;ing were inve3tigated by ~kin~~le (1370) anrl 

f ou~~ ~c i~clude 

~nd Penicillium. Oth~rs incla~e Corypevacterium ~· 

A~rcbactEr cloacae an~ Lactcbacillus plantarum (Akinrcle, 

1970). Okeafor (1979) isolated The follo~ing microor~a-

nisms in o~i: P?.diococcus gunthen and Pediccuccus 

p~ntosaceus and Candida ~· In ~ related study, Fields 

et al., (1981) identified Lactobacillus fermentum 

L.:::.ctobacillus cellobiosus a:-1d Pediocuccus acidilc.ctici 

i!1 f err:.e;-.ted cornrr;eal ~ixed with wc.ter at 31°c. The 

overall effect of steeping and souring ia to develop 

the flavour characteristics cf 0[i which have beEn 

attributEd to carboxylic acids, the mcst import~nt being 

lactic, acetic anc butyric aci~s (Bani£O and Muller, 

1972). 

Two industria.l pr?cesses of ogi manufacture have 

been cevelo~ed. The first is the manufacture of soy-

ogi, a mixture of 70 parts of cor~ to 30 parts of soy-

beans (Akinrele et al., 1970). The first step involves 

separate st~eping an~ wet-~illing of maize and dehulled 

steamed cooked soybeans. In the fermentation process 

corn ~nd soy cl slurries are mixed and .:illowed to ferment 

na~urally in tht presence cf micrcf lora devalo~ed 

I 
' I 
i 

I 
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durinf s~eepinc ph~se. Th€ produc~ ~s fortifiei with 

vita~ins a~d 2inerals, r~steurizeJ, spray-dri~d ~ncl 

packaged (Fig. 2). 

Th~ seccnd in<lustr~~l arprccch invclves dry-~ill-

ing of whole I!laiz.:: · :=..'1.:i dt:hulled r.!aize t:c pr0duc2 m=ize 

flour. The flour is then r.:ixed with requisite amounts 

of wa-cer, cooked, innocula:tE;d ~nc fermented with a 
.. 

mixed ct~l ture of Lac~ot.:;.::illus plant.::.r~m, Streotococcus 

lactis and Saccharomycas rouxii (Banigo et al., 1974). 

Three types of ogi could be obtained fro~ this process: 

ferr.iented ogi (uncooked} fErment~d ogi (partially 

cooked) and dried instant ogi. 

h siraplified ap?rcach has also been su~gested for 

ogi n&nufacture. This involves cleaning cf Lrain, 

conditioning, cehul:iir.1I./1egcrrning, dry-millin&, sieving 

and p~cKaging of th~ flour (Adeycmi, 1983). Such flour 

would th~n. be usec! for cgi manufacture by steeping f 0r 

2 - 3 ~ays. One aspect of hastening the fermentation 

process is addi-ricn cf. freez(;-dried or powdered st;1rter 

cultures to brinb about the desired flavour and textural 

changes. 

Bread. Ccnsumpticn of bread in Nigeria has increased 

dramatically in the l.::.st f cw years as reflec·ced by the 

present flour consumption of 1.5 million tons (F.A.O., 

1983). The technology of bread ~anu£acture and changes 

taking place during f ermentaticn are well document~d 
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(Pederson, 1379). Most b~k~rs in Nigeri~ us~ th6 

strai[~t dc~~t system ~-ith bulk fernen~~~i~~ for making 

CONDIFElJTS 

Ogirir It is ~ popul~r fermented condiment of the 

Sci.:thern ;?c.rt I ..... . . ; -
L is :rrepareG .!. r.:-.n ICr!!1en-

tatic~ of melon seed (Citrullus vulgaris, Schra.c) ~nd 

us2d in soup preparation (Akind£le, 197S). The cr~2nisrns 

present during th~ f erment<!tion process incl~de 

Bacillus ~· , Lactobacillus plantaru~, Leuconcstoc 

mesentercides, Stre2tococcuE faccalis, Pediccoccus 

c~rcvisiae and Staphylococcus aureus {Akindele, 1978). 

Iru. Obtained from fernentec Afric:'ln locust bean 

cr~rki~ filicoides) is ~nather pcpular nutriticus 

flavo~rin~ cc·r.dirr.~nt in Nigcri.:.. In its f ~rrr.ent.J.t icn 

~ainly BacilluE subtilis ~nd St~plylococcus srecies are 

cl2.imed to yl~y a role (Cclu.."'lf~ 1981). 

Vine:gar. The vinegar is a recently accept~d condiment, 

but oJ::tained first by pci.lmwinc souring,: and later by 

ferffientaticn and conseq~ent distillation (F.I.R.O., 1972). 

Initietives for in<lust~ia~ promcticn wer~ elabor~ted by 

• 
Kuboye: (1977) usinr; a three statjE: ferraent,:lti::-n procedure, 

i.ihcre . .ie aciclifyinJ microorganisms were harb:;red on 

corn-cobs (~nalorue to cak wcod-havin~s). Efforts were 

c .... 
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oa.::~ tc ut iliz.:.; by cons;:q_u.;;r-:: cr.:::;ynic ccr:versic113 of 

., . 
into vincc~r CHbajunwa. 1983). 

Pi to c.nd Eur-..ikutu. T~2 proc!;;ct ior.. :::.nd c..:.nsG!!l'[.1: icn of 

.. . 
ca.Ile ::!.O:nt 1n :n0st 

parts of Afric~. Such beverar.es includ~ pito, ar.d 

burukutu OHgeria), kaffir beer (South Africa)~ rnerissa 

(Sudar.) and bus~a (Keny~) (Ekundayo, 1980, Faparusi, 

et al., 1973, Ogundiwin, 1977, Nout, 1980). 

Burukutu is normally brewed from euinea corn 

(Sorghum vulgc.re, S. bic-:.lor, rto.?,nch). The traditional 

mE.th(.dS of rrep~ratio:11 .J.nc tiocher.tical ch.:mges taking 

place durin3 fermentati0n have been extensively reviewed 

~y Ekundayo (1980). rarurusi ~t al., (1973) isolated 

ever ten raicroorg~nisms fro~ sorghum malt used ir. the 

°t)!'epr:.ration cf hurul<'utu b€:cr. These included ~acct:aro-

!XrjC"-:; cerevisia~, C.:indicla tropical is, Hucor rouxii,, 

Aspergillus fL1vus, ~. -oryzo.(-, Penicillium citrinum. 

The microflor?. cf fermentinr, mixture of sorehum mash 

and gari included Sacchar=oyces cer·evisiar:, S. cheva-

• lieri, Leuconostoc mescntroid•·:s, Ldctobc.ccillu s ~. .3.nd 

Str-=ptococcus lactis. 1.'hi;;; microflora of the burukutu 

beer during n~tur~ticn consisted of Candida mycoderma, 

.£. tropical is, Hansenule ,lnor.:.1L1, Kloeckr;r3 af iculc?.t·:i 

~nd Saccharcmvc~s ~3storianus. 
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l:;.it it d ;ffere in i"ts ,.,,,,1·- 1·"'~'"' 0 '11· ··r-t .. • "-~- ll "i...,~ _..... I.; ' for bre~: in~ since 

r.iaize, Ecrghu~ or ~heir c~mbi~aticn is involve~. The 

raicrccr&anisns responsi~le for the fcrraentaticn are 

Asper4i::;_lus flavua, Pcrricilliurn funiculosur.~, Gectrichum 

.. '1 c -'"d • ..._,_ •1, l'( can<l11.;.ura, c:.:wi ·J. ~- ! . .ac·.oi::;aci .i.US spp. anc., 1·ucor 

rouxii (I:kundayo, 1980). wt: c·::>nsider that Pito is 

mor~ sicilar to Kaf fir beer both in its processing ~nd 

c0mpl~x microbial r€quiremtnts which may lecd to a 

similar industrial prJduction. 

Palm wine. This is an alcoholic beverage produced 

fro~ the sap of various palms tlnd contains a heavy 

suspension of live yeasts ~nd b~cteri~ (Okafor, 197~). 

Several micrcorzanisms are known to be present in pal~-

wine. l.b0ut 17 yeast~ w~r-e isol2.ted by Ok2.for (1578), 

12 cf which belon&ed t0 th~ genus Sacc~~rcmvces~ 4 were 

Candic.J. ~-, c:.nd 1 was an Fndcmyccpsis ~· The bacteria 

isolated from p~lffiwine included Microc0ccus, Streptc-

coc~us, Lactcbacillus, Bacillu5, Brevibacterium. 

Pr~sently effc"!'ts are be:inr direct.:::C. at the controlled 

processinc and preservation of palmwine and 0n the 

prepar.::tion of .for::lul:.ted palr:iwine {Mmeewa, 1984). 

Ogogorc, ~ cistilled alcohol is obtained from palmwine 

by distillatior: (Oduyemi, 1977). 

The producti0n of these fermented alcoholic bcveraees 

has not been fully industrializ£d inspite of available 

inforrr.ation on the traditicnul precesses. Of rec~nt, 
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ther~ is a ~eve at prcmctinc l~rge scale production of 

barley in the r~·:rtl-~er~ st~1tcs w!·to:;re it is trad it i: .. mal 

agrict;l·c1ral crop (Yakubu, 1583). tfoanwhile interest 

h-::ts tE:c:'1 develc-pe~ i~ the use c.f sorshura in br~wing as 

a<lj~r.ct or p0ssibly r~placiug t.arl~y mGlt in a novel 

ty~e of larger beer. T!1is is an attei:lpt to r~dilce 

L~port~tion cf borley which has been estictated to b~ 

over M300 million ($~50 millior.} annually in the last 

few years (Okafcr, 1980). 

OTHER FERMEN'!'A'I'IONS 

Cocoa. Cocoa is prepared from the seeds of the cocoa 

tree (Theobroma cocoa}. The curing of co~oa beans by 

f .:rrnentation is a lonr;-e:stabli3hed practice and serves 

not c.~ly to rc:::nove the pulp but also tc procuce 

desirable; changes in aroma, fl~vour and colour. 

Species of not only ye~sts Saccharo~yces ~llipsoideus 

and S •. :i.piculata, b:..1t alsc lactic acid., butyric ~cid and 

acetic acid bact.::ri.1 and f,e;veral species of molcis may be 

present during the ferm~ntation process. The acetic 

acid b~cteria were identified as strains cf Acetobacter 

rancen~, 1: •• aceti, A. oxydans and II.. me!:?.nogenus 

(Peders0n, 1979) . 

Al thoueh pr•:;cc::s~ing of fermented c0coa beans into 

cocoa pc•wder involves hir~h techn0logy hut the present 

practice cf fermentatic.r. net ah:ays provide thP. rirht 

quali~y cf bea~$. This is Jae to the fact that the 
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f err.LeP.tat: ion i:;rocesses are not c~~trclled by any ~ec.r:.s 

and the ~ocoa !Jeans duri;iE th.::.ir ~rowth <lre hi~hly 

susce~tibl~ to diseases. 

BIOT.t::cw;or.oGY E:JJC!:.TIOi'i ftlJD FESI:ARCH IN NICERIA 

Up till the recent develcpraent of petr0leum 

mining, the Ni,:;erian economy tvas alrr?ost completely 

based on agriculture, the latter employing about 70% 

of the labcur force (Arnold, 1977). It: is this under-

lying factor that has encouraged the establishment cf 

research institutes that are a~ro-based. Such institu-

tes include Federal Institute of Industrial Research 

CF.I.I.R.}, Cocoa Research Institute of Nigeria (CRIN} 

Institute of Agricultural Research (!.A.R.), National 

Cereals Research Institute (N.C.R.I.), ~Ir...t:icnal Root 

Croi;:.s Research Institute: (NRCRI) .:me! International 

Institute of Tropical Agricul~ure (I.I.T.A.). The 

latter (I.I.T.A.) is jointly subsidized by the Rocke-

feller and Ford Foundations and the F~deral Government. 

Research activities i~ most of these institutes center 

on brEeding, cultivation and utilization of food and 

·cash crops. · 

In spite of the number cf these research institutes 

the decisiv·e pc.rt of research activities takes place in 

the Universities. Presently there are 23 Universities, 

offering courses in engineering ~nd technolo~y related 

disciylir.es. In th~ l:ist few yc.;irs there were at~er.tpts 
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2t cc,crdi~atin::; teacl:i.:.g and r2SE·ar~h intc certs.in ar-eas 

cf bictechnology in sc~e cf th~ research institutes and 

Univr::rsi-r ies. For ex2.!:'.pl.:;, -:!t the University of If e, 

f~r~eDtatijn technolofy, food and industrial nicrobiology, 

and f ocd f~rraentati~r: ar.a ta.ugh-: in th€ Ct'!partraents of 

Food Science and Techn0l~gy, Microbiology and Cheh!ical 

Engineering. In some 0f the research Institutes and 

Llniv~rsiti~s research studi~s have been initiated in 

sewage treatment, feB~ntation of local foods, and brew-

ing of alcoholic bcver~ses. 

In the light o~ the above <level~ it nust be noted 

however that effective te?chinr, and research in biotech-

nology and bioengineerinr, coulc ~c a difficult task in 

some African countries. 'i'hest:: su~jects re<!uire well 

equip~ed- expensive laboratories, c~nstant availability 

of bcsic supplies and specialists in all the related 

fields such as biochemistry, genetics, L-:ununolo~y, 

microriolcr,y and engineerin~ (B~lo[h, 1982). One 

cannot overlook the need of industrial experience cf 

the .J.cademic and research staff, furthermore the 

requrements for well-trained middle-level personnel. 

It would therefore be a matter of inportanc0 to 

identify the education.!l and research persP.ectives of 

biotechnclogy in African countries. 
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co~~CLUSIOH 

frOI!l the SUitll".:!cy ::,:>resented aOOVC it is evident 

that traditional biotE.chnolC£Y in Wes~ ft.frica zained 

imp0rtance ma.inly in its feed productic.n as11ects. ·rh€: 

biopr~ccsses used Gre mainly open systeres with a 

ralatively li~it:e~ amount of cont:rcl and only a few 

process applies controlled pur~ cultures in closed 

systeras, therefore biotechnology can be termed as low 

technology "biopr~cess. Th~ ~evelopment of fer~entation 

industries in other co~tin£nts indicates a fast prcgress, 

therefore the question is in what directi:jr1 bictechno-

logy should be oriented i~ West Africa? It is evident 

that not all asp~cts of ~ictechnology can be prcmcted 

neither investmer..t-wist: r.er on the basis of application 

pussitilities. 

The ioternation~l orE~r.izations in ~evelcped 

cour.trie;s have set up ycar•s ~go numer~us working parties. 

comwetties to define tic~echnology anc to decid~ on the 

trend of biotechncl•'.)r;y applications based ·:>n the involve-

rnent of its scientific societies and th~ir Gpecific 

inter~st. Similar intergration is taking place recently 

in developin~ Asian countries under the leadership of 

Thailand. In Latin A~erica alre~dy several pluns are 

under study to i~entify the contin1mt' s priorities. 

It is u wellcom~ for8sight fro~ the international organi-

saticns to initinte the L~eos Pl~n of Action to specify 

und integrate biotechnolcgy in Africa. 
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In our view, ~as~d on the history ~f tiotechnolcgy 

.::.nd on its recent achivementb io West Africa the 

objectives cf !:Jic,technclozy should te based en t:he 

• earlier principles, na.'itely on focJ and agriculture . 

AL'Ilc.st no justification is net:dad to support this view 

in the light of the well kr.own problems of t~e whcle 

continent identified and evaludted by many interna~ional 

orsanizations. We can not but consider othe~ ~pplica-

tion fields as well, in S?ite of the fact that there is 

very little or no.earlier experienc~ on th~se fields, 

namely the environmental and ~e<lical aspects of biotech-

ncloby. · Again littl\S explanation is neetied at this ~tage 

since we all knew the threuteni~b r-roblens carried or 

daveloped during the k>.:lSt ~ec:'.!.Ges .:mg . it is well documen-

tcd by local and international authorities. 

Already several applications of biot2chnology are 

taking pl~ce at differ~nt levels in West Africa, parti~lly 

based on research and successfcl pilot plant productions 

at institutions and universities ~part from some indus-

trial productions. Under the soarinf_; ecrmomic situation 

• prevailinh in most of th~ develo?ing countries 3 greater 

demanG and interest have be~n developed, leading to 

willineness by industries, in new production areas to 

provide n~w products or rathE.:r to produce ni:::cess.3ry 

incredients for already existin~ inrlustries. An excellent 

example is the recent scarcity cf yeast for bakinr. and 

t0 some €Xt~nt f cr bre.,ing in Nigeria. While yeast i 
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pr~d~cticn in its tachr.o~ot.i~~~ req~irements car: not 

- .:i. more 

co~plic~ted bicprocess, the incustrial y~ast production 

is considered ~ ve~ture inv~strner.t while ~~ny other 

much m(;re capit.::?.l denc.~(11.il[ investrr!ents w;::re m2.de 

e~rlier. This is cert~inly the least cesired policy 

by its consequences. It may discourage anj slo~ down 

development both in the use er further application of 

biotechnological m~thods or undermine the sucess of others. 

We have to emphasize that coordination is needed to 

promote: 

(a) the use of already existing (even if it is 

imported) biotechnological processes. 

(b) the fully resec.rched .:!nd well est1blished 

pilot plant b:1t firmly fec.sible processes 

fer industrial application on a moderate 

level but with possibilities for expansion 

(c) the safety of bictechnoloey. 

v:e m.~y further extend the need of coordination 

between researcr. establishr.!ents and industries and 

gov~rnrnental bcdies. With due respect to all vie~s, 

enthusiasm ur <louht ~e h~ve to take a unified stand 

tc apply and develop tiotechnolo&y not as an O'lerall 

colution but as 3 tool to solve our proble~s within 

the chocsen priority ~pplications. 

Finally w~ present in Table l the surnm.:try of 

applic.:ition of biotcchnclo[Y in t!igeria as it is in cur view. 
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T3bl~ 1: S~ises~ed are2s cf pr~sent and future 
applic~tion~ cf tictech~olcgy in Nigeria. 

Fcod C!?r: lie at icr: 

Yee!st 

(bakers, brewe~s} 

Fermented cassava Cgari 

Fermented maize Cogi) 

Brewing Cindi~enous 
alcohclic) Lev~rages 

Grain and lefume breedins 

SCP (industrial waste 
utiliza"ticn) 

.. F d l" . _10n- oe: · app icat.lcn 

Etha.;i•.:l 

Azricultural waste 
utilization Ceth~nol, SCP) 

,;naerobic waste water 
tre:atment 

Vaccine 

Pesticides 
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