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INTRODUCTION 

Cassava cultI\atlOn and processmg aclmlles pro\1de household tood secunty, mcome and emplo)ment for over 
500 nulbon people m AJ:oca, 4.S111 and the Amen",as Cassava lS mamlv produced by smalJ fanners m tnghIy dlverse 
and complex famung systems wlth httle use of modem technolog:¡cal mputs The crop plays an mcreasmgl) 
tmportant role m ensunng food secunty especlally m margmal agroecolog:¡es where there are few other cropprng 
a1ternatIves Its lugh y¡eldmg abdtty under marg:¡nal condtl1ons, adaptatlon lo drought, tolerance to pest and dlSease 
attack and rndetemunate harvest penod contnbutes lo sustamrng producl1on on hnnted land arcas, reducmg 
seasonahty of supphes, IlUI1ll1llZlIlg I1sks of crop fauure and modera11ng labor constramt~ 4.ll of these faclors are 
closely related lo food secunty al Ihe household level and make cassava a subslStence crop par e).cellence However 
as urbaru7Ahon conhnues 10 be a dornmanl demograpmc force and rural populatlOns wntmue lo rntgrale to urban 
centers, maJor changes m me! and food wnsumptlon panerns are occumng As urban markets have developed and 
cassava fanners have moved mto the market i:Conomv they have been confronted bv a durnrushmg demand tor Ihelr 
tradttlonal product The chalJenge for 19ncultural researchers and pohey makers he m promotmg the transltlOn oí 
eassava from a basle staple that proVldcs a substanhal elemcnt of food sccuntv to rural econorntes mto a multI-use 
earbohydrate souree, as a means of mamtamrng the meome generattng potenlIal oí lhe erop In thls process, 1I lS 
neeessary to hnk the small-s"ale tanner lo a1ternatlve and cxpanslVc markets Tms paper presents the expenen"es oí 
the Centro InternatlOnal de '\gncultura TropIcal, m supportmg and collaboratmg \vlth mlernallOnaI and natlOnal 
agncultural research, teehnology transfer and de"elopment ¡nshtutIons lo acmeve these goals 

M:ETHODOLOGY 

CIAT's Cassa'Va Program gOallS lo enhance the crop's contnbutlon to the well-bemg of ",asS3'V3 fanners 
proeessors and eonsumers To aclue've thiS goal knowledge re~earch melhods and teehnology components are 
generated whose deployment willlead to sustamable tmprovement m the leve~ quahl\ and stabdtt\. of caSS3H 

produetlOll, dtversrlica!lon m the cnd uses of the crop and !U"reased food secunty 

The Cassava Program uses an mtcrdlsclphnan, l,ornmodlty system approach wmeh sceks 10 mtegrate researeh m 
germplasm tmprovement Wlth researeh ID erop management and process, product and rnalket development Early m 
Its hiSloIY, the program recogruzed that research m product, process and market development was \he ke) lo 
ma.'.Irruzmg the crop'g !rue potenbal as a source oí admllonalmeome for small- lo medmm-scale fanners 

Expenences obtamed by CIA T and eounterpart mstltullons durmg ¡he last 15 years have resulled In the 
dc\elopment of a generalLzed methodology for hnkmg cassava farmers lO polenllal groMh markets VIa ne,,, 
processrng technology and ncw producl development Tms methodology auns al eoordrnalmg changes In famung 
systems "'Ith "hanges m the marketing S}slem wltbtn !he framework of a m¡¡Jtm.t1tutlOnal mtegrated proJcct Tm¡, 
melhodology IS known as Integrated Cassava Research and Development ProJects (ICRDP~) 

The ICRDPs are defined as an m.l1tutlOlll!1 technologIcal saeta! and orgamzallonal mlenentton des¡gned 10 lm1. 
small-scale cassava tarmcrs to new or tmproved gro",t)¡ markets thus shmclalmg demand for tmproved productlOn 
technology components The ICRDP methodology consL~ts oí four sequenced stages (Flg 1) descl1bed ru. íollo",s 

020705 
% II S~f 1995 

The 1uthors are Seruor Re<earch Fellow C"'<1va Progrnrn 1nd Intenrn Deputl- Dlfector General Re<earch. Cemro lntemaC10TI11 de 
.l..gn\...ultu ~ TíOptl-ltICIATI Cah Colombt.t "'e~pet.tl\Lh 



Macro olanmng 11us stage analyzes the overall soclo-econorruc and rural development SltuatlOn of a wuntry or 
reglOn targeted for the ICRDP These studles help m the IdentlficatlOn of potenbal demand for cassava and denved 
products, the abillty ofthe ~rop to compete Wlth other products as well as the potenbal for cassava productlOn m 
drlferent reglOns The mo,t pronusrng market and the wrrect target reglOn are selected m tlus stage 

l\1lcroplannmg Wlthm the target reglOn, rnformatlOn IS generated to defme markct characten,lics, productlOn 
pracbces and constramts avauabillh of m>tltutlOnal ,upport, eXlstmg farmers' orgaruzahons cassava plO(,essmg 
technologles and goverrunent pnonties The end resuJt IS the selectlOn of the slte for unpkmentabon of th~ puot 
proJect and the Identlficauon ot m,litutlOnal partners 

Pllot orOlect The puot proJed 15 used to evaluate the te~hru~aI, econorruc and operabonal íeaslbillty of 
productlOn and post-harvest technology under local, real comhboflS Farmers are unportanl proJecl actors and 
declSlon-makers dunng tlus stage Expenences are gamed m aspects offarmer orgaruzatlOn and trammg wluch may 
be employed dunng the expanslOn stage to follow Al the end of llus stage sufficlent first-hand data IS avauable lo be 
able to formulate or reJect an expanslOn to wrnmerclal scale operabon 

Commerclal exoanSlOn ph,lse RepllcatlOn of the use of the cassava producbon and processrng technology and 
the new or unproved product 15 promoted m tlus stage Credlt !mes for crop productlOn and processmg and 
msbtutlOnal requrrement> for trauung and techrucal ass15lance for farrners can be forrnulated based on leal costs A 
morntonng wstem IS establlshed based on rnformabon gathenng mecharusms ffilliated dunng the puot stage The 
morutonng system 15 unportant rn helprng to deterrmnate how the benefits of the mtroduced technolog} are bemg 
d15tnbuted and proVidmg feedback tor the resolutlOn of constramts that are encountered dunng ~ornmerclal 
operabon 

Complementary to the ICRDP strategy, CH T's Cassava Program has been acliVe\y rnvolved rn generatmg and 
transferrrng productlOn and post-harv(,st te~hnologles Cassava post-harvest research and development 15 based on a 
market-onented product development approach m wluch unsal15fied COflSumer needs are Identlfied and proce~~e~ are 
de\.eloped to fu\f¡JJ these needs TIu, product deve\opment strategy" together Wlth the process of generatmg 
rmproved productlOn technology 15 a key part oí the broader strategy of mtegrated cassava proJects The process of 
product deveJopment 1, dlVided mto four m,Mct stage, (FIg 1), descnbed as follows (Wheatlev et al, 1995) 

IdentlficatlOn of product Ideas A 1,llge number ot Ideas 15 frrst generated and then the be,t optlOns are 
se1ected for íurther mvesligatlOn based on market and technologl~aI factors 

Re,earch Dunng tlus stage market studles and consumer research are camed out to IdentúY demand and Ihe 
requrred charactenslics of the selected products Sunultaneously, techrucal research focuses on the product and the 
processes needed tor 115 productlOn \Vlth lhe rnformalion generated m ttus phase, a prefeaslbilih stud, can be 
prepared 

Pllot and commercml phase Followmg a p0511n.e prefeaslbillt) study, a puot stage IS unliated lo mtroduce on a 
r ~duced scale, mIo a spe~lfic cassava growmg reglon, the post-harvest and the assoclated produclion technologles In 
tlus phase the technology 15 operated by the mtended beneficlanes The puot phase mvolves nsks because the process 
and products are still unproven Smce farmers are mvestmg tune and resources, t1us phase and the subsequent 
cornmercla! phase are better camed oul Wllhm Ihe conlexl oí an ICRDP or rural development proJecl Ihal can 
proVide the desrred level of m&htulionaL financIa! and 10glslical support (FIg 1) 

CIA T and collaboratmg mslitullOns have been unplementmg actTV1tles m wluch the ICRDP and product Jevclopment 
approaches have been mtegrated wllh lhe arm of Imkmg cas~ava tarrners lo expandmg markel~ To rCVle\~ Ihe re,ulls 
lessans and rmpllcalions oftlus \\Ior!,., lhe anahsls \\I¡JJ concenllate nov, on research and delelopment \"ork camed 
out \Vith tour proce&,mg technolog¡es that have .,hown to have the greatest potenllal tar plOmotmg and absOl bmg 
mcrc1'icd cas&ava productlOn These products Ire dn C1Ssava for 1rumal fccd fresh ca&sa"a for human 
con'llmnhon C1..,&ala 110Ul l~ d human toad and ~ 1"8a" .1 <;t1lch for ¡he lood mdu,tn 



1 DRY e -\SSA VA FOR -\NIMAL FEED 

Up unlll 1980, research work al CIAT on dry cassava was auned al developmg Ihe natural drymg technology 
employed m A~IJI wllh a Vlew to unprove /he quahty oflhe dry product ThIs work camed out m collaboratlOn wilh 
Ihe TropIcal Products Instttule- TPI 1 alIowed CIA T to gam consIderable expenence and know-how on "assava 
drymg, especlallv natural drymg lechmque such us Ihose used m ThaJland In 1980 /he Colomblan govenunenl 
requesled CIA T s asslstance m resolvmg /he problem of excess cassava productton and lack oí mar1.ets m the 
Atlantlc Coasl reglOn oí the country At the same tune the Cassava Program was confronted \Vlth doubts about ItS 
ability to reach farmers Wllh /he lechnolog¡es generated and to attam mcreased produclIVlIY '\fter a senes oí mlernal 
planrung exerClSes focusmg on socIal obJecttves , a new research and development framewor1. was formulated 
mcludmg Ihe need lo be dtrectly mvolved m "assava-ba~ed rural deve10pment programs The Program /herefore 
Jomed forces wllh Ihe Colomblan govenunenl and a puot proJect was unllated lo assess the techmcal and econonu" 
feaslblhty of producmg dry cas~ava dups for the anunal feed mdustry The dned dup market was wnsldered 
proffilSmg because of the rapld deve10pment oí the natlOnal poultl} and swme mdustnes The puot proJect was 
slarled Wl/h a small farmers aSSO"latlOn and .mce then has grown lo be a regIonal proJect wlth over 100 
farmers' groups and an arroual output oí 15 000 t per year 

Acceptance by the feed manufacturers oí drv cassava as a raw malenal m /hetr ralJons was l.ey lo Ihe success of 
thlS post-harvesl lechnology The cassa'\a crop h~ several advantages compared wl/h o/her carbohydrate sour"e., 
especlallv o/her rool crops Root dry matler content IS lugher, al 35-40% , g¡VlUg optunum wnverslOn rates of 2 5 1 
or betler CA er 85% of root dry matler conslsts of lughly rugesttble starch Potenttal dlSadvantages of cassava roots 
are therr bul1. and rapld penshabilil), therr low protem content and the presence of cyarudemall root tlssues 
Through sunple processmg, /he rusadvantages ofbulk and penshability can be overcome, when mOlsture content falls 
below 14% a stable product lS obtamed Drymg also penruts the ehnunatton of most oí the cyarude present m root 
tlSsues The dlsadvantage of low protem content can be overcome through pnce compettttveness 

The expenences obtamed by CIA T m ColombIa re~ulted m the formulatton of a generahzed methodology for 
mtegrated cassava resealch and development proJec~ The drymg lechnology has spread trom ColombIa to Ecuador 
and BraZli where lt has been adopted \Vlth great success It IS esttmated that about 350 drymg plants now operate m 
Latm Amenca The underlymg phtlosoph" belund the ICRDP's was that declmmg tradltlOnal cassava mar1.ets dld 
not offer mcentlves for cassava farmers to adopt technolog¡es for mcreasmg productlOn The mtroductton of an 
alternattve market should mcrease demand and encourage lechnolog} adoptton by tarmers Data obtamed from 
surveys conducted m Colombia Ewador and BraZli lo analyze adoptlOn patlenlS for produ"tton and pro"essmg 
technolog¡es and the econonuc unpact brought about through /herr adoptlOn lS surnmanzed as follows 

• EvolutlOh ofthe dry cas .. ava mdustl") In 1994 there were more than 150 farmer's ("ooperallves and 
assoclatlOns and pnvate entrepreneurs operatmg m the Atlantlc Coast Wlth an annual productlon oí drv cassava 
estunated m 35,000 t per year and a total '\alue of near US$ 6,2 mtlhons ThIs represents a demand for 90,000 t of 
fresh cas~ava roots and con espond~ to approxunately 10% of the total cassava cornmerclahzed m the rt,g¡on 
(Henry el all, 1994) 

In Ecuador the growth ofthe proJect W1S not m Ihe number offarmer's "assa\a processmg orgaruzatlOm, bul 
rather m the capacltv of each processmg urut In 1992 there were 17 assoclattons m Ihe provm"e oí \l!anabl Wlth 
a total oí 320 farmers The market untIaIl) de'\eloped m Ew •• dor for dr) cassava clups was íor Ihe E"uadonan 
shnmp mdustrv Tlus mdustnal market was based on the dlscoverv /hat cassava flour can subslltute for rmp0l1ed 
chenucal agglutmants for íish íeed pellets In 1989, llus market represenled a demand of o"er 8,000 tonne~ 'year 
When trus market collapsed, other unportant mdustnal u~es were rapldly Idenl1fied A ven rmportant expenen"e 
related to mar1.et d¡versrncalion was developed wilh ,trong farmer tltroughout the process 



In the Slale of Ceara, ~ol1heast BraZIl lhe dn cassava processrng lechnology was adopted rapldly In Ihree 
years from 1989, Ih.:: number oí Lassava-based agrorndUbtnes rncreased from 8 10 158 Tlus e"ponenttal growth 
was posslble Ihrough local agencies successfull) approachtng drfferent governmenl agencies and programmes on 
behalf of the farmers' groups lo obtarn grants Drven.e programs of grant-type financia! ilId wele then launched 
and farmers weTe helped 10 buud thelf cassava plOcessrng agrorndustnes 

.. EvolutlOn of cassava rools pnces at fanll 1('\ el Cassava rool pnces pilld by the processrng plants rn Colombia. 
are U!oualh !ower Ihan ¡hose pilld bv the fresh millket bul annual lluLtualloru. rn pnLe, have dururushed The 
rntroductlon of an alternatlVe market fOl ¡he f¡e~h product has also acted as pnee regulator rn the Ílesh urban 
market Wlth has benefited urban consumels 

In EwadOl, total "assava produetton and "assava pnces al fann-Ievel have mcreased dunng ¡he la&t years m the 
Provrnce ofManam As a eonsequenee, 5maU lann hou5eholds have benefited [rom the rntroductlOn oflhe 
alternatlVe matkets 

In BraZIl severe vanattons lfl supply ¡¡lid pnces of "farmha de mandioca (a roasted cassava Hour) ha,e 
dururushed when the cassava-hased rural dC\e1opment proJect was tmplemented and as a result, an alternatlve 
commerc!al!zauon ,)stem was developed m wlueh farmers are bemg patd better pnces for therr cassava crop 

EvolutlOlI of area planted In ¡he Colomblan and E .. uadonan ~ases, lflcrea.ed demand and pnee stabtbzatlon has 
reduced cornmereJallzatlon nsks fOI ca.sava I oot~ and el eated an mcentlVe tor e>.panslOn of planted area 
Accordmg lo data from ¡he MUllslry of Agnculture Colombia, dunng the penod 1980-84 total area planted Ivllh 
cassava rn the leglOn dururushed at an annuallate of7 5% Tlus sltuatlon was rC\ersed írom 1985 up to 1991 a 
penod m wluch the area planted \\>Ith cassava mcreased al an illtnua! rale of 11 4% 50% of farmers menlloned 
tmproved market and eXlslence of cassava dnrng plants as the pnnclpal reasons for mcreasrng cassa.a areas 
(Gotrett et al, 1993) In BraZIl, the span ofthe proJect cOlflclded Wlth two consecutrve years of severe droug}¡t 
and ~easonal availability oí surplus 100ls for processlflg mIo dI)' cassava was affected 

Adopttoll of Improved PI OductlOIl technologles Increased cassava productlol' m these reglOns was due nOI onh 
lo mcreased arca but also to rncreased productlVlty .JS a result of adophon of Iffiproved productton teehnologIes In 
ColombUl, studles mdlcated tha! adoptlon levels were ~lgrufieant1y lugher for areas \Vlth Iffiproved markel lcce~s 
and mstItutIOnal support compared lo Ihose arcas \V11h oruy ¡he trarutlOnal fresh market Tlus has been sho\Vn for 
drfferent !vpes of technolog} components 1 e vanetal managcmcnt and practl\-e~ Ihat demand addllional mputs 
The adophon of ca~sava produehon wmponents ~rnce 1984 has resulted m considerable )'Ield gams oí 12-25°Í> 
Wllh respe("t lo Irarultonal market areas (Henry et al 1994) Both J Icld gillU and adoptlOn levels were Mgrufi("anth 
htgher ID arcas \Vere cassava tCLhnology ("omponents \Vere mtegrated (Table 1) In Ecuador, tannef'!' adoplton of 
an IffiplOved ea.!oava vanely, m who!oe development ¡hey pamClpated. re~ulted ID mLlea.ed yleld and better 
quahrv of the rools [or Ihe pro(.,es~lflg operatlOns However m BraZIl the proJed' s tmpad on <"assava produdl\lltv 
and adopllOn of tmproved productlon technoloID' has been nnpeded by Iaek oí opporturulies for fanncrs to 
pun.hase or rent addlhonalland or pur"hase lflputs 

• Dlstnbutlon of benefits Estttrulte~ made bv CIAT "alculated !ha! dunng the penod 1984-1991 the Las~a"a 
se"tor m Northern Colombia benefited by almost US$ 22 mtlhon when research lo Iffipro,e ..,assa,a ..,rop 
management was lfltegrated \Vlth researeh on pro"essmg, markettng 3nd wnsumer preíerences (Gottret el al 
1993) Cassava produeers were the group Ihat most benefitcd from the mtegrated cassava proJcCI rn the reglon 
gilltnng 69% of Ihe total benefils F eed manufactures eaptured 20%, urban eonsumers 9° o and tanner pro~essors 
recelved 5 0,& The only group that presenled 108&eS as a consequence of the new market were Ihe rnlelmed¡anes lo 
whom stabtltzalJon oí pnLcs for fresh eassava represenled a 1088 oí 3 % of the tolal benefits (T able 2) 

In Ecuador annu.tI wemge m<"ome eamed b, tanners members oí the (.,as~ava-bll!oed aglOmdu~lnes was LSS 
225 0\ er 1 ,¡X-ve.lf penod \\ herel~ non-member ... gJm~d onl, U<,S 85 ·\ddltlOnallv Imp0l1ant illLOme \\ 1, 



captured bv groups such us women non-members landless fanners and cluldren when peelrng the cab~ava roots 
was needed lo attend lhe requrrements of the new mal1,ets Thes~ a"hvthes were, m many "abes lhe onh source 
of off-fann mcome for these groups 

In BraZJl total mcome gamed bv fanners durrng Ihe Ihree ,ears oflhe project leached US$ 163689 oí "Iu"h 
nearly 40°'0 corresponded to sales of cas,ava roOlb 10°0 lo proccssmg ~vag~s and about 50°'0 wlTebponded lo 
prolits m the "ornmerclahzatlOn 01 the dn cassava 1hese beneÍlts "ele dl&tnbuted ,mong smallholders (60~0) 
renters (32°0) and ,harecroppers (8°0) (Ospma el al 199) 

2 FRESH e ASSA" A FOR HUM<\N CONSUMPTION 

The lughh penshable nature of fresh ~assava roots make It a nsky product to mar1.et and an mconveru~nt and 
expenslve food ofv3nable quah~ for lhe urban hou&ewlÍe lftlus problem could be re&olvecl a good quaht\, 
me'\penslve and converuent source of carbohydraleS could be made avauable lo the urban populahon One pos~lble 
solullOn IS lo bleed cas~ava w!tlvars wlul-h are \e,s busl-l-ptlble to physlOlogIl-al detenOlahon. but resear~h has ,hown 
that re~lstanl-e IS lughly correlated wlth lo\\¡ root dry matter wntent andJor poor eatmg quahty A genetlc solutlOn to 
tlus problem appears then dIfficult although w!lh modem blOtechnology approache;, a solutlOn may eventual1y be 
posslble through genehl- marupulatlon 

In the short tenn, post-harvest research offers th", onlv ~olutlOn Work camed out by CIAT m the 70s wlth the 
TPI, London sened lo deve10p two SlIllple slOlage techruques field c1amps for on-tann storage and packIDg m 
bo'\es wlth mOlst sawdust for transport and use m urban bettrngs Later these two methods proved not to be sUltabk 
for the conservatlOn oí large volumes oí Ífesh cassava because of the lugh co;ts mvolved Mm1.el research showed 
thal a storage tlIlle of two wee1.s was suffil-Ient to al1m" for a one wee1. fann to retau outlet penad, wlth an addltlonal 
week oí at-home stOlage Post-harvest technology lesearch al CIAT and J"TRI, lJK, resulted m the deve\opmenl oí a 
SlIllp\e storage technology based on packIDg roots on polvethylene bags to encourage wound healrng reactlOllS wluch 
effeclively prevent almosphenc oxygen trom penetratmg the root tlssues and tnggenng the Oladahve reachollS oí 
physlOlogIcal detenoratlOn -\ chelTI1cal treatment oí rool; wlth a t1uabendazole based fungIclde, IS sufficlent lo 
control secondary, ITI1clOblal rottmg wluch can de" elop on the sUlface of the roots due to lhe hunud nucrochmate oí 
the bag durrng storage Tluabendazole 15 a chenucal W1ddy approved for the post-harvest use of penshable foods 
The tluc1. peel of cas~aH roots IS dlscarded durrng food preparatlOn and actual measUl ed resldue levels are less than 
1 ppm (5 ppm are accepted fOl patato es) The wmbmatlOn of polveth} lene bags plus chelTI1cal trcalment provldes 
íor a shelflIfe of two to three weeks (Best et al, 1990) 

In the late 1980s pUO! projects were deployed m ColombIa to test tlus technology wlth fanners and consumt:rs 
These puot project mc1uded mar1.et studles to Identtfy cornmerclahzatlon cha!illels as wel1 as consumer evaluatlOn 
tnals to ensure the acceptabthty of the new plOduct A wnsurner panel reported tha! eatmg quahty of cassava roots 
stored for two weeks not onl} compared favourablv wlth fresh l-assava but also the advantages of converuen~e and 
qu.1hty were real and ,hould lesult m wllSumphon ml-reases (Tab\e 3) A wl1aboratlve projcct betw<.,en CIAT and tht: 
Muustry of Agn\"ulture promoted the expanslOn of th~ ptlot projel-t m the l-Ity of BarranqUllla Cooperatlves oí smal1 
famler; supplIed fresh cassava to a dlstnbutlOn enterpnse !Un by 3 federaban oí smal1 fannel cooperallves (bewnd 
arder orgaruzatlOn) Bagged ~asswa had wnslderable ~uccess m supennar1.ets and m smal1local shops where 
retauers report m~reases m volumes sold However, probkms aro~e regardmg the orgaruzatlOn oí the e,\p.m,lOn oí 
the cassava supplv and dlstnbutlOn networ1.s These prob\ems were mamlv assoclated W1th lac1. of worlilllg <.,apltal 
and the absence oí a product promotlOn campalgt1 on a masslve scale TIus latter pomt 15 very lIllportant Changrng 
the urban lIllage oí fresh cassava as a produ<.,! oí low quahtv and wnveruence mto an aCl-epted urban food requrres 
that urban consumers are made aware oí the advantages oí purchasrng bagged cassava TIus requrre; conslderably 
management and entreprenunal slulls together wlth Jdequate fmanclal resources Uníortunately these resources were 
not avatlable to pefllll! e'l:panslOn ofthe proj~ct m Colombia 

The por- ethylene hag stof1ge technolog) ,,,,, mtroduced ,t , puot leve! mto the cassava-b,.ed development 
proJeLts m Ihe provm~e 01 \I.mabl L<.,U1dOl .md 101 J pellod bagged <.,aSbJVa \Va; e'\p0l1ed (o (h", lo <, -\ ',on-



contmUlly oí supply caused llus producl ophon lo be abandoned By 1990, m Paraguay the mtroduced technology 
had progresscd to a senn-I.Ommel Cla! ~tage (10 tonlmonth) Wlth excellent producl acceptabilit\ bv ¡ etatlers and 
consumers One farme¡ s' orgaruzatlon has expanded lIs operallOn to commercJaI scale 

3 C 4.SSA VA FLOVR FOR HUMAN CONSUMPTION 

In Latm Amenca I.assava flour has onlv been sUí..ces5fuIlv produced and used m BI aZll Dunng Ihe 19605 and 
carly 19705, m BraZll a 1a'\\ lequrred Ihe use of a small percentage oí C1Ssa"a flour m whcat 110Ul based plOducls 
and c¡¡ssava llour was \"1delv used as a partta! substltute for wheat tlour m breadmak.mg In the nnd-seventles heaV\ 
wheat tlour SubsidIes were mtroduced and th~ relahve pnce oí cassava tlour to wheat ílour tm.oured wheat flour 
TIus has the effect of des!rovmg the cassava tlour mdustrv that had been budt aronnd Sao Paulo nthers wuntnes as 
dlverse as Panama, Guyana Jammca and Colomina have ,t1w made attempts at estabhshmg cassava flour mdustne, 

Tmee rea~ons stand out as bemg common denonnnatofs m al! these conntry expenences the c'astence oí wheat 
,ubr,¡dlcS that makes d¡ffiwlt tor cassava flouf, the &electlOn of an mappropnate scalc of processmg teclmologJ and 
an madequate effort lo promote cas,ava culllvahon among local tarmeN Wllh these pomts on ¡he re~earch agenda 
CIAT llllhated m 1984, Wlth severa! nahonal mslltuhons a plOject lo research the feaslbilitv of estabb;,hmg a rural 
ba,ed ca~sava tlour mdustrv under Colombtan condttlOns In 1995 upon timshmg an e>.panslon phase oí four yeaN 
(1992-1995), the fol!owmg results have been obtamed (CIAT Cassava Progrmn, 1995) 

• Profihble operatlon of the pllol processmg plan! AH efficlent processmg svstem was obtamed that resulled m 
lower productlOn costs Drvmg tlllle aud costs were reduced and tlus reswted m nnproved o.eral! nncrornologIca! 
quahly A small-scale nnl1mg s\ stem fOf dI) cassava clups \Vas developed wluch allowed commerclalIzahon of 
cassava flour m local markets Overall profitabilily was reJah"ely low and e>.ternal factors su"h us lugh cosl and 
low quably of raw matenal aI1d low pnces of products wmpeflng Wlth cassa"a flour were Identlfied as ¡he mam 
constramts 

• '1a[!-('( development - vlarkel studles have Identlfied vanous uses of wheat flour tha! CaI1 be me! wlth cassava 
flour Cassava flour could be used by almost aI1V \.Ommcrcla! enterpnse producmg flour-wntatnmg products In 
bOlh processed meal\ and blsCUI!s !cooktes ¡he u'>c of cassava 110ur has rcsulted m a ;Igrufi"ant unprovemenl m 
produc! quahtv over "vheat tlour For e"ample ¡,.as,a\a flour has better propertles ofwater absorptlOn Ihan whlat 
fiour, ,md thus produí.es a sausage wlth a better bod\, colol and Havar than one conta11lmg w heat tlour Consumer 
panel test~ í.onducted bv ¡he food mdustrv have wnfrrrned tlus findmgs (Table 4) In general "a~sava flour W1S 18 

ac¡,.ept.:¡ble ~ wheat 110ul lo mdustry aitel nnnor modtficatlOn as m process or plOduct formulaltons lt ¡¡"a ¡Jable m 
the market al a pnce 10 percent below that of wheat tlour cassava tlour wt11 havc a marl-et of at leasl 30 000 
tOI1<;/year m Colombia alone, \"onsldermg only Ihose producls ior wlu ... h the cassava flour ~ a clcar ad"antage 
over wheat Hour 

E\pan~¡on of the ca~~ava "OUT agromdustrv ProJe~t reph~ahon 3nd expanslOn IS bemg promoled bv the 
Colomblan govemment m Ihe Atlanllc wa,! regton wlth a budget ofUS$ 2 rruI1lOlI A iatmer wopent¡.e m 
another regIon oí Colombl1¡ t8 also executmg '1 ... assa>a tlour pro]ec! In ¡he Amazon reglOn of Pero. a prole,,! 1;' 

promotmg ¡he establishment of SIX cassava flour agromdustn In Ecuador, small cassa"a producer-processoN 
orgamzed mIO a 2nd order farmer organx7-'1110n or Umon -u "-TAPPY, have been developmg nnllmg capa\,tt\ 1md 
rrmnagement to produce cassava tlour from gnndmg dI) cas~ava crups In 1992 the Umon was producmg sC\~n 
dtftctent prunan ploducts and 4 byproducts and sellmg them mto severa! dlfferent mml-et se"tors 

The teclnn"al feaslbilit\ oí IhlS post-harvest technology has been acrueved and an efilelent pro"ess íor 
produ~tton oí cassava fiour whlch mcludes ..1 hm'ill-"cale nulbng ",slom 15 avmlable Under curren! condlltons U1 

Colomb¡a ewnonn~ teaslblhry us nncertam due marrtly to lugh roO! pnces and deJil.lenl supph and quabtv of 
cas~ava roO!S \ddlllonalh lael- 01 entrepreneunal ,IuI1s and ¡¡bililte,> bV tne tarmer group m !.h¡¡¡ge oí lhe proJc!.! 
has "hQ\\;n lO he 1nolhel Important <.on,uaml Currenlh lhe pl101 plant has J <;ecured malhell.orrchpomlmg lo 
(,0°" nI '1< 1O'[1Ikd L 1n1<'11\ >ml nlOleel C\111nW'l1 " qul no! ltl'l!J!ed 1" nl1rt.!.t cknl1nd ,~,t1hh,hml.nt 0t open 



market polIcIes m most Latm Amencan countnes iS another factor affectmg econonu" feaslbility oí Lassa"a-ba~ed 
pro"essmg enterpnses wnMdenng Ibat tmpOli tanffs for the maJonty of products that compete WlIh "assava­
denved products have decreased 'Igrnficanth smce 1993 To remam compeltltve m the medmm and long telm, the 
cassava producers must rnmuruze producllOn and processmg w,ts that facilitate producmg cassava-based products 
at compeltlt"e pnces Addlltonallv, thev Wt!l need to develop greater tecluuca! and entrepreneunal sktl\<' and 
enough lobby mg power to be able to defcnd therr sector at the polIc} deciSlon leve! 

'* CASSA VA ST ARCH FOR THE FOOD INDUSTRY 

Sour cassa"a starch, a naturallv fennented "a;sava product. IS an tmportant agromdu;lnal acltVlty m sorne 
reg¡ons of ColombIa, especlally m the Department of Cauca Desplte lts great tmportance and potenhal lor 
bro.lder mdustnal applIcability mcludmg pama! replacement of wheat flour m food products, tlm agromdustnal 
sectOl presents "anous hnutatlOns related to the technolog¡cal level and the qualIl\ oí the tinal product Felmented 
(sour) "assa"a starch produced m Illls reg¡on for local cheese breads IS the mam cornrnerclalIzatlOn outlet allhough 
slgtIIÍlcant quanltltes oí sweet stal ch al e also produced tor use m mdustna! pro"esses (paper te;,.ttles foods) 
QualIl\ demands and standards for Ihese mdustnes are more slnct than for sour starch and thts product has strong 
comp~tttton wlth other sources oí tmp0l1ed starches To address these iSsues CIAT UlIttated m 1988 m 
wllaboratlOn ,\-tth CIRAD-S i\R. France, research and market development acltVlltes wlth star"h that have led to 
the followmg results (DutoUl, 1995) 

• Proce;<, lmprovement In Colombn. tradlltonal processmg uruts are known as rallandenas (rallar means 'to 
grate" m Sparush), and baslcallv conslsts ofthree ma"hmes a root washer/dehuller, a grater'rasper, and 1-2 ~Ieves 
tor the wet ex!raclton ot starch Almost all of the plant have Orll) one electnc motor, whtch powers all of the 
machmes by means of a svstem of pulleys and dnVIIIg belts Tlus enables an tmportant redu"tton m mstallalton 
w¡,ts and allows rapld ;WII",hmg lo a petrol-dn"en motor m the event of an electncltv eut thus avoldrng 
detenoratton of already-harvested "assava root~ In general these rallandenas present a poor plant dlstnbutlOn due 
to the torced proXl1I1ltv of the ma"hme; 5 tonnes of "a;sava roots are handled m one dav and the operator has to 
transport tbiS volume three ttmes from one machme lo another 

Io tmprove the efficlencv of the pro,,~ss and the qualItv of the product. an rmproved ptlot plant wa~ developed 
and m;talled m the Department of Cauca surular m ~cale to 200 other farmer-operated produdlOn urut;, m the 
reglOn Opentton of the ptlot plant has enabled mullldiS"lphnarv research and trammg a"ltvlttes for researchers 
uruv~rslt) professors student; local eqUlpment manufacturers and small scale cassava producers and prolessors 
One of the UlIl1al wncluslOns of tlus proJed IS that locall, -butlt eqUlpment Wlth pro"essmg capacltv oí up to 5 
lonne~ oí roots per dav, IS lughly efticlent stmple and econollllcal and Ihat Its replacement wlth other eqUlpment IS 
not needed Eft0l1s \Vere then wn"entrated towards tmproVIIIg the deslgtl oí Ihe plant and sorne operauonal 
detatls One rmportant modlficatlOn was the diStnbulton of Ihe machmes m such a way Ihat maxnnum benefit 15 

taken from the slope oí the terram, makmg use oí graVlty to transport matena! through the process Thts 
arrangement elmunates the need íor operators to manually tratiSport the matenal írom one machme to anolher 
-\ddll1onally, each machme has ItS own motor and protecttve features (FIg 2) SedrmentatlOn "hannel~ have been 
added to the plant lo facilitate collectlOn of sedtmented starch, provlde contmuous operabon oí the processmg 
plant and tmprove the quahty of Ihe plOduct 

• Re;earch for m.lrket development .lnd envlronmental control Fennented starch has proven to be uruque m 
tenns of confenmg expanSlOn propertles to baken products Inals wlth malze, nce and potato íatled to produce 
modlfied starehes wllb expanslOn propertles Tht; "assava "halactenshc wuld open rmportant ruche markels for 
starch m dletary and gluten-tree products A hvdroc\ clone that concentrates starch nulk and Iherel" reduces watel 

~ ~ 

use has been successfully field te,ted by l\ffil m ,mall-scale stalch extradlon m Colombia The adoptlOn ofthls 
sunple technology wouId ~ub~tanltaU\ reduce the poUutmg eflect oí eft1uents 1rom these factones 



• Technology trnnsfer for the productlOll of cassava sour starch In collaborallOll wlth U'" T i\PPY, m l'v[anabJ 
Ecuador, technology transfer actIVllIes have been conducted amJed al IlTIprovmg proccss and quabty m vanous 
starch productIOn planís belongmg lo U A T APPY In Ecuador, small-scale extraclIon 01 starch has c"{Isted for 
over 100 years M!h httle change m the processmg technology Peehng and sIevmg operaltons are performed 
manuallv and now the first washmg and peelmg maclanes are gradualIy appearmg al !he processmg plants The 
manual sIevmg opcratJOn enables a savmg m water cOTISumed of around 40% rn companson wlth !he mecharuzed 
pro .. ess Currentlv rn Ecuador the produclIon of 1 kg oí dned stareh requrres 50 hter of water The rnstallalIon 
of sedllTIentatlOn canals has also been adopted by Ecuadonan cassava starch product,rs 

5 LESSONS LEARNT 

The Cassava Rescareh and Development ProJecís (ICRDP~) and!he actIVllIcs on product and market 
development !hat are now under eAecutton rn several eountnes oí Lalm Amenca nave allowed CIA T to de\ elop a 
dynanuc framework for rnleracúon Wl!h natlOnal and mtemaúonal researeh and development mstltulIoTIS as ~cll as 
Mlh farmer groups Thts mleractton has íacilitaled ¡he vahdaúon and adaptatlOn of c'\lstmg produetlOn and post­
harvest leelmology together mth markct anal" SIS It 15 hoped !hal !hese me!hodologles wtll be adaptahle to 
drlferent econotruc condlllons, íarmmg SVSlems markets and rnslltutlonal setttngs Based on tlus e:l.penences 
sorne factors have been Idenllfied as cnlleal fOf suecessfulllTIplementaúon of ¡hese proJects 

• Intennstltuttonal OrgamzatlOn These proJecís mvohe from lis very mcepllon expertIse m dúferent areas and 
acIlVlhe&, usualIy bC\ ond !he scope of any smgle mslItulIon Inter-mstttulIonal coordmalIon mecharusms 
dcveloped are usually new lo !he mstltulIonal setttng and demand an adJustment penod Three componenls are 
hasl" fOf mler-rnstltulIonal orgaruzatton (a) Identlfi"atJOn of a coordmatmg rnstttutlon, (b) agreement on the 
necessary funchons of eaeh parttclpatrng rnslItutton and (e) deploymenl of coordmattng mecharusms al proJcct, 
regiOnal and nalIonallevels 

In retallon 10 farmer groups the promotlOn of thelf orgaruzatlOn Ihrough cassava-based research and 
deve10pment proJects has shown lo be an attracú"c proposal Ihat stImulates !herr paruclpaúon However these 
orgamzallOns have shov.TI to be e'l.ceptlOnally weak m the areas oí busrness management and adIlTImstratton The 
formatlon of second order farmer orgaruzattons Ihal can support therr members Mth a Mde range of SCf\ 1ees 1nd 
represen! them 111 dtalogs wllh mslltuttons, government poltí.y makers (lobbymg pm"er) and small- or mt:dlUm­
seale entrepreneunallv run agro1llduslnes has proven esst:ntlal m ¡he ICRDPs and product development 
cApenenees 

• Human rel>ouree development. Human lesoun .. e development lS a well-ldenllfied constramt tha¡ aireeIS 
IlTIplementalIon of any rural development prograrn In Ihe establtslanent of several ICRDPs m LatIn Amenca the 
defklency of persons and rnstltuúons speclahzed m post-halVest researeh, de,elopmenl and market has been 
lughhghled A grcal demand therefore eXlSts fOf trarntng opportumtJes for researeh and e'\tenslOn personnel and 
farmcrs 1ll areas such us cassava proí.essmg. erop management, baslc accounttng. human & Jlnanclal resource 
management, morutonng and evaluatlOll, marketmg analy~ts etc Trarntng stTategtes for techrucJans should tl"l' 10 

hnk trarntng and work, usrng currenl and real \"ork-related problems as !he trammg agendas and work groups as 
!he baste trammg uml F or farmers, lherr educatlOnal and orgaruzattonal needs are usually mueh greater than those 
of techruCla~ Current trarntng strategles for farmers tend to be centered upon the extenslon of technologtcal 
Sel"\l~eS rather !han upon trammg and educatton The Ewador ICRDP has been a notable excepllOn 10 tlus 
whereby the Uruon has assumed spcclfic trarntng functtons and responslbililIes 

Forgmg l.tnk~ \vltlan and between rcglOTIS and countnes has been an tmportant aspecI tn the IlTIpkmentatton 01 
Ihe í.assava re&earch and development strategles The pro]ect írarnewod. proVldes a forum for mter-changc 01' 
e'\penences and melhodolog¡es and íacilitales Ihe resolutlOn oí problems Ihat are cornmon .cros~ leg¡ons ¡¡nd 
pro]IKIs Networktng. al reglonal and wuntn leví..l has proven an dfecuve means of allowmg reglOns ¡¡nd 
~ountnt~ tacmg "mular problems aud opp0l1urut\ 10 pcneÍlt t10m accumulated hnO\~ledge ,nd c'penence< 



• Crop productlOn technology research Development of adilltlOnal markets, products and uses for cassava <;\>¡]} 
reqwre the development and adoptlOn of cassava productlOn systems that w¡]} sustarn or mcrease productl",ty 
wlule reducmg costs and mcreasmg cassava compelltlVeness TIus process may requll e the mtroducllon oí more 
mtenslve farm pra\'lIce~ that eould plae" grater PI essnre on the natural resonree base IntrodudlOn of adapted 
genellc matenals and a careful explOltatlOn of a1tematl,es for SOlI fertthtv marntenance and enhancement IS 
reqwred Sufficlent eVldence e'\lsts proVIng that small-scale, cassa"a-based íarmer orgaruzatlOns ean tnnctlOn as an 
effectlve verucle for productlon and processmg teehnology adaptatlon and transfer 

• Product and market development Up to now, most ofthe ICRDPs and product dc"clopment actlVlhes have 
depended on a leduced number of market outlets, usually the traillllonal market (human consumptlOn) .md one or 
two altematlVe markets (anm1al íeed or mdustnal uses) Reeenttv, new mdustnal mal kets have been IdentIfied and 
new products have been developed TIus m tnrn has stm1u1ated greater attenllon to ill1prove quaht.. control and 
maIket financlal management The long term VIabthtv oí the proJects w¡]} depend on the abthtv of the farmers 
orgaruzatlons to move therr products mto a \Vlder range of markets and end uses especlall" those than can offer a 
rugher profitabthty margm (added "alue) 

• Momtormg and EvaluatlOn ProJect momtonng and evaluatlOn (M&E) actlVltles have bcen an mtegral part ofthe 
ICRDP and product de,elopment strategIes M&E has proven to be essenhal for short run deClSlon makmg m 
refimng specIfic obJectlves, defimng potenhal products, markets research pnontles and sltes, beneficlllnes etc In 
ColombIa, adoptlon and ill1pact stud) results have been fed back to research managers, SClentlsts, farmer 
organuatlOns pohcy makers and donors, for dtfferent ,pe~Ific uses In BraZIl, coop-Ievel processed data about 
therr operatlon IS bemg fed back to farmers' groups \Vlthm a month allowmg them to asses therr own performance 
aI1d 10 compare It wlth that of other groups 

• Pohcy support and deCISlOns ImplementatlOn ofICRDPs and product development actlVllles are close1y affected 
bv and related to pohcy decIBlOns and support F or example, all countnes m Lalln Amenca are net ill1porters of 
cereals and most governments have tned up untu now to lesolve mcreasmg demand for carbohydrate~ tlllOugh 
pohcy mterventlOns and subsldlZed produdlOn s~hemes that have dl~torted markets Trus has meant that tradltlonal 
starchy staples such as cassava have had to compete wlth gralllS at ;ubstantlal d1Sadvantage ExplOltahon oí post­
harvest opporturutles for root aI1d tuber crops lB not currenttv a technologIcal problem The centralIBsues m 
de"elopmg cassa"a-based markets and products lB compeht1veness of the whole process (productlon and market) 
and tlns IS drrecttv míluenced bv pohcy de~lslOns wruch could elther affect or strengthen the bargammg power and 
orgamzatlOnalleve1s oí cassava produeers In ColombIa, these IBsues have become ve!) ill1portant dunng 1993-94 
when the free econom, and open market pohcv led to decreased ill1port dutles that allowed the ImportatlOn oí 
cassava pellets from IndoneSIa (20 000 tonnes), at dumpmg pnces representmg a nsk for the nahonal dn cassa,a 
mdustry On the other h1nd Wlth the current tendency of governments to reduce subSIdIes on ill1ported tlours a 
ta"orable pohcv emlIomnent could be created m wruch wst advantages and specIfic quaht) attnbutes ot the 
cassava-based produ~ts could facthtate the development ot new products and markets 

6 COJ\lCLUSIONS 

The mtegrallon ot ~assava research and development actIVJl1es tl1Iough the ICRDP and produ~t d~"elopment 
,trategIes allowed ClAT to address these food secunlles Issues The expenences accumulated dunng the la~t 15 )ear, 
m developmg post-harvest cassava research and development actIVJlles tor cassava processmg aI1d storage 
technologIes m cassava fannmg systems as dlverse an contrasllng such us those of Northem ColombIa the pro"\1llce 
of \ Ianabl at Ewador and the ~tate of Ceara m Northeast BraZll do not have an umversal formula for success Each 
proJect has been .m uruque expenence For every proJect the results and Its effect, on food secunty IBsues ha"e 
presenl~d dlfferent [orm, 

In Ihe Colomblan ICRDP tood secuntv of ~a%ava farmers "'a~ enhanced Ihrough the mtroducllon ot 3n 
1It~rn31l,e m1t!,cl -drv C3"1\ a 10r 1nm1al te~d- Ih1t ,Ilmuhted 1dopIJon of nnproved technolo~ md mcre3,ed 



cassava arcas Increased mcomes and addltlonal emplovrnent opporturutles were obtamed In urban areas the effect 
was m the fmm of decI east.d fluctuatlon m ~assava pnces and urban wnsuruers wel e able to purchase better quahtv 
cassava product at more competltlve pnce~ In ColombIa, before the ICRDP proJect food secuntv was bemg 
addressed through donatlOn offood (usuaIly commg from developed countnes) to ea~h fanner household The 
Colomblan ICRDP tmplemented an mterestlng pohcv measure when the World Food Prograntme authonzed ~elhng 
the food and usmg the money to [manee the constlUclton of dn cassava agromdustnes TIus decIslOn brought about 
food secuntv to farmcrs household. through tite mtroductlOn of new technologtes, products and marJ...ets 

In Ecuador the mam contnbutlOn ot the ICRDP proJe~t to enhanced tood secuntv was represented m the 
strong marJ...et dlversrlicatton component TIte .ldaptatton of tite processmg technologtes to ne\" marJ...ets generated 
mcomes and addlttonal emplovmenl opporturntles for landless farmers elderlv people and duldren usuallv the mm e 
vulnerable and margtnahzed sector of the IUra! populalton Tltese mcreased mcomes resulted m mcreased purchase oí 
food ~tuff~ and olher products m local shops m IUral cornmurutles thus sttmulatmg lo~al growth 

In the Brazilian ICRDP, household level food secun!) was catalyzed when cassava farmers started ~hangtng tltetr 
cornmerclahzatton and uttltzalton pattems adoplmg the new processmg technologtes Household level consumptlOn of 
farl11ha de mandloca-tltetr baslc staple food- was mcreased slgruficatevely when fanners started selhng a portlOn of 
thetr produclton of cassava rools lo tite dry cassava agromdustnes thus generatmg a cash mcome that could be used 
to purchase otlter food stuffs Before!he proJect, tlus product was the onJy cornmercla! outlet and m many cases, due 
to low pnces, a larger portlOn of the product had to be sold to ma1.e enough ca~1t wluch m tum decreased thetr own 
consumplton le"e1s 

It has be en c1earJy proven that when mcreased value for tite ~assa"a crop IS ~reated through the IdentrlicatlOn of 
new mar1.ets and the development of proce%es and products sUlted íor tltese markets talmers are Wlihng to m"e.t m 
tmproved productton technologtes TIus has profound tmphcaltons for !he deployment of te~hnologtes Iltat mcrease 
and mamlam producltVltv wllhoul degradalton oflhe resoUl¡.e base Fanners and plOcessms who have benefiled 
from the "alue Ihal new markets bnng to ~assa'>3 have :m mcenltve to conserve the resourc¡. base and ensur¡. thal 
productmn \S sust.1med Tltey tlterefme become willrng wllaborators m ledtrectlng efforts lowards long term 
managernent of cassava fanmng systems as part of a resource managemenl process Ihat mdudes tmpacts on 
productlve capabrhl)<, waler and wasle managemenl and relattons wIlh complementar) and competmg ,ystentS If 
these Issues are mcorporated mIo Ihe ICRDP 1nd product deveJopment strategtes, Ihere wt11 be a grealer ~hance of 
acluevmg long lerm benefils m lite welfat e of rural people who depend on ~assava tor Ihetr h"ehhoods 
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_ Table 1 C assava technology componen! adopllonJ and subsequent cassava y¡elds by ddferent level ot market 
rnfluence Ul lhe North Coas! 01' ColombIa 1991 

% of adop!ers 
>\verage Htghat~~ence Low mtluence 

art-as5 
i 

Technology componen! I 
I 

Vanety Venezolana 52 g 
I 

872 372 
VanetvMP-12 22 66 04 .......... _.-

I Plan! denslty 264 269 17 1 
Sta!'e selectlon 83 170 73 
Stahc Slze 06 

I 

1 6 05 
Mechamzatton 285 364 156 
Herblcldes 279 472 15 1 
1992 cassava vlelds 

------------------------ tnta---------------------
lntercrop 
Monoculture 

Souree Henry el al, 1994 

92 
104 

97 
133 

Table 2 TIte dry cassava mdusm m Colombia Dlstnbuhon oftotal benefits (1984-1991) 

USSOOO 
Cassava producers 15,013 

Feed manufacturers 4,334 

F resh cru.sava "on"Ulflers 2,039 

I)¡-y "assa\>a processors 1,150 

lnlennedlanes -0,6~2 

TOTAL nr.NEFITS 21,874 

Souree Gottrel & Henrv, 1993 

l Adopnon of components smee IQR4 
4 Stra!a of Ca>Sdva producers m dfeas Wlth casga, a drymg ugromdustnes and strong mstltuuonaI presenee 
, Strala of cas,ava produce!'> W1thOUt eassnva drymg 'lgIomdustncs and low mSt1tullonal presenee 

87 
108 

~4> 

686 

198 

9,3 

5,3 

-3 O 

100,0 

I 

, 
I 

I 

, 



Table 3 Consumer panel evaluatlOn of fresh and 2-week slored i.assava m Bucaramanga and Barranqutlla. 
Colombia 1990 

Bucaramanga BarranqUllla 

'Charactenstlc _-;:--:--;-___ tFo~~re:::~:::h'__, ___ +=2-"..:wc.;e::.:l:'c::k:..:s::.:t=o::,,;re:;d'---L,,::,F.:.r-=e1>:.:h=--___ +! =2_-wc..'e::,,;e;.;:;k st~~~ 
General appearance ofwhole root 
(uncooked) 

BOIled root 
Starch content 
Tell.ture 

236 

1 75 
160 

212 213 

168 196 
1-l6 178 

200 

196 
178 
165 Sweetness 2 97 I 2 95 2 00 

,-:-::--=G:::Jc::.:n::.:c",ra",l.:::ea=:I=In""-ég, ql:ll:::¡,1::.:J¡ty"'-::-__ -:--::-~_~2=---o2=-1 __ ...L __ =2_=:2::::3 __ _L __ _=2'_'3:::9 __ --L __ --=2::,,:,,::-l3 __ ' 
K~v O = bad, 1 = talT, 2 = good, 3 = e .... cellent 
Source Adapted from \Vheatle) el al 1990 

Table 4 Result, offood mdustry tnals oí cassava fIour m a lange offood products 

I 
Product ! No oí I No of %of Cornments on product : 

ktegorv mdustry posltlve <¡Ubstltutlon of made Wlth cassava fIour 

¡ 1oa1s 

\ 

results wheat fIour i 
, Processed meats 9 9 100 

I 

Deller conslStencv, 
! I I water absorphon. ¡¡¡ood color : i 

i BIScults/coolues 37 I 12 5-50 Flffficr tell.'tUre, 
I 

, 
good laste, "nsper I 

,~, 

Cakes I 15 11 5-30 Good taste good volume I 
Pastaslnoodle; 8 4 20-35 ! Good 9uah!)'~ 

I 

Ice-cream cone 5 
I 

4 5-100 

I 
Flfffier, mamtatns 

tell.ture well 
, 

I I 

Packetsoups I 2 2 20-100 Good taste I 
I I 

SOUl ce Osterlag and \Vhcatley-unpubltshed 
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F1gure 1. Flow show1ng the relat10n between ICRDP Product Development 
Methodolog1es. 
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