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INTRCDUCTION

Biotechnelogy in its, classical cmergenrce i.as been
defined es the applicaticn of micrcorganisms, plant and
animal cells or simply the appiiceticon of biolozical
systems to manufacturing irdustry (Smith, 1981; Bouwink,
1984). Therefore it is pertitnent tc describe blotechno-
logy as a multidisciplinary 2ffort of scientific disci-
plines to applicatior areas such as chemical, pharmaceu-
tical, fermentation, fccd and feed. environmental and
medical diagnostics. The potentials cf Liotechnolozy are
very obvious which has led to its promotion world-wide.
In reality only the vrerm is'hew.because tictechnclogy is
based on ancient microbiblogical processes (brewing,
breadmaking, alchoholic bevoerage prcduction, znd fermented
milk preparation}). It was after the recog.ision of the
role of microorganisms (Pastéur, 1665) that it was turned

intec an engineering oriented industry tc produce not only
food but organic chemicals such as alecohol, butanol,
acetone, glycerol, organic ccids efc. This periocd ended
in 1940. The next 20 years is termed the antibiotic era
which was based con the develcpment of micrcbiolcgy, bio-
chemis{ry, genetics, process engineering, procuction of

antibiotics, virus vaccines and microbial ctercids.

The following next 15 years were termed as the post-
antibiotic era wher. the fermentation industry was utilized

to produce amino acids, single cell protein (3CP), enzymes,




polysaccharides, tiogas, gaschol and lafer gave rise to
enzymc technelogy. From apprcoximately 1875 up till now
the era of new bilotechnolcgies namely- genetic engineer-
ing, hibridoma technology, and bioprocess technology are
dominating bictechnology which has resulted in the
production of mcncclonal aricedies, new vaccines and
human insulin - just tc mention a few examples. It is
predicted that the above three new inncvations will
determine the development of biotechnology in the next
decade and lead to even brcader utilization not only of

product but application wise (Houwink, 198u).

At present the leading powers in bictechnology are
the USA, Japan and Europe. The bictechnological import-
ance of each country is determined by her contribution
to low-and high technolbéy bic-processes and its ability
or rathef competitiveness to éxport. The priorities
'wefe chooﬁéﬁ by each country in’accordance to her resour-
ces or established traditicr in fermentation industry.
in Eurépe, 5 approach‘evenfually determined the role
and priofities‘of biotechnology namely in. industrial and
environmeﬂtal applications excluding. some -breeding -

aspects and medical technology.

BIOTECHNOLOGY IN WEST ATRICA

LR

It i;hfélétively easy to summarizé the position of
biotechnology in developed ccuntries but rather difficult
to talk abcut it in Africa, especially ir Migeria, where
the position of this discipline is not clearly defined

in its terms and priorities.
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Elctechnclogy in its eerliest occurence - focd
Termentation - in West Africa 1is enalog in some aspects
*2 the early European practice. Frce among the fermen-

tations, the alcoholic beverages, fermented nilk,

8

cassava and malze represented pricrities followad by

rany cther applications invelving different seeds. The

P

fermented foods were made by local processors who
produced the raw naterials ané scught to preserve and
market the remains. The fermentations were empirical
and remained sc for a muchAlonger time than in Europe.
VWle call the pericd as the pre-Pasteur zra. The indus-
trialization ¢f fermentations after the recongnision of
the versatile role of micrcorganisms in Europe had
little influence in West Africa, ﬁéssibly cue to the
lack or unavailability cf industrial equipment and
trained perscnnel to handle it (up till 1950). Efforts
were made during the colonial geriod tc promote mechani-
sation of fermentaticns of a few crops such as cocoa
and coffee to improve both quantity and quality of the

products. This development did nct, hcwever, have any

sigrificant effect on indigenous fermentations.

The first industrial scz.e fermentation technology
occurred with the establishment of breweries (1350 ~ 60)
to produce larger beer - the liquid breacd-which was
advertised for its nutritive and energy providing capa-
city. The populerity of heer grew on a fantastic rate

ard within West Africa, MNigeria took the lead in a very
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short perind (EBeazley, 1977). One cannct undar-estimate
the value 2f this pregress from the point of view of

er fermentaticns and the interest among scientists

0
+
o

to study the micro-organisms inveolved in local fermented
fcods of africa (Ekundayo, 1S§82).

-~

The period cf 1960 -~ 1S7€¢ was a period of very
promising eccnomic prospects in digeria and some other
African countries. This led to the establishment, apart
from breveries, of large industries to process milk, and
milk products, while breadmaking was developed intc a
wide-spread practice. Processing technigues were worked
out for the pilot plant or semi-industrial production of
fermented cassava, maize, palmwine, ethanol and vinegar
(Banige and Muller, 1872, Akinrele et al, 1969, Okafcr,

1578, Ikeokwu, 1973). Efforts were also made cr proposed

1

for single cell protein preduction from industriel

wastes (Trevelyan, 1974, Tate & Lyle, 1975). The agricul-
tural actievements of biotechnology between 1960 - 1576
are mainly concerned with breeding fcr better quality

raw meterials, desease resistance and pest control. The
interest was focused on cyanide free cassava, better
yizlding, stcrable maize and legume varieties are summari-

zed recently (IIT#, 1983, Reddy, 1983).

Tke present stage c¢f bictechnology, begining from
approximately 198C, fell within the period when econc-
micelly progressed African countries were restricted

in the importation c¢f raw materials, industrial equipment
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etc. because of their oxheusticn of credits. Uithin a

n

hort perisi a varioat

‘et

of problems aro ¢ and avallari-

|

ity of existing products were drastically reduced.
Possibly, one can ask what will ke the rcle of bictech-
noulogy in conjuction with other disciplines in sclving

this probler and in vhat way will the epplicaticn of

’\'1

bictechneclzgy be cromoted in the future? Perhaps, in

[¥8

answering tiiis quest

g cns It is pertirent tO meyiey

available informaticn cn fermonted foeods in

3

Higeria,
ac the largest country by population, productien and

in previcus years of available financial resources.

FERMENTED FCODS

Gari. One cf the major staple foods in Nigeria is

-

gari, driez product, manufactured from cascava

N

{(Manihct esculenta). The procezdure of manufacture

involves washking, peeling, cutting, grating, fermenta-

by

ticn, frying and cocling (Fig. 1). Traditionrally, the
mash is fermented spontanecusly bty resident microorga-
nisms which zre present in the roots after washing. The

fermentation process ic a two-stapge lactic type cf

fermentaticn of the grated caszava tuber by Corynebaé-

terium manihot and Gootrichum candidum (Collard and

Levi, 1959; Akinrele, 19%64). Other microorzanisms which

have been jsclated include Lactobacillus sop., Strepto-

ceccus spp and L. plantarum beir; asscciated with gari
flivour under model conditions (Ngaba2 and Lee, 1979;

Deougan et al., 1983). The fermencation precess is

mwmmm

AT I T 7V

g
i
3




(3]
v

i — i

—_— l =>! Waste 23 1bs

Cutting >
¢ ; . |Stubs andi Cutting
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Dewateringr = Fermentation —>
(&)

!

Liquor squeezed
out 2C.00 1bs

Sifting -= | Fibre wcoste
1.0 1t
! _
Frying > | Yater evaporated | 0.3% cil may !
l/ 10.69 1bs ' be added. ;
f
Cceling i
J/ - _~y | Fibtre waste |
Sl]:mb — =1 1.00 1t.
Stcraze (ﬂ
y ' )

Gari 10 - 15% moisture
32.0C 1lts. )

Fif. 1: Flow sheet depicting the traditional technique
for zari processing (Cock et al., 1975).
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The technolapy of traditionel prcecssing of

tc gzri hes been documirted (Cook ct al., 1%75). Th

[

fermentation process aims at flavour producticn (Dougan

-

et ol., 19%82) and th: rermoval of cyancgenic glucocs
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b9

2S.

=
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Bourever, it was later shown theat the fermentaticn

less important than the frying prccess in the removal
of residual cyanide (Boszormenyi, 1372. QClarewaju and

Boszcrmenyi, 1©75).

-

The first susteined effcrt at edern 1'iﬁé'the‘
technelogy for gari processing in Nigeria was initiated
at the Federal Institute of Industrial Research (F.I.I.R),
Lagcs in the esarly fifties (Cock =t al., 1975). Their
attempt followed the traditional main lines in the
prepceration of raw materials. Thz fermentaticn is
hastened by the reinoculazticn of already fermented
cassava press juice intc unfermnented lots. In the
further steps of drying and sieving the main advantage
is the use of incdustrial equipment to cbtain better
quality product. Joint efforts betwcen F.I.I.E. and
Newell Dunicrd of England led tc the manufacture of a
fully mechanized plarnt. The first of these plants was
installed in the Gambia in 1673 {(Zkundayo, 1980).
However the full desecription of the plant together with
ity functioning was provided by ikinrele in 1964.

Despite the stablishment ct smzll scale gari industries
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are aveileble in iiterature on gari fortificaticn with

dcfatted groundnut maal, £y

11 fat soya flour, sesame
seed flcur and dried brewers yeast (Akinrele, 1367,

Mcrse and Uriah, 1975, Ojcfeitimi, 1978).

-

grain in water fcr two to three days, fcllcwed by wel-

process of minufacture invelves fermantation {steeping)
f

L BT
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milling, wet-sieving znd scuring for atout 12 - 48 hours.

uct 1is 2 white mash which when cooked
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produces 2’ thin gruel (porridge) which is used as a

weaning food for infants and major breakfast cereal for (:

o

adults (Banigo and Muller, 1972, Banigo and Adeyenmi,
1975, Muller, 1960, Ekpeyong, 1980). Ogi is also cooked
and turned into a stiff gel celled c¢ko or agidi. to
make’d ‘meal (Akinrele, 1270, Umoh and Fields, 1931).
Similar product, kenkey 15 wicely censumed in Chana

(fuller, 1980, Vithby, 1559).
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r1 manufacture is a4 wild

and Penicillium. Others includle Corypebacterium sp.

Aercbzcter cloaceae and Lactcbacillus plantarum (Akinrele,

1970). Okeafor (1$7%) isclated the following microorga-

nisms in ogi: Padiococcus gunthen and Pediccuccus

pehtosaceus and Candicda sp. In a related study, Fields

et ai., (1681) identified Lactobacillus fermentum

Lzctobacillus cellobiosus and Pediocuccus acidilactici

. o
in ferrented cornmeal mixed with water at 37°C. The
overall effect of steeping and souring is to develop
the flavsour characteristics ¢f ogi which have been

tributed to carboxylic acids, th2 mest important being

R LRGSR RN TR NAT ATNMAN SRR

lactic, acetic and butyric a
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Zs (Banigo and Muller,

187z2).

Two industriel processes of ogi manufacture have
been ceveloped. The first is the manufacture of soy-
ogi, a mixture of 70 parts of corn to 30 parts of soy-
beans (Akinrele et al., 1970). The first step involves
separate steeping and wet-milling of maize and dehulled
steamed cooked soybeans. In the fermentation process
corn and soya slurries are mixed and allowed to ferment

naturally in the presence of micreflora developed

-_r‘-»n . sgean
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Th: secend industrial appreach invclves cry-mill-

flcur. The flour is then rixed with reguisite amounts

of water, ccoked, innoculated ané fermented with a

mixed culture ol Lactelacillus plantzarum, Streptococcus Y

lactis and Saccharomyces rouxii (Banigo et al., 197t). s

Three types of ogi could be obtained frcm this preocess:

fermented cgi (uncooked) fermented ogi (partially

g

cooked) and dried instant ogil.

A simplified apprcach has also been suggested for

ogi manufacture. This involves cleanirng cf grain,

[~
(=]

conditicrning, Zehulliirnz/degerming, dry-milling, sieving

TS At S i e O e

and packaging of the flour (Adeyemi, 1983). Such flour

-

would then be used for cgi manufacture by steeping for
2 - 3 days. One aspect of hastening the fermentaticn

process is additicn cf. freeze-dried or powdered starter

cultures tc bring about the desired flavour and textural

~
charges. (/
8read. Consumpticn of bread in Higeria has increased
dramatically in the last few years as reflected by the
present flour consumption of 1.5 million tons (F.A.O.,

1983). The technology of bread manufacture and changes

taking place during fermentation are well documentcd
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Gziri. It is 2 popular fermented condiment of the

rt

Scuthern sart of Nigeria. It is prepared from fermen-

taticn of melon sead (Citrullus vulgaris, Schrad) znd

used in sour preparaticn (Akindele, 1878). The creganisms

present during the fermentaticn process include

Bacillus sp., Lactobacillus plantarum, Leuconcstoc

¥

*oqy

nesentercides, Strestccoccucs foecalis, Pediccoccus

cerevisiae and Stephvlococcus aureus (Akindele, 1978).

Iru. Obtained from fermented African locust bean

(Parkia filicoides) ic cnother popular nutriticus

filavouring condiment in Migeri:. In its fermentaticn

mainly Bacillus subtilis and Staplylococcus species are

claimed to play a role (Odunfa 1¢81).

Vinegar. The vinegar is a recently acceptad condiment,

but obtained first by velmwine souring, and later Ly C}
fermentaticn and consequent distillation (F.I.R.0., 1572).
Initiatives fcf industrial. promcticr wera2 elchorated by

Kubcye (1677) using a three stage fermentaticn procedure,

where :Aa acidifyinz microorgenisms were harbsrasd on

corn-cobs (znalogue tc cak wcod-havinge). Efforts were

Lk A
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nade to utilize by consequent enzymic cerversicns of

its conversion

R R L LT D Y T

Jomt
w
(&)
(&%)
-
"

'

into vinesar (b

FERMERNTCD ALCOEOLIC BIVERAGES AHL VIKNE

Pitc and Burukutu. The production and consumpticn of
fermented beverages fro cereals is ancient in mest

parts of Africa. Such beverages inclucde pito, ard

burukutu (Nigeria), kaffir beer (Scuth Africa). merissa
(Sudan} and busaa (Kenya) (Ekundayo, 1980, Faparusi,

et al., 1673, Ogundiwin, 1977, Nout, 1880}

Burukutu is norma2ily brewed from guinea corn ?

:

(Sorghum vulgare, S. bicoler, Mosznch). The traditicnal :
metheds of preparation and tiochemical changes taking ;
place during fermentatiun have been extensively reviewed ;
by Ekundayoc (198C). Tapurusi ct al., (1973) isclated :
cver ten nidrooruqnluns from scrghum malt used in the ;
preparation ci burukutu beer. These ircluded Sacclharo- %
oy -5 cerevisiae, Candida tropicalis, Mucor rouxii, E
Aspergillus flavus, 4., oryzae, Penicillium citrinum. 2
The microfleora of fermenting mixture of sorzhum mash i

and gari included Saccharcmyces cerevisiae, S. cheva-

lieri, Leuconostoc mescntroides, Lactobeaccillus sp. and

Streptococcus lactis. 7The micrcflora of the burukutu

beer Curing neturation consisted of Candida mycoderma,

C. tropicalis, Hansenule anomala, Kloeckera apiculata

and Saccharcmyces »astorianus.

. merrn  neme .-
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Pitc 15 a SsiE
tut it differs in its main ingredient for brewing since
maize, socrghum or their combiration is inveolved. The
microcrganisms responsible for the fermentaticn are

Gdspergillus flavus, Penicillium funiculosurm, Gestrichum

canéicdum, Candid: spp. Lac*obacillus spp. and Hucor

rouxii (TZkundayo, 1580). %e consider that Pito is

more similar to Kaffir beer both in its processing and

0'!

complex microbial requirements which may lead to a

similer industriel production.

Palm wine. This is an alccholic bevesrage producsad
from the sap of various palme and contains a heavy
suspension of livea yeasts and bacteriz (Okafor, 19?%).
Several micrcorganisms are known to be present in palm-~

wine. £bout 17 yeasts were isolated by Okafor (1572},

12 ¢cf which belonged to the genus Saccharcmyces, 4 were

Candica s»2., and 1 was ar Endomyccpsis sp. The bacteria

.

isolated from pelmwine included Micrococcus, Strepte-

COCTUS, uactfb“c*Llus, B1c1lluv, Brevibacterium.

Presently efforts are being directe¢ at the controlled
processing and preservation of palmwine and cn the
preparction of formulzted palmwine (Mmegwa, 1984).

Ngogorc, 2 distilled alcohel is obtained frcm palmwine

by distillatior (0duyemi, 1377).

The production of these fermented alcoholic beverages
has not been fully industrialized inspite of available

information on the traditicnal prccesses. Of reacent,
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there is 2 move at prometing lorge scale production of
barley in ths horthern states where it is traditiasnal
agriculeural crep (Yakubu, 1583). Meanwhiles interest
has been developed in the use of sorghum in brzwing as

adjunct or pussibly replacing barley malt in a ncvel

type of larger beer. This 1s an attempt to reduce
importeticn of barisy which has been estimzted to be

over N3G0 million (3%50 millior) annually ir the last

few years (Okafcr, 1980).

OTHER FERMENTATIONS

Cocoa. Cocca 1s prepared from the seeds of the cocoa
tree (Theobroma cccoa). The curing of cocoa beans by
fermentation is a long-established practice and serves
not orly tc remeve the pulp but also tc produce
desireble changes in aroma, flevour and colour.

Species of not only yeasts Saccharomyces ellipsoideus

and §. apiculata, but alsc lactic acid, butyric acid and

acetic acid bacteria and several species of molds may be

present during the fermentation process. The acetic

acid Lacteria were identified as strains cf Aceiobacter

rancens, i». aceti, A. oxydans and A. melanogenus

F

(Pederscn, 1579).

Although processing of fermented cccoa beans into
cocoa powder involves high technulogy but the present
practice cf fermentatior nct always provide the right

quality cf bears. Tnis 1s due to the fact that the

|
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fermentation processes are not contrclled by any means
and the cocoa beans during their growth are highly

susceptible to diseases.

BIJTECHNCLOGY EDUCATION AND EESTARCH IN

iz

ICERIA

Up till the recent develcpment of petroleum
mining, the Migerian econcmy was almost corpletely
based on agriculture, the latter employing about 70%
of the labcur force (Arncld, 1977). t 1s this under-
lying factor that has encouraged the establishment cof
research institutes that are agro-tased. Such institu-
tes include Federal Institute of Industrial Research
(F.I.I.X.), Cocoa Research Institute of Nigeria (CRIN)
Institute of-Agricultural Research (I.A.R.), National
Cereals Research Institute (N.C.R.I.), leticnal Root
Crops Research Institute (NRCRI) and International
Institute of Tropical Agriculture (I.I.T.A.). The
latter (I.I.T.A.) is jointly subsidized by the FRocke-
feller and Ford Foundations and the Federal Government.
Research activities in most of these institutes center
on breeding, cultivatiocn and utilization of food and

‘cash crops.

In spite of the number cf these research institutes
the decisive part of research activities takes place in
the Universities. Presently there are 23 Universities,
cffering courses in engineering and technology related

disciplines. In tho last few years there were attempts

3
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teaching and rasearch intce certzin areas

cf bictechnclogy in scome cf the research institutes and
Universities. TFor example, at the Univgrsity cf Ife,
fermentatisn technology, food and industrial microbiology,
and focd fermentaticrn are taught in the departments of
Feocc Science and Technolo gy, Micrebiclegy and Chemical
Enginesring. In soms of the reszarch Institutes and
Uriversitics research studies have been initiated in
sewage treatment, fementaticn of lccal fceds, and brew-

ing of alcoholic beverazges.

In the light of the above development it must be noted

however that effective teaching and research in biotech-

]

difficult task in

r

nclogy ané bioengineering could

some African countries. These sutjects require well
equipped- expensive laboratories, constant availability
of basic supplies and specialists in all the related
fields such as biochemistry, genetics, immunology.
microtiolcgy and engineering (Balcgh, 1982). OCne
cannot cverlook the need of industrial experience cf
the academic and reseaéch staff, furthermore the
requrements for well-trained mid-dle-level persconnel.

It would therefore be a matter of importance tc

identify the education.:l z2nd research persp ecf1v;s cf

biotechnclogy in African countries
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COXCLUSION

From the surmory Dresented above it is eviden -

iitional biotechnolcgy in West Africa rsained

rt
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n its focd producticn aspects. The

I

importance mainly
bioprccesses used ere mainly open systems with a
relatively limited amount of contrsl and only a few
process applies controlled pure cultures in closed
systems, therefore bictechnclogy can be termed as low
technqlogy'bioprqcéss. The development of fermentation
industries in other continents indicates a fast prcgress,
therefore the question is in what direction bictechno-
iogy should be orientel in VWest Africa? It is evident
that not all aspects of bictechnclogy can be promcted

neither investmernt-wise nor on the basis of epplication

The iaternaticnzl organizations in develsped
courtries have set up vears 2gc numerous weorking parties:
commetties to defire biotechnology ané¢ to decide on the
trend of bictechnelsgy zpplications tased on the involve-
ment of its scientific societies and their specific
interest. Similar intergration is taking place recently
in developing Asian countries uncer the leadership of
Thailand. In Latin America already several plans are
under study to identify the continent's priorities.

It is a wellcome foresight from the international organi-

saticns to initiate the Lagos Plan of aAction to specify

and integrate biotechnolcgy in Africa.
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n our view, hased on the history cf Listechnelegy

P

and on its recent achivements in Wast Africa the
cbjectives cf bictechnclozy should ke based con the
earlier principles, namely on focd and agriculture.
Almost no justification is need@d to suppor:i this view

in the light of the weli known prcblems of the whele
centinent identified arnd evaluated by many international
orzanizations. We can not but consider other'applicg—
tion fields as well, in spite of the fzct that there is
very little or no earlier experience on those fields,
namely the environmental and medicel aspects of biotech-
nelogy.  Again little explanation is neeced at this stage
since we all know the threatening problems carried or
developed during the past <eczdes and it is well documen-

ted by local and interrational authorities.

lready several applicaticns of biotechnology are
taking plcce at different levels in VWest fAfrice, partizlly
based on research and successful pilot plant productions
at institutions and universities apart from some indus-
trial productions. inder the soaring economic situation
prevailing in most of the develoying‘countries a greater
demand and interest have been developed, leading to
willingness by industries, in new procduction areas to
provide new products or rather tc produce necessary

ents for alrcady existing industries. An excellent

[N
[N

nered
example is the recent scarcity cf yeast for baking and

to some extent for breting in MNigeria. While yeast
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producticn in its tachrotogical requirements can not

(49

be compared tc let say aminc acid preductior - 2 more
complicated bicprocess, the irdustrial yeast production
is considered 2 venture invastmert while many other
much mcre capital dempanding invesiments were mage
earlier. This is certainly the least desired pclicy

by its consequences. It may discourage and slow down
development both in the use cor further application of

biotechnological methods or undermine the sucess of others.

We have to emphasize that ccordination is needed tc

promote:

(2) the use of already existing (even if it is
imported) biutechnological processes.

(b) the fully researched andé well established
pilot plant but firmly feasible prccesses
fcr industrial application on a moderate

level but with possibilities for expansion
(c) the safety of bictechnology.

¥e may further extenc the need of coordination

betvieen research establishments and industries and S

governmental bcdies. With due respect to all views,
enthusiasm or Jdoubt we have to take 2 unifizd stand
tc apply and develop Liotechnology not as an overall

solution but as a tool to solve our problems within

the chocsen priority applications.

Finally we¢ present in Table 1 the summary of

application of bLiotechmology in Migeria as it is in cur view.
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Teest
(bakers, brewers)

Starter cultures

Fermented cassava (gari
Fermented maize (ogi)
Brewing (indigenous
alcohclic) Leverages
Grain and lesume breeding

SCP (industrial waste
utiiizaticn)

tresent ana future
Eictechrolegy in Nigeria.

sicn-Focd applicaticn

Ethancl

»

fzricultural waste
utilization (ethanol, SCF)

nnaerokic waste water
treatment

Vaccine
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