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SECTION 1,

CHANGES OF PHYSICO-CHEMICAL THE CASSAVA ROOTS
AND PRODUCTS AS AFFECTED BY VARIETY AND PLANT AGE

by : Sulsmono and G. Whealley



CHANGES 0OF FHYSICO-CHEMICAL THE CASSAVA ROOTS AND
FRODUCTS A8 AFFECTED BY VARIETY AND FLANT AGE"?
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ABSTRACT

Changes af physico-chemical the cassava roots
and products as affected by variety and plant age.
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The nutritional imorotence of cossave (_Manihol sscouleta

Cranz.) ds primardl by a sowroas of cacbobyrdratea, Croamnypeane drve vl Uh

alher foood oraps, cazsawa biogh calorico-yiaeld per dand it

1) Report an Visiting Researcher—-Cassava Utilizatian of (C0AT
FProgramme, June Z0 - Decembee 20, 1991, Cali-Colombia.

ang J) Starftft orF R archer from SURIF (Subamancgs Ressarrch In
Situte For Fooud Crops)-iest Java Indonesia and Leaders af Cas-
gavia (IETlisation=CTAaT+CaTi1 = mnldnbia.

L
-

b



pems o uspeone |8 adt U N wpoegy anuaawe s
SR RCCOU e B e 0 O S VO o 0 0 5 -0 [ D O o T M (R 1) Faponpe ol weoRsEEED pauac

LOFLEY péaumacl i wina gl paEEasa.Lnty B 00d WT dEa0T adam A rpedausb

PLbE LA T TEANLESY) LD HE) UT SEL TR At renh angy Hurged
ALy CELOOL EAEEEED T Badueyd PeDTDOTOTG P 0T R A0t ) ap

O AR SIS ead) auvie Smw @adaLm

et boponradyl (R 136 T B ¥ 1 W L O T
TeEaeT Yladdwy pud ouatbaey ¥ pRg T YVTREMORTM P OUOWE NS ) antal
LT @) REEs op e an ol g @y en)on Ty abueadw o) pue L Eand el

AET R LHDE O T A LORE L @ENODEC SO0 EAREERD L Ea.n) ey @

o) s

G BT EasALRLY L0 By @y papuadsns usag pey stasar aEnp

BLHIDUT W waTooad @y

e LR T s [aLns AL P L R o o B i

s(anat "hurtsonm ! piRat

FREPLSL e wrupEop ) e pd oy Lo abe puy uorLeno pED

wrigopabosd  Talpwewrrn CaRrrprlaad YTros CALatAes yrem Argpwaab Laea
A smpounepol g uoggorsocheon sy T {0EaT oy Eennd SV LI L
g6 tanwan) Mmool @ Aew pu@Euod  aappen LUp o Py ynadws
Ay Faper DUTReasny LT Mo ag prem pracd  Spotaad umwryodo ST
Aangac ALARE PHLSEARL ST ALarTaeas @ LT ATSTEA 0} A& TR WL

oy oy potaad uweryahn e st @dayy Cauada

TARS DRy M

P EELNE T ur po e Drgrsads pou, sy pueyd wawssen)

ClEmaeT YOWETHOM § LO4AT CaTEp PR WUTE § ppdaT Y adanana) ) apue .y
LR LA ) AL T ARATTL TN AP TN Dy pu | panan,, ety TN
ARCURAD-MOT @PVTDUL B 000 RRZEEED PR (anwanpueut ) suostod aundz
B R LD T Ee s DN POOY S8HYY WO PIsLalad  anurs  paezey

L TRE SNOTADSE  F ALN) LRS00 S00LEa4ay)  saprsonoTrh sruabouwnedn

40 s rasar  ybry  BurToTwlood  panpoudd  waAwssen Lo LI L) el s L
BT CpEne  aprtuedd o) annpodd S, 3T pue Rl a0 urayodd BT ET
ALbEdy LWL LD BT WAREEERY) "lossT fessauder pue Aasnns) wnybans
AOL OOOYETT PUE BZTRW A0 000 C0E TRRalm 400 QO0YOTE  Yentd 4ol

OO0 9 T anooy 0} paawdwmon sw L2 odad aelnay dad Sat40Ten 000 onz

o

4.6 & D gaag [RANEES ADNP0A ol AN L) [} B UL S Lz ey L] I



Using raw  material of dndustry levels which change in Lhe

plosil co-chaemnd cal characteristies of cassava roots at differ  Lhe

varieties are  very dmporltance  for  determination the product

Quality, espesially the balkery product (Janssen, L988). Cerl e

Liaorn of Camaava vardeties in Indomnesia  wuntil 1983 were da%

varideties to include the clones from the bhresding beltweesn Local

and  new weordeties (Anoridmous, 1283 and less dnformation about
the physico-chemnical characleristic of cassava roots (Barret and

Damaordiacti, 1989). 5

This experimsnt was study of effect verieties (bitter and
aweal oultivars) and  plant age on changes physico-chemical dn

roots and product of cas

EEV L

MATERIALS AND METHODS

This exparinent was executed  at Centro Incternacionsal e
Agricultwral  Tropical (CLATY, Cali-Colombia for July to Deceam-
B 1990, The experimental design e Randomized Complete Desion

(RECDY . three replications with the factors @ Yarietiss (the bt

e Cassava roots @ M Col-laeBd, CHM 8491, M Ven-&9% an CF GO7-357
and  the sweel cassava roots o O 9852, CHC-20 and GG 1-37) s

plan ages (7, % and L1 ooacthsd

ko bhe plant age of 7, % and LD morithe weas haoo Lemel sevEn

valrieties  of  cassava  plant in the field. For a plot of sach

Lo 1)

replications are corntain 2096 plants with size L om o x L om betw

ol b Twe Liness from bhe border s the sampling areas. RS
the sanmpling area are harvested Tifteen the pleants  with  ramcdom
samplirng . fmaay of the yield component ds the sum and weight
Foots of commercilals, not commerciales and demaged. The o

clhal  roots  dn the guwainy bags are beding to the laboratory used



Torr the compornents analysis of cassava  rools. Thiee  amalyais
times  of the fresh cassava roots should ke processed preferably

on the day harvest.

Components of cassava roots are dnvalve fresh cassavea rootbs
( din peal and parenchyme ) and dry cassava product ( in cassava
flouwr  and by-prodact i CatsEava rwmté“ The parameters of
analysis are total and free ovanides, met s ture, dry  matter,
starcha total and reduce swgars and anylose contents, FECOVE Y

of cassava FlLowe, time and temperatore gelatinizations and i

cosi by .

Freparation of fresh cassava roots are selection and clearn-

soils and stalls from

ing  of  the cassava roots free dicrlie

seyen Vardelies., T wedight approximatelly 3 kg the tubers osed
Lhe  assay specific gravilty with the balance conectsd in bhe
water and then conversed with the dey oatter  table (Chook and
Ry s, 1985% §» Ferez and Yillamayor., L2ed n Ramanuwiam and
Ladsshmi . 1984, Take three tubses and cubting of the cenbtre part
rocts wsed the determination of coolking guality  with score  of
The  hycorc o methaodd., Approximatelly 3 g the tubers cre claarned
arnd washed free exlternal skin and then peeled. The  peel  and
parenchymes  are sliced dnto small pileces used the assay of modsg-
twre content with the weight 10 ¢ peels and 60 ¢ parenchyme. Too
wsing for determination of total and free  oranide, total and
reduce sugars and starch contents. Approximatelly 3 g the tuber
ave pelled, wmixed with the blender, filtering and sedimentation
which the starch yield for determnination of amylose conctent,

gl (10 @) and parenchyme (A0 ) of fresh cassavsa

The «lice of pe
are added 2200 ml orthophosphoric acid contain 2.5 % (Y/v)
ethanol and homogenizer with blender. Using of the enzymalic
method for deterodined  of  the total and free coyanide (Coole,
1978 % The wlice of peels and parenchyme of fresh cassava  are

cirved (Model SEBYS Chere-lab Instrewments Lotd,

dried  at Lhe fre

o



Hornchurch, Esesex) and milling wsed the determination of
proxximate analysis. The assay of sterch content is hydrolysis
with enzymatic (Batey and Ryde, 1982 and Sun—lwn and  Flatheson .,
19900 . Forr total  and reduce sugars analysis  are the cupper
method (Crondc and Smith, 1979). Mitrogen was deltermined by the
semi-antomnatic Kieldahl method using the Tecator Systen  (orude
protein = N &.2%) (Bradbury and Hollway, 1988), fat, Filber and
ash comntents by MHareis method (0 Marreis, 19270). Flhovesid cal
analyvaias alt  cassavea  flowr and starch are viscosity, Lime and
temperature gelatinize with RBrabender-Viscoanylograph  (Halick

and Kelly, 19%%9 5 Shuey and Tippies, 1788).

Freparation of dry cassava was processed the fresh cassava
roots becanms the cassaea Flowr and by-product. Byepradact was

include  the dry  peel and the fiber of the tubers coenbre, Thes

shep of diry cassava processing were wasing, ohipping, sun deying
(ltwo daya), milling and greading (separator with 65 mesh) became
the cassava Flowr and the bhy-product which used the detemination
of physico-chemi cal .

Most of the dalta was expressad on drey mater and  analyazed

for statistical significanlt by analysis of wsing the M-S5TaT
Frogramme 3 bhe steandsard error of the mean has been wsed as an

eastimation of the standar deviation.

RESULTS AND DISCUSSION

Froduction and quality

Sweetl cassava (var, of CM 26882, CHMC-40, CG 1-37) and bit-

ter cassava ( var. MCol-1684, CM 8491, M Yen—2%5% and CH 507357

werre havvested at 7, #oand 1L months showed that the weidght of



comnercial roots are increase and the weight of the commercial
are decrease (Table 1). The commercial weight of the sweel cas-—
sava  roots are 34.6 to 4101 t/ha or 25 to 96 % of total produc-
tion and the bitter cassava roots are 28 to 39.3 t/ha aor 92 to
PéH A of the total production. Fresh cassava production are
highest varietiss of CHC-40 (43.7% tAha), CM 968G~ (41,6 t/7ha)
anc G 849 (40,66 L/ ha) which harvested bt L1 months. e
propilate number of commercial rool was increase and nol commer -

al  was decreases, Deterioration levels of roots in the field

ci
are acou at varieties of CH 8491 (2.9 to S5 and CM SO7-37 (4
o LOR) . especially by fungi. Bize and deteriored of roots are
vialy  Loportance in the guality of cassava rools. Therefore Lhe
root selection s necessared in the field. Selection  are  ine

clude size, deteriored and stalk of roots.

Cyvanide content

Results of the statistic analysis showed warieties and
plant ages significant on total and free ovanide al  Fresh  case
sava  (peel  aond parenchyme) and dry cassava (product of cassava

Flouwr and by-product) (< 0.08) (Table 2).

Total and free coyvanide in bthe peel of bhitlter varieties (M
Col-1684, CM 849-1, M Ven—-2% and CH G07-37) are lowser than the

(CM 8-, OHC-40 and G 1-37) . L bhe paoren-

sgeret wvaEne e L
clhiyme , total  ovanide are at the bitler variely (213 to 390 ppm
DI bhasis) higher the sweel variety (7% to 130 ppm DM basis).
Gomez and VMaldivieso (1983)  reported  orandide content of the
parenchyme in roots of CHC-89 variety (bthe bhitter wvariety) 1) s
approximately three times hagher than in roots of CHC-A40 varidely
(sweat varielty). The concentration of cyanogenic glocuw side is
highsr in the peel fraction of the tuber than  in the Fflesh or

palps (Macka, L8RS 3 Joachim and Fandettaselksre, 19443, Effect



el plan bt oage on total cyandide b the pood e no b g lognd Fhean L,
ot dn bhe parenchyme Lo decrease after 9 months old, sapecially
Boitter  wvariely. Iy the peel and parenchyme,  froee cyanide ig
dercrease from planl ages al 7 to UL monbs, Sinhea  and  Madr
(1967)  reported  in the cossava of M4 varidety the synthesise of
(CN) = glucoside is at its madimoum during the 9 and 10 months  of
iotes growth cyandide content  in the pecl and parenchyne of bhe
aweet variely is incresse, where the rool is harveslted more  of
cptdmuam o plant o age okt Ehe i blens varieby as decreane cyanioe

content (Joachim and FPandelteseleore, o 1944)

The cyanidesyialding capaci bty of casgava roots jg not  only
dependent  on the genetic character of Lhe variely grown,  but
aloo on meseral oresdrenmenn bal fac Lo Clewdan, 19250, Fher e
virenmental factors  effecting  loxic  levels ander ool Lovabion
condd tlorne are atd bl poor Ly andecatood, bhul b e b age hag

Ll Ule affeat on taviorly (Cooko, 1902).,

Mt ter  fresh cascava wan procesacd Decame cagaasa f Lo and

by =praduet Lo show the total and frec cyanide conlent  Legy B0

e (under  of  consuapbion standard),  exceplb tolal

[WETIT V1L B TR

Bowvanrdely . Cyveandide  conlenl  in cagigava

cyanide at Uhe M WMen-
Flowr  of  bitter wariety G highar Chan sweet varie by . Ths
amount of cyanide  loass  dowreding peocesaing (Choippoang and g

chring )  betwe 7 ot 20% (Table 2). Faog L and Boange (CL5Y39)

rapore-ted 8BS loos of cvanidde on oven devinag oend  B0ON an sun
dheying,  while Jowchim and Peande b Losebore CLYG) 0 0o and Dezean

( 1 L

aoec, Mata (1986) showed loos of 4% and 24% on dryinag sweet

1) reported lower lowses 23,3 742 ab 6020 and 1B ko 2174 at

arel Bdcbter g acles cpsmacsiae camp | e, Total cravide e The  sgeee

iava  are decrease dordng sun drying process and

and  ladblter ca

" Ha

free oyanide sl block  poly Pheree oo RS Pl Bt ber

A RHTES

e,

valrdety), 37N Cthe  sweel wvariely) and ol colowr less poly Lhene

war ety )

are 4a% (the  bitter  wvariety)  and 3278 Cthe  awe



CMadhmgwe and  Adewale, 12000 . Fosmeers oo HCH for duariang Phe
flesh and peel of the tuber at temperatures below 72°9C above
which tenperalure  the enryme 6 doatroved (Goachim and Pandel

tanebore, 19494) .,

Dry matter, starch, sugar contents and recovery

Dey matber content, wvariely and plant age  are et feclt  of
gignificant (F4 0.00) o dry matter content., Dy matter of
sweet varielties (ver. of CF 9852, CHMC-40  and O 1-37)  are
bigher than Lhe bitter varielties (var. of M Col-L684, P Men-—dh

e can sam at

and CHM SO7-37)1., excepl vear. CH 8491, This ca
modutire  contentl  of parenchyme Lhe sweol vordoly Lower Tha Lhe
i tter variagly (Table J3). OpLimuan  dey ma b Lo conkant s 9
menths of the plan b age. A Ler plont age of 9 months, ey mat -
Lexr has decrease al al all variebics of cassava roobs (Gomez and
Valdivieso, 1983 @ Famanuwiem and Lababmi, 1984) . Harvesting at
Datober, W Ly ahor Lages cirtadl  dey ma e acammalation
C(Ezedinma el al ,L980).,  Ledhner (1285) reporled setalae dry maller
dncreassd feom dts dnd tial value to o a maxdioum betfore  the radiny
geason at 8 monthe dn var .  CPFSLEE S and 1O moncd b dn o var o L Col
D80 M Max G&8 and CHM 849-1) . There was a marbed decrease in dry
matter during the rainy seascn. These laltler changes probably

raflect the plant water,

Sltarch content alt peol wnd peocacchpymes o i Ubea wvarie by e
Fdgher Lhe sweel vardely (Talile 5). Soweloey  (1972)  dandicated
that alucoside  content  of  the babea e coorrelated wi bl Uhe
mlareh contonl, becowse i Ller vardelios are veaally high elarch
wielders., There ds alan some relalbionship be bweean starch  aorne
Lent  and  palatabiility  of the  Taber, Fhes Tocher wacth bagher

wltarch conlent bave less 1009 Dbaer con ben boand Flasyrertonr e ar e e

sLringy.

£



Arfter casgsava was processed became Lhe prodoclt of cascsava Flour
and by=prodact which ebhowed Che ebarche contenl ab casgsava  fLoar
of the bltler vardiely higher Chen The sweel cariely,  boat o oat hy»
product ds the bitter variety lower Hhe the sweel variety (Table

a4y . Eeffect of planl age on casgava conbent were ol gind fiaant

i the  peel, decreasing after Y omon Lha of plant aqge in pearerns
chyme, optimem at 9 months in Lhe cassava Flowre and  dnareasing
dre by produact fo 7 to DL monthe. oot sbarch concenbration was
i

arel  Girace (1977)  reported starech content decrease after plant

i ¢) hess atl 1O menth (Gomez and Yaldivieso, 1983). Coclk  (L28%5)

age oplimam were belwaan 2 Lo 10 mon g,

Guierar o Len by ot sl redoces sugeos o bery b ot Ehe s
vardetly at  peecl  and parenchyme  are hdger  Lhan o The  biolLer
Wit ety Total sugar content Lo bhibgbesb an Ul pee ) and pareern
chyme at war. M Col=14684 each B.a1% end @a 0%, var JOMNC-40 wach
A.EP% and F.05%N.

Flanges  of the total suagar content i Phe poorenchyme qare bebueen

",

135 (the sweet vardtety) and Loa7-20 045 (Uhe beiUter scariedly ) and
raduce sugar cormbent e betweesn O30 0 Cthe  aweel varieby)
antl  Q.HA-0.P0  Clhes Ditlesr wvarioty). Torlal sugenr  dn pecl and

[

pravcen clhiyme of  The swe varidely were decreass for 2oto 20 monhhyg

Bt al the bitler variely were decreatse., Feeschieee sagar at pes

La decreass and al parenchyma ds oo eose (Gomer ad Ve bo s s o
1983 . Total and reduce sugar content at  product  of  cassava
fhovy  and  bhyepeodoct o an Bhe Db ber wae e by pe Bebabiens Bl Ehe
el veardely., Fotal sugar contlenl al UThe sweet wvardely da beoe
Lweesn  0.8%  to L.45 5 and at the biller wvoarieby ds belween .03
RO T R P Y Frehuce sugae conlent are belween O,%7 1o 0.72%  (Lhe
sweel  waristy) and 0,460 to L.3% (Cthe bitter varioty). IF har-
veatint at 2 month,  total and redoace suagar contoent dn The  gases

sboand  in by-product e decrease for 7oto 1)

savva Flour de e

me s,

Q
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L

Filber conltent, in fresh cassava were beltween 7.0 to L35.20%
Cin the peel) and 2,07 to 3,145 ( in the parenchymes). Flant age
at 7 Lo Ll @moncths Al peel ds dncrease and alt parenclhrme ds
Lowemst st 9 months, v oy casssava, fiber content ds Delwesn
2.4 to BLAGE ( al cassava flowr) lLower than at byeprocdoct (35.48
o GLBOR) (Table S and &), becouse by-—product include from  dey
cassava peel an Filber of centre luber ., L haorvesting alt 9 monts

are optimun of Fiber content in cassava Flowr and by-prodoct.
Amylose content and viscosity
My lose conternt al the sweet veariely (2.8 to @035 ds lower

Lharn the bitter variety (24 Lo 205). This case have  relalion-

ity and saw during

ahdp with characteristic of Fflowr wvisc

gelatinization process at oplimun viscosity of hioh amylose cone
tant de more swelling wvolume  and  acour Febrogractation aftaer
conling phase (50<C) (Table 7). Eetween 7 to 11 months, amylose
content  at the sweel wveariely i dncrease and opbodsoam amy ) ose

content at 9 omonths.,

Vismoosity  of cassave Tlowr, Fime  arnd  Leoperatoees  of
gelatinization &l the sweel variely (24 to 28 minates, &2 Lo
7E=0) were higher than bitter variety (21 to 25 minutes, &0 to
&7=0).  If harvesting at ? months in the sweet variety is lowest
arnd at the bitter wvariety is deceasing. Tiimes s hemperabores
of optimun gelatinize alt swesl vardiely Lo same  Lthe  bibter
variety betwesen 28 to 44 minutes and 209 C sxcept at var. M YVen-

2% is lowest (24 to 26 minutes, 65 to 75=C). Harvesting at 9

months are optiman of the  times  and temperature gelatinize.,

The  time  and  temperature  of gelatinize de very improtence to

know the oharao e af Flows duwring gelatinization o brealk

e

el e of  wharoh ang s e Lo

Lling of starch ganule at temps

b cerbain. This case can sqaw fron colows  changes  of slarah



ganwles from the white colow to brensparance and opbimam swell-

19ady Effect of

ing wvalume of food prodoct (Whistler

avey

plant age, optiown viscosily at 7 Lo LD months  are  dnoreass

( e Lwsen G20 Lo 820 BU in the swest variebies and 3

9% to PHO RU
in the bitlter varieties). F haorvesting after ¥ mornlths al 1 e

o ovarietli of cassava Tlowr are more rebrogrades anod abt the

it

Boitber wvardeties alt 7 Lo 11 monthse acowr  reltogradation  aflter

cooling phase (at §O2C). Ehattacharya and Southagy (197%)

rapor-bed For low amylose and waxy  rises but o the  extent  of

relrogradation noticed Ffor a sample bt give slorry  conaen tracbion

was  considerably  lower as  reflecled from the cold paste wise

cosity at 50°C) value and negative set back viscosity.

Visoosity of cassava  starch,  time  and  tesmperaltuwre of

varietiecs (22 to 26.5% minutes, &L to

gelatinize alt  the sweest
3=L) are higher than at the bitter varieties (21-24 minutes, 58
o &Z°0). Time and temperture gelatinize at 7 to 11 months are
inerease  al  cassave  sltarah. Tiamer and temperature of  aptdmam
gelatinize at the sweet varieties (27 to 71 minutes. 65 to 73<C)
are higer than at the bitter varieties (2% to 2% minutes, &l to
71=0) and plant age at 7 to 11 months is increase. Optimum vis-
cosily at  the bithter wvariety (L0205 to 1H¥0 B is higher than
the sweel variety (L1030 Lo LL30 BU) and plant age &t 2 to 11
morrths st the sweel veariety e decrease and the bidtber variely

i

i dnorease (Table 8).  After colt phase, s sltarch of Lthe

Britter wvariely is  more rcebroograde than the sweel veariely for

i ffer selt back, el Ly

plarnt age at 7 to LI months, b

at ¢ months of plant age (Raia @t

At cooking guality., The Lime of Lhe fresh cassava roobts al
the swmest and bibter verdelies sare senillar Detweon 14 Lo 30
e hes ., Moore at the plant age will be incresse  cooaking bime
for 7 oto 11 months (Table 9). This case has beesn relationshlp

with dnoreassing of the tuber content. Teay bogre anch pee Formean o



Eor ) -
e

atlt  all varielties are very ood (score = 0), excepl at M Ven 2¢
variety. M Men variety have the amylose content highest of all
vardeties., Therefore during are acows the gelatinization which
showad the opltimun viscosity lowest and  aflter  cooking (0 cold
phase at D0°C ) are retrogradate (setback is — 400 BU at the
cassava Flowr) (Tabhle 7)) to resualt dn the textuwrse wvery tologh andd

1. The deterioraltion el

performan ce are less Lile by panel
wag  acouwr at OM 9HU-2 and CMEC 40 veoriety at 7 months of plant

AGEE .

CONCLUSION

1o Selection cassavae roots daore very dmportance for indentifica
Licrr  of  tuber  gquality. Weight of commercial roots e

o

"

anc il ther varieties Debtweoen 92 Lo P45

P b in the s

of total production.

2a Total and free cranide contents at the bitler cassava roots
were approximatelly three times hhigher than in the sweel cas
wava roots. Inr the  peal  and parenchyme, freda cyvanide
are decrease at 7 Lo L1 months, Total and free ovanidde con
tent alt cassava Flowr  and biypreoduct  less S0 ppm DI
basis, The amount of cyvanide loss dweing processing O chip

pring and surne deying ) beltwsen 7obo 208

{3
e
=

Dptimim of dry matlter, staorch, fal and Ffiber conlents are at
Y months  of  plant ages except alt protein. total and reduce
sugar  contents  is decrease for 7 toe 11 months. HStarch con
tent in  peel and parenchyme of the bitter cassava is highe
a1 tLhan The sweel wvariely. Total sugar content Ln paren
chyme (at  the swesel o bitter wardeties) are belweoan 1 to
35 and reduce swgarr are between 0.64 to L.0%. amilose con

tent at the sweet veoriety ds lower than the bitler wvariety.,



Fecovery of cassava Flowr are 37.% to 4L.2 M.

A Optimam  viscosity &t cassava Tlowe  ds Jowsr tha cassas
va starch. After cold phase (50°C) at the cassava flour of
the sweelt and itter  varielties  are acowr retogradate if

Pavvest dng oore 9 months of plant ages.
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Table 1. Effect varieties and plant ages on the #eicht and nueber of comsercial
and not comsercial cassava roots

Varieties  Plant Height of root per 15 plasts Yield Nugber cf roots per 15 plants
#J88  ———romrettormmemememessarm= 0 SrenroomesmeRR MR SeS e ems
Coprercial Kot Corsercisl Cosrercizl  Not Ceesercial Deterioration
(mo) (ko) (%) (+q) (t/Ha)
{M 955-2 7 12,5 71.7 12.7 J0.14 g7 . 113 1 {0.4%)
9 43,7 B87.7 6.3 34, 104 56 0 (0.0%)
i1 39.0 74.4 Fitl 41 71 i3 3 {1.8%)
CKC 40 7 67.2 222 11.0 29,1 £3 7 0 {0.0%)
38,5 3.4 .7 35.4 108 it v {0.0%)
11 8.7 939 4.0 85.7 104 14 3 (1.B0)
Cs 1-37 7 353 %.d 3y 23.B 53 96 1 (0,4%)
7 34, 85,4 7.1 §1.2 128 71 g (0.G%)
i a9, 35.5 2.0 11.% 115 27 1 (0.4%)
M Col 1684 7 20,0 78.4 5.8 16,5 ¥i 4 o (0.0%)
§ 0.0 a7 4,7 16.1 1 R 0 (0,00
11 2.0 94,5 1.5 29.0 72 19 o (.01
CH B4%-1 7 3.2 B 3.0 25 B4 70 3 {2.5%)
7 1.0 B9.4 6.0 I8.0 193 31 10 {5,0%)
1 52.0  %6.7 T .5 137 i g8 (4.5%)
N Ven 25 7 29.2 73.0 Lal 25.6 S i O ()
§ 37.5  BL.B 7ed 3.0 105 7t  [1.0%)
11 41,0  %2.1 4.0 33.9 115 4 1o(0.4%)
CM 507-37 7 BE: 79.8 3.0 1.3 g 45 19 (1)
7 27.0 78.2 7.3 23.0 22 3 g 14,07)
11 3.6 95,9 1.0 21,32 29 iz 4 (7.0%)



Table 2. Effect of verieties and plant #ges on total and free cyanice in the fresh cassava
{peel arnd parenchvse) and dry cassava product [cessava flour and by-product)
Varieties  Flant Total CN (ppe, OF basis) free ON {ppm, DM basis)
dGHE SrmrrmamemaescnEineTreee e haE T R s e i T o et
Peel Paren- Cassava By-product Feel Faren- Caszava  By-product
(ma) chyre  flour chyme flour

CH 953-2 P 1775.8 £8.3 16.4 .7 205.9 123 2,0 15.2
9 1759.0 74.8 17.1 P AR 266.2 2,3 0.0 .4
1 1297.6 61,8 7.8 3.0 198,32 3.1 0.9 2.9
pesn 1440.1 b 5.9e 13.7ef 7227 e 22334 8.8d 1.0 4 Tk €
CHC 40 7 2834.1 51.8 3.8 104.4 408.5 17.% 7.5 |
3 1807.7 116.,0 9.5 89.1 457.2 23,5 0.0 5.5
11 27831 134.8 8.6 5.7 578.3 13,0 .1 1.8
mean Z}4b.b ab 109.1 de 6.7 ¢ 59.9 ¢ §2%.3 b0 Z0.0 ¢ 3.3 bc 9.9 %
LG 1-37 7 1383.8 30.9 39 197 788.7 25.8 .0 153
9 1354.2 10%,7 .4 35,3 354,68 18.% 0.0 4.3
1 14%8.9 211.0 755 5.B 117.5 z1.4 .8 6.7
sean 1410.4 b 131.34 18.9f T5.Bde Z267.8 cf Zi.3bc 1.4 cd 8.2 ¢c
Col 1684 7 23326 385! 25.4 73.4 430.3 78.4 3.6 b.7
¥ MRERE 35S 1157 233,68 400.9 39.4 4.3 3.8
11 2618.1 278.8 16.0 8.6 S80.4 4.4 3.4 3.8
gean 2966.2 a Jhb.b 2 53,3 b 163.9 472.7 bc 85.% a % 4.4 b
Ci1 B49-1 7 1143,0 261.9 9.8 334 54,6 0.3 .3 47,4
3 817.3 264.5 84,8 80.% 08,9 23.2 1.9 128
11 1234.8 163.8 9.4 2l 152.9 9.5 5.4 7.8
mean 1067.7 b 232.9b5 Z21.3d 3Ll d 205,1 & Z0.9 be 2,9 bgd  Z0.9 a
4 Yen 23 7 1276.4 £13.1 100.9 20£.8 594.7 Bl.3 14,3 35,8
9 R07.4 467.4 172 B7.3 38,2 85,7 10,3 8.3
11 14B4.4 143.0 38.1 1.6 713.3 36,5 1243 16,9
mean 12i9.2 b J390.4 3 108,53 186.6 a 456,42 £0.5 8 12,4 a 19.7 a
oY 307-37 7 1B97.1 207,35 338 40,7 a1 3.0 0,3 5.7
9 1281.6 264,56 a1 83.4 333.2 37.9 1.7 1.8
11 1444.4 163.4 11.4 Ja.5 04,9 13.4 8.3 1.8
sean 1532.0 b Z213.2 ¢ 3.7 c 552 ¢ 09,3 cd L0 0% 3.8 4 5.3b
Kean of 7 1EiB.2 a Z&0.4 23 1.2 h 74,3 b J70.6 8 37,7 a 24 18.3 ¢
plant ages § 1453.0 a2 273.3a 202 (03,7 a 13.6e N2t 2.9 1% Az B
1 16354 148,856 13.8¢ 154 ¢ 28%.4 b ZZ.i ¢ L5 a .1 h
T,y 18.3 14.8 12410 12,3 27 10,7 i1.4 21.4
Hean differently superscripted dows *he coloms 2re significentl, cifferent ‘ror anz anather [P40.05)



Table 3. Effect of varieties and plant ages on dry satter, soisture, starch, total and reduce sugar
content in the fresh cassava ( peel and parenchyaa ) (CIAT, December 1991)

Varieties Plant Dry matter Meisture Content Starch Total sugar Reduce sugar

Iqes  cOREENE gy ~-s——=sswcssamca: o faasmeaRagn semssoRRcEsen ) SRoSTRTE R R
(s) Whole root Peel Parenchysa Peel Parenchyea Peel Parenchysa Peel  Parenchyse

-------------------------------- T ---
CH 955-2 7 35,64 £7.75 56.81 60.935 78.38 2.83 1.48 1,43 1,05
9 319.28 £4.40 56.11 £3.19 72.28 2.09 1.3 0.94 0.13
11 39.10 68.09  67.87 53.29 68.86  2.57  0.94 1.47 0.69
mean 38.00 ab 66,75 d 56.93d 59.14 ¢ 73.21 cd 2.48 ¢ 1.24d 1.36 ¢ 0.62 bc
CHC 40 7 30,60 72.47 56.39 87.29 B80.24 B3 5.40 4,22 3.52
? 3551 72,23 56.32 53.42 71.49 4,51 2.00 1.82 0.19
11 33.46 74.97  63.29 45.71 75.¢64 4,24 1.48 1.16 0.80
mean 3F.09c 73.22 b 5B.69 bc 56.47 d 75.85 1,69 b 3.03 a 2.40 b 1.50 a
£6 1-37 7 35,02 65.89 36.74 69.06  80.40  4.37 1.97 2yl 0.29
9 39.28 64.97 35.79  68.53  81.59 4.52 1.59 1.44 0.13
i1 38.53 67.53 38.05 64.95 79.47 2.31 1,095 0.72 0.59
pean 37.61 ab 66.13 d 356.86d 47.51 a B0.48B  4.40b 1.4 cd 1.35 ¢ 0.34 ¢
M Col 1684 7 30,82 Ta.7 97.89 40,44 77.3 6.26 2.2 5.47 0.74
9 33.72 74.83 66,55  76.80 3.87 4.02  2.49 2.94 0.45
11 33.43 77.4%  &0.B4 31.89 76.12 .54 1.54 1.84 0.69
mean 32,59 ¢d 75.99 a 59.76 b 49.71 e 79.48 5.0 2 2.14b  3.42 a 0.64 bc
CH 849-1 7 34.89 64,24 58.97  b4.12 78.28 3.68  2.09 1.48 0.81
7 40.12 b1.85 56.84 66.85 72.39 3.5 1.74 1.7 0.5
11 40,16 £3.01 37.78  65.71 76.32 1.34 1.18 1.02 0.77
mean 38.79 2 63.03 e 57.86 cd £5.56 ab 75.11 2.86 ¢ 1.67 bod 1.47 ¢ 0.70 bc
M Ven 25 7 33.83 £9.07 57.68  45.52 78.35 1.78 b 1.23 0,38
9 38.55 66,53 58,70  47.42  B2.82 3.39 1.98 1.62 0.79
11 37.93 67.26 38.78  73.5% 86.99 2.20 2.90 1.44 0.9
mean J6.77 b 67.62 cd 58.39 bc £8.87 a 82,72 2.52 ¢ 2.02 bc 1.43 ¢ 0.77 be
CH 507-37 7 31.69 67.82 60.3 66.57 78.3 2.47 1.77 1,06 0.56
q 33.75 6%.47 61.48 54.28 59.77 3.3 1.94 1.76 0.92
1! 30,50 70.04  £5.37 66.09 79.85 3.22 1.99 1.37 1.38
mean 32,00 d 69.1Bc 62.53 a 62.31 bc 72.66 2,98 c 1.90bc 1.39 ¢ 0.95 b
Hean of 7 33.18 ¢ 68.99a 57.833 b &1.99 2 78.77 4.10 a 2.33 a 2.85 a 1,08 a
plant ages ¢ 37.17 a2 67,78 b 58.00 b 44.36 a 74.93 J.&5h 189G 1,75 b 0.45 b
11 36,17 b 69.76 a 40.31 37.74 a 77.61 320 1,58 & 1.2% ¢ 0.84 3
.V 2.32 2.57 J.42 5.28 7.5 18.45 14,52 14,43 13,72

Wean differently superscripted down the colomn are significantly different from one ancther (P(0.035)



Table 4. Effect of varieties and plant ages on Moisture cortent, starch, total and reduce sugar
content and recovery in the dry csssava ( cessava flou- product and by-product/dry peel )
(CIAT, December 1971}

Varieties  Plant Moisture Starch Total sugar Reduce sugar Recavery
ages content  —mmmmmmmmemmmemeee e el of cassava
(20) Froduct By-product Froduct Ry-product Product By-product flour
------------------------------------- [ )== L
t1 §35-2 7 3.12 77.60 307 2.4 1.77 0,45 0.72 4.7
9 T.% 77,02 70,38 048 0.30 .14 .78 19.38
{ 5,54 77.¢3  BL91 L3 Topd 0.89 6,24 333
7E2n 7,82bc 7750 35 71,32 at 1,29 b LE7 4 049 b 057 b 29,15 ab
CHT 40 7 T:9a 76,35 4281 1.94 .84 0,41 2,33 1,14
q 7.7% 17.02 TL.B% (.74 170 0,37 1.13 48,87
i1 7,31 73,21 7.64 1.6 1.98 1.04 .18 31,6t
nean 7.74 abc 76,27 ap 72,43 30 1,430 1.3l ¢ 0,482 6,34 b 41,27 a
s 1-37 7 B.84 76,30 §3.64 0,78 .51 .33 0.76 30.2h
: 1.7% gl.ot 77.712 6.3 1.39 0,76 1.18 39,04
1 7.78 i8.7c  &0.04 097 7.04 A7 0,82 RRPRT
GEEG 8.12 2 75300721320 0684 L43c 0.3AE 0.5 @ .86 b
f Col 1684 7 7.2 7h.23 9,78 1.95 239 0.77 1.74 43,45
g Tin BI,18 7101  Q.BO L.8D (.43 1.68 15.4
11 7.11 719.38 88,25 I.B1 1.75 1.30 .40 33,14
mean 7.4% cd 79,59 a0 73,00 & 1.8 2,03 b 0.833 1,10 a 37,47 ab
i B4%-1 7 7.33 77,72 8238 1.l 1.73 (.34 0.62 41.12
7 2.7z 78.93 75,84 070 1.36 0,22 0,31 17,62
1 7,33 IZ 75 1.3l .66 0.77 35,03
84 !

5 I o
o

or

s

M

=1

e

=

REED 7.85a3b 7R.AZ D 71,
B Ven 23 7 7.20 E3.36 55,74 2.88 §.6¢ 1.1%9 137 15,71
: 7.3 84.82 78,24 §.35 G.65 0.2 (.41 37,54
i1 7.40 758.19 74.2 1.53 188 0,99 0.04 34,3
mean 7.57 bo Bl.1% = 49,27 h 1.79a 210 kb .80 3 G.60D 3%9.04 ab
CH 507-37 7 1.21 81.79 56,73 1.73 3.5 103 1.8 iR, 44
g 6,83 B3,09 pi B n.82 1,71 0.2 6,39 44,25
11 7,43 81.83 62,38 1.3 ¢ ol 1.19 1.2 29,10
nean 7.06 d BZ. B33 &63.8t c 1.47 L 2.94 2 0,82 ¢ 1.09a 0,71 a
Hean of 7 7,783 B3 B 99.23 & 1.80.a 2.02 a G018 0Re 4 4,07 &
plant ages % 7,783 ElL.J0a 74.9% b 0,83 h 1:%5 4 N1t D.Bha 24,54 b
1 7.28b 77.87 a 77.i7a 1l.bb a 1.3 b 8.5t 3 G.92 3508
C.¥ §.4% §.52 B A P 18,33 17,20 1£.48 5,87

oo

Pean differently superscripted doan the coloen are zignificertly Zifferent froe one another (FE0.05)



Table 5, Effect of varieties and plant ages on protein, fat, fiber and ash content iIn
the fresh cassava { psa2l and parenchysa ) (CIAT, Decesber 1391)

Varisties Plant Crude Frotein Fat Figer fzh

AGEE  cSmeestessedimes  sesescieenmsesme Selsmssis -
{no} Pee! FParenchves Feel Fareachyma Fesl Farenchyps Peel  Perenchyme

------------------------------- T B
CH §55-2 7 8.96 5.25 2.03 1.98 11.58 2.74 1.74 1.91
9 7.81 1.38 3.2 1.9% 11,25 2:3Y .62 1.40
11 h.74 2.83 339 2.04 12,58 7.94 2.0% (.82
pean 7.91b 3.89a 3.22c 1.§73b 11,87 3h 2.74b 315D 1,44 ¢
CHC 4¢ 7 7.4 Z.48 S5.14 1.39% 223 .38 3.51 2.44
9 5,24 2.2¢ 1.50 t.80 13.93 Z.51 1.74 2.04
1! £.70 1.8 4.5 Z:13 14,45 2.62 2.B4 1.14
mean 6,43 5c 2.1Bc 4,72 & 1.0 abc 11,29 b .82 F 380D 1.57 a
C6 1-37 7 7.08 2.68 2.62 1.47 10,18 .44 1.54 1.97
? £.95 Z.50 7,84 1,29 7.63 2.2% Z.18 1.78
i 6.54 1.92 3.77 1,74 .18 i 1.19 {1,93
ogan 700 cd 2.37c .04 cd 1.30bBc 7.9 cd 2.07c 1.3 ¢ 1,58 ‘be
% Col 1684 7 10,50 247 .47 1.90 7.43 1.55 5.46 2.42
9 12.48 Z.48 5,34 A 14,10 2.83 3.07 s
11 16,28 1,74 4,59 1.94 18,15 3.08 4.17 122
pean  11.,0Ba Z.20c 1.9 b A7 abe 13,222 138 4.50a 1.%5 2
Ch B&S-1 7 7.49% 3.73 Z.14 1.18 9. 2.69 2.48 2,1
9 1.2 Z.68 2.34 z2.30 2.63 2.40 2.74 1.74
11 5.53 1.%2 2.83 7.18 %.32 2.47 t.51 1.04
1ean h.48 4 2,778 2,834 1,703k 9.48c 258w Z.W - 1.65 ¢t
N Ven 25 7 g.73 3,04 297 2.09 7.44 2.77 X.72 1.7%
9 9.80 2,50 1.99 Z.18 6.E3 2,43 3.3 1,51
i1 b.14 157 3,28 215 B2t 7.4 2.5 1.02
pean 8,23 & 2,3 bcddBc 2,143 7.00d .34 b 2.97 b 1.87 b
cH §07-37 7 7.43 2,50 2.87 1,30 LBt 2,50 2.8 2.18
5 9.0% 2.80 2.97 1.30 7.5 z.B3 2.5% 2.22
11 4,04 1,92 1,80 L3 B.50 .87 2.14 1.32
pean 7.5% bc 2.4 c Z.74d 1,21 c B.4C cd 2.B7 2 Z.9B % 1.51 a
¥ean of 7 8,37 a 103 a 2.96b 1.1 a 8,36 Z.77a 13023 Z.15 3
plant ages  § 8.10 2 2680 147Ta 1.63a 10153 2.57a 3.5l a 1,33 b
11 .94 b .99 ¢ 3.843 1893 11.M8a 2,%9 a8 233tk 1487 ¢
C.v 8,54 181 13,98 11.717 13.07 18,28 i8.54 16,52

Mean differently superscripiad dosn the colsan are sigrificantly gtfferent fros ane another (FO0,085)



Table &, Effect of varieties and plant ages on protein, fat, fiber and ash content 1n
the fresh cassava ( peel and parenchyea ) (CIAT, Decesher 1991)
Varieties  Flant  Crude Fretein Fat Fiber fish

e e T e i e e
{mo) Product By-product Product By-product Froduct By-product Preduct By-product

----------------------------------- (7)) ==mmme= - e o
£¥ §35-2 7 3.84 5,14 1,63 1.59 .45 §.52 1.58 1.30
g .92 3.02 2.07 1.52 2.3¢0 1.38 1.80
i1 2.45 3.44 | 5 7 2.27 2,04 1487 (.46 1.72
Fean J07Ta T.8ba 1.64 bc  1.93 asc 2.27 bzd 4.39 ¢ .18 ¢ 1.80 %
CRC 40 7 . fin. J.20 2.00 1.55 L 2.00 4,28 1.72 1.9¢
9 2,30 2,89 4,78 158 Zva8 5,37 1.66 1.56
i | 1.37 2243 1.59 z.01 2.57 3.18 G.47 0,94
7ean 2.4 ¢ .50 e 2,719 a 1.79 b¢c 2,78 aht 4.00cd 1,35 h 1.82 ¢
£e 1-37 7 273 I.03 2.2 1.04 2.08 328 1,79 155
L . 3.20 2.07 1.01 2.2 4,50 1,44 1.584
11 1.Bb 2.58 1.70 2.60 1.B5 2.93 .36 0,54
mean 2.0 td 2.99 cd 2.01 b 1:35%: ¢ 2.07 cd .52 de  1.23 be 1482 €
K Col 1684 7 2.5 1.7% 2.74 Z.90 2.91 5.18 1,95 2,28
g 2,50 .80 1,54 2.4% z.93 37 1,82 i 1y
11 1.52 2.97 Z.01 1.45 i | 4,58 0,76 1.78
pean 2.3 d 379 8 2.13 b 2,34 ab Z.b3 5,80 a 1.9 a 2.00 a
CH 849-1 7 3.09 3.87 3.24 1.81 2,98 1.48 1.7¢ 2.02
9 2.74 e 1.34 7.00 218 £.1% 1,49 1,91
it 2.09 2.62 1.87 1.37 1.40 3.3 (.53 0,86
mean 2,680 3.3 2.15 b 1.73 be .08 4 J.65 de 1.20 bt 1.60 ¢
M Ven 25 7 2.5 ik 1.81 1,23 2.53 X7 1.4 1.51
g 2.1 L85 | 1,70 L .74 1.44 1.64
11 1,14 1,82 1.23 1.59 1.3 i 0,54 0.81
rzan 1.8 e 2.32 ds 1,40 ¢ 197 ¢ 28 bed 352 e 1,27 cd 1.45 ¢
CH 507-37 7 T.44 .13 1.48 1.44 3.07 5.21 1.94 2.2
9 23 §.26 247 2.B4 2.3 5.35 1.81 2.16
i1 1.86 2.1 1.50 3.9 1.74 4,48 0.88 1.13
mean 2.718 3.63 % 1.78 be 2,53 2 7,48 ah 3.09 b 1,54 2 1.B3 b
fiean of 7 2.93a J.4 b 2.17 a 1.7 2.83 a 3,17 % 1.76 & 2.04 a
plant ages § 2,50b 3.%% a 2.20 a 1.87 a 2.40 3 4.98 a 1.38 b 1,89
i1 1.B4c 2.68¢ 1.5%9 b 7.0t a 1.55 b 36T ¢ 0.43 ¢ AT €
C.v 6,38 1.2 12.67 14.17 18,48 16,76 B.35 14,45

Mean differeatly superscripted down the coleen are significant]y ditferent fros gne anather (R40,03)



Table 7. Effect varieties and plant ages on asylose content, tires and temperatures gelatinization
and viscosity of cassava flour (CIAT, Decesber 1591)

Plant ages/ Aeylose  Gelatinization Optimun G2latinized Viscosity

Varigties EORERIE ~oommemrmmeraes s T Sy
Tise Tesperarute Tise Tesperature  Optieue At S0°C  Set hack
(%) {ain} | (ain) (eC) (EL) (BU) (BU}

7 months :
CH 955-2 23.02 2B ) 44 50 520 540 z0
CHC 40 21.43 26 7 2 30 725 740 15
e6 1-37 21,34 24 2 43 0 - 80 SB0 0 -100
¥ Col 1688 22,12 22 &1 2 £l 840 620 - 20
CH B49-1 24,19 2 k0 4] 20 £40 g - 40
M Ven 23 23.78 23 b7 2b 74 140 30 -250
CH 507-37 28,48 22 &1 R B9 550 1580 -z00
peEan 22.93 a

9 months :
(M 955-2 22,02 24 z 38 8 600 an0 -10q
CHC 40 24,30 2 b2 47 g0 796 720 - 70
£6 1-37 24,34 24 82 54 90 780 650 - 50
M Col 1684 26.02 24 42 47 ) 750 780 10
CH B49-1 23.%0 I35 87 LR 70 720 BED - &0
H VYen 25 26,08 2% 52 Zd 75 449 4] -400
cH 507-37 26,30 26 67 47 50 740 620 -150
pean 23,02 a

11 months :
CM 935-2 243 2 £3 44 59 720 40 - B0
CHC 40 24,58 27 85 44 94 79% 480 i
€6 i-37 23,02 z6 &4 47 50 BZ0 #00 -7
4 Col 1684 24,51 24 &7 43 50 780 680 -10¢
CH 849-1 24,79 2 &7 ? 50 770 360 -140
M Ven 25 .22 3 62 24 &3 i) 15 -140
CH 507-37 4.2 3 2 z 70 780 370 -i1¢
nezn 24,460 a
c.V 3,98

Mean differently superscripted cown the colaer are significantly different fros ore another (P(0.05)



Table 8. Effect varisties and plant 2ges on tises and temperatures gelatinization
and viscosity of cassava starch (CIAT, Deceaber 1391)

Flant ages/ Gelatinization Octimua Gelatinized Visgosity
Varieties — =—===~=sscescmcmscs cmeeeeceeeeeeeeeeo e e e e s
Tire Temperarute Tize Temperature  Optirue At 30°C St back
{min) (=C) {=in} (°C) (El) (RY) [BUY
7 months :
CH 935-2 22.3% 62.3 7 b3 1370 8a - 475
CHC 40 22,0 b1.3 7 &3 1078 &00 - 470
L5 1-37 25.0 62,3 8 47 113 Ba0 = 233
M Col 1684 21,0 58.2 25 81 1150 214 - 180
CM 849-1 22.0 50.8 27 &8 1656 710 - 120
N Ven 23 21,3 61.0 &) LR 1073 L0 - 435
cH 507-37 19.8 38,2 23 48 1480 540 - 540
9 months :
[H §35-2 22,3 A2.8 27 83 1085 200 - 263
CHC 40 3.5 61.3 i 73 10335 g5l - 188
.6 1-37 25.0 62.9 29 70 1130 B4Q - 50
M Col 16B4  21.7 58.7 77 ¢4 1240 750 - 150
CH B4%-1 3.3 60,4 e 69 11BG 870 - 319
N Ven 23 24,0 61.0 28 71 1025 180 - B45
CH 307-37 1.5 60,5 Z4 63 1370 Bal - 310
11 months :
CH 955-2 23.58 £3.0 30 A 1630 780 - 270
ChE 40 24,0 §2.3 3l Z 1030 B0 = 23
ce i-37 24,5 63.8 {7 72 1043 550 - 496
H Col 1684  21.0 80.2 23 &3 1530 730 - 74¢
CH B45-1 24,0 60,5 28 57 1310 880 - 530
K Ven 23 237 62.5 e 70 1175 25 - §25
CH 507-37 2 b1.5 23 &3 1350 {13 -1173




Table 9. Bating quality of the fresh cassava roots as affected
by varieties and plant ages

- - -

Varieties Plant Cooking Texture Perfor- Fiber Taste Deterio-
ages times DANCe  meeeemmemeeeeemeee—eee ration
(mo) (min) Bitter Medium Sweet
CMC 955-2 7 18 0.3 0.6 1.0 0.0 0.0 0.0 0.3
9 16 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 20 0.3 0.3 0.3 0.3 0.0 0.0 0.0
CHC 40 7 18 0.6 0.6 0.6 0.0 0.0 0.0 0.3
9 20 0.0 0.6 0.6 0.0 0.0 0.0 0.0
11 20 1.0 0.6 0.0 0.3 0.0 0.0 0.0
€6 1-37 7 18 0.3 0.3 0.6 0.6 0.6 0.0 0.0
9 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 30 3.0 3.0 0.0 3.0 0.0 0.0 0.0
MCol 1684 T 22 0.0 0.0 1.0 3.0 1.6 0.0 0.0
9 25 0.0 0.0 1.0 3.0 2.6 0.0 0.0
11 20 0.0 0.0 1.0 2.0 2.0 0.0 0.0
CM 849-1 7 19 1.0 1.0 1.0 1.3 1.3 0.0 0.0
9 21 0.0 0.0 0.6 2.0 1.6 0.0 0.0
11 20 0.0 0.0 0.0 2.0 2.0 0.0 0.3
NVen 26 7 18 3.0 3.0 0.0 3.0 2.0 0.0 0.0
9 30 3.0 3.0 0.0 3.0 3.0 0.0 0.0
11 30 3.0 3.0 0.0 3.0 3.0 0.0 0.0
CM 507-37 17 18 0.0 0.3 1.0 1.0 0.3 0.0 0.0
9 20 0.0 0.0 1.0 3.0 3.0 0.0 0.0
11 18 0.0 0.0 0.0 2.0 1.0 0.0 0.0

Score : 0- very good; 1- good ; 2- medium and 3- not good.



SECTICN 2.

PHYSICQ-CHEMICAL OF THE KRUPUK PRQDUCT ON SOME OF
THE FORMULATES OF CASSAVA COMPOSITE FLOUR

by : Sulsmono and C. Whealley



FHYSICO-CHEMICAL OF THE KRUFUK FRODUCT ON SOME OF
THE FORMULATES OF CASSAVA COMFOSITE FLOURS*?

Suismono=* gno . blhpatlew=?
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of VAR T s capabls of gelatinizing  sterch  granules  in

pure cassava fFlowe, Fecorienting the amylose and amylopectine

molecules to from netuork whicoh posseses viscoeslastic  properties

&

amilar Lo those provided by wheat gluten. It can be used For
the production of variows convernience products such  as  snacks,

braal-fast cereals, baby food etc. and to give a provitable in Lhe

industry levels (El-Dash and Chang,1288) .

Kruptl  ds Ffood prodoact in Indoenesia and i0s one of Lhe ex-

trution product. This product are called "Chicharei tos"-YURL in
Colombia  and "Ca-charon” in Philippines (SGurea,  1P87). LA WETHY o
product dn Indunesia was consumplted Lo the complement food or
sEracl. Sum o of  small  dndusltries  are prodace the kind of the

il prroduction arer

Krwpuls products 28,739 marfactorie
282,327,678 kg on R (Table 1) (Madetlten, 1289 , Thiee 1 aw
materials of lrupubk from fresh caseava, cassavea steorch and Flowrs
are eachs Q0.2 tons, 26,6 tons and  0.18  tons  (Table @ (CERS,
128%) .

fppropriate the cassava wtilization progeam in Indonesia ds
wsing cassava flowr for food products, then the trials  of  this
experiment are cassava composite  Flowes for made Lhe kol
Changes dn the nubreient of the cassava products prodaced by ool
ing may be conviendently dnto those changes browght aboul by heat

arngd those due Lo the effect of water and steamnm, o fat  and  oil

(Bradbuwry et al., 1987, During the preparation of the lwrapmal,

changes of colowr, laste and texlors varied depending on the for-

ava composl e Tlowrs  wsed., Thie  experiment

malacte of the o
were  studied the  ochanges  of physico-chamical at the Kerupuk

product by the effect of the composite flouwe Fformalates,

MATERIALS AND METHODS

Thiie experiment execated on Apeill - SBeplembar 1991, (Cavmamansa

roots wsed "Paralel” vardely (Local  wvarie Tirom  Karawang-Weast

Javas-Tndoneasial arl Fraorvested at 1L months the  plant  age.



Frocessing of cassava flowrs., cassava  starch  and the  Kewpuk
products  made in Chemist Laboratory-SURILF (Sukamandi Reseqarch
Imstitute for Food Crops)-Indonesia and the analyvsis of  physico-
chemical dn the Laboratory of Cassavea Utilizarion-CILaT {(Centro
Internacional de aAgricultuwra Tropical) Cali-Colombia. Experimen-
tal design ds Rendomized Completels Desiogn (RCD)Y) .,  three replica-
tions and the factors are the formulate of composite Flowrs from
cassava flour (CF) @ cassava staroh CEED o e he # (O100)
(ENAZ8) 4 (HOBEO)Ys (Z9s@hH) and (10070).

The steps of cassava Tlowr process was peeling.  washing,

ing, deying and milling. Iy the step of pressing

chipping, pre
produced the waler  and  the starch (Figuee 1) . Fracedure of
Kiwpul: processing was mixer with the blender all the spioes o
volve the shallots 20 g, the gearlic 10 gy the salt 20 g and the
sugar @% 9.  The composite flowrs of 200 g with the trials forome
Late added the egg (two dinner spools) dand the water 400 ml  as
Little as until textuwre the pasta compact and elastic and then
packed with banana leaf and steamed at 100°C during 90 minutes.
Malwing  cold  overnightlt  at  room teaparature, Hlicing with the
dense size 23 aun Lo tThe sun dryer (4 2 days) until moisturse con--
tent LO-12 percents.  Then the Rruapulks were Frdied on oil at  Lem
perature 100-15%0°C so  wvelume Krupuk larger than before baked
(Figure &).

Chiesmid cald composition of cassave  Flowr,  staroch  and lruapal
praducts  were analysed as total and free oyanide with hydrilysis
of enzimatic methods (Coocl, LP78)., amylose corntent (Sun-han and
Mactheson, 1990), total and reduce sugars (Cronic @and Smith, 197%9)
and  starch content with modifikasi hydrolisis acid and enzymeatic
mert hods (Baltey and Ryde, 1982Y. Mitrogen was determined by lLhe
semi-attomatic Kieldahl method using the Tecator System (orade
protein = K x &.2%) (Bradbury and Holloway, 1288), falt, fibre and
ash by MHarris method (MHarris, 1970) . Fhiyvsical analyslis &8 Cas--
sava  Tlowr  and  starch  are wicosity and  the temperature of

gelatination with Brabaender-Yiscoany lograph  (Halick  and  Kelly.,



1299, and  lorupuls prodocts are hardness (with Fenetromster) and

gpadalfic volume.,  Organoleptic test (aroma, taste, textwres,  pers

Formace and Likeness) with hedonio method ( farea, 1988).

FRESH CASSAVA ROOTS
Peeiing
Nas;ing
Chi;ping
(size,wicde 10 mm, dense 5 mm, long 50 aun)

Fressing
(Hydrolic system)

WET CHIPS STARCH SOLUTION

LGedimentation

2 SEDIMENT OF STARCH WATER

Drying
(lintil moisture content 10-12%)
DRY CHIFS CASSAVA STARCH
Milling

CAGBAVA FLOUR

Figure 1. The steps of cassava flour processing
(CIAT, September,1991)



Freparation

v

v Vv
Mixing Mixing the spices
= the formulates of composite floar ]
(Cassava Tlowr and starach) B
w e waler
= the egaq

¥
FABTA
W
FPackaging ( with banana leaf)

u
"

W
Steam (110=C, 0 minutes)

W

Cold (room temperature, 12 hours)

v
Slicing

v
Drying
W
Frying
v
KRUPUE

Figure 2. Frocedure of the krupuk processing
(CIAT, September,1991)



RESUTS AND DISCUSSION

Chemical composition of Krupuk

1.Cyanide content

Cassava "Parelelk" varielty i contain the total oyanide in
the cassava flowr (CF) 385,466 ppim and in the cassava starch (CH
Sa9% ppm. T oto due, we were mixed o become the composiobe FLour
and made the roapulk prodact, s0 Lhe total cyanide content din the
compoasi te Flowrs with the formulates (CF208) as Onloo ,  2587%
ppm, S0 ., 24025 and 10020 are each Z2.93 ppm. Q078 ppan, 2081 ppn
and 32.98 ppm. Toltal cyvanide of the Keuapuk ds lower than cassava
Flowre and steorch,  espacially of mixed with cassava flowrs  less
2EN (Figure 3). During  processing  of the cassava Tlour was
Feduced the total ovanide content (Auarea, 1983).,

Frese oyanide conctent in the Keupod ware  increase Af the
Formulates of  the cassava composite  Fflowr fewer than cassava
atarchia Free cyanide content with the foronulates CFrCH5 as 02100
« 2Be75 , BOsG0 , PHu25 and 100:0 are each 100% , 74.9% o 31.0% ,
J0.09%  and 8.2% (% free CH from total oranide).  Free opeanicds in
the Krupulk are 0.87 - 4,21 ppn Lower Lhan dn the  cassava  flowe

4

.76 ppm (Figure 3). During the Krupulk processing was evaporated

the  water by heating and together Loss cyarnide content OSureda,
1968).,  On the cooking process are sltean or boiling and balking to

reduce the oranide content (Trowug Yan Den, 1988) .,

b. Carbohydrate content

Starch and sugar are componant of carbohydrate. Htarch cone

tent in the Krupuk on each formualates were  incorease  which  com-

e,

parted in the cassava Tlowr 708 and cassava starch Y55 Bertween
Lhe formulates of the composite flowr so moch larger of Lhe  cas-
gava  Tlowr were added, then starch  content in the Keapulk to
decrease. The formulates of the composite Flowr FOICS as 02100

s -7 g G GO PHe2% and 10020 are contain the staroh  concbent

7 IR "

)



TOTAL AND FREE CYANIDE OF THE KRUPUK

BEFORE FRYING

CYANIDE
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c Froximate analysis

Froximate are involve protein, fat., fiber and ash comtents.
Fratein content at the cassava Flowr and starch  are  each 128N
and  0.877% lower than at the Krupuk products L.57 to 2.628%. A
content at the cassava flowr and starch are each Q.66% and L. 420
lowey then  at the Krupulk 3.54 to 5,708 (Table &). Frotaein and
ash content at the Krupuk were incresss with  added Lthe cassava
Flowr on the foreulates of composile flowrs, Fratain contenl ab
the formulates CF:C5 as 2100, 2%275, S0:50, ZHe28 and 10020 are
each L.G878, 1L.7588, 1.922%, 2.287% and 2.62%. So the ash contents
are J.094%, J.74%, 3,288, H.18% and H.7%. 0 May be a few Lhe mixing
of cassava Tlowr (larger cassava starch) gelatinized very quicly
becouse the time of gelatinization &l cassava starch shorter than
cassava Flowr  (Figure 4), so to decresase protedn and ash cone
ternts. Effect heat can be denaturate protein for  cooking
(Cheflel et al. P85, aAsh conlent was decrease bhecouse reducing
the minerals (K, HMa, P and 8) by boiled, &and Sodiuam (Ma) by

steamed (Bradbury et al, 1787).

Takle 2. Kadar protein, fat, Tiber and ash pada beberapa formela
ke ks

Formulates of Hrotein Fat i ey e by

composi te Flowrs (] (") (&) )

nhn B HERE BEEE BRas Baes 45 F100 48NS KSR NEES S5as SES) 5483 SRAS Eas Swee SRES SSEN HREs SmEs NS HERL S4S Bae eSS BERS A0S FERS SRES

Weas 8ass B0u S80s BEE HESS B08S HERE SNE 546 FAET BNE 444 SEA SO HAIT SEEL SEBS FLES BEAS Bess S8S SAIE LUAS HEST S4ER S8 BEES ELS 0RS P —

Krupuk @

(CF) 8 (C8)

0O : 100 B 1 1.O0 0.0 3.0
o3 =8 73 175 1.06 0.09 B.74
ad = 5O b L Q06 1. 85 B =
7% » 256 2 uid7 1.88 1863 v 183
LOO & O 2.6 1423 Ll 0 iy 70

Raw materials :
Cassava Tlours (CF) e I
Cassava starch (Ln 0.8z
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(&



SWELLING AND HARDNESS
OF THE KRUPUK AFTER FRYING

saq SVELLING or HARDNESS (%)

150 |- |48

100_.. i - - j;“

CFQ CF25 CF590 CF'?5 CF1400
CASSAVA COMPOSITE FLOUR

BEE sweLLiNG  —+ HARDNESS




Fat and fibsy contents  were anorease with o added e AV dt

Flouwrs in the Fformulatss of coposite flowr (Table 2). Effeot of

cooking can be denatuwrate the @tarch content and can be  dnored

L287) .

fiber content (Brabuwey e

Fhysical Characteristics

a. Viscosity

Viscosity ds relationship betwesn swalling power and the
Brabender pasting cuwrves. Therefore,  bolh swelling power  and
viscograph curves srs usually determinated (Miller gl al, 12735).
Adding  the cassava Tlowr al the foroelate of the Keapols was need
Lhe time of gelatinization 27 minutes at the paste  longer than
the cassava sltarch 23.% minules., Temperatwres of gelatinlzation
increase 60.5¢C to &7<C, the time of the optimum gelatinization
27 to 42,5 minutes and temperature 466.8°C to F0°C, but the op-
Limum visochaily decrease from 1740 BU Lo 720 BU (Table 35 and
Fagure 4).,

Setback viscosity indicate after colling at 50=C for 30
minutes which characteristics of the paste  will  stabilizer and
tendency to retrograder  (Mazurs el al. 1297 53 Aurea, 1938 3
Whistler et al. 1784). After cooling at 5S0=C, the viscosity in-—
crease alt all forsulates becouse the starch ds not compact in the
granttle  (Richana  and  Damariabi, 1928%) or  beltween the staroh

-

meoylead Les have bean Lhe dinclination Lo assosiate (Lee ol al, 1947

and Leach L9y . Betwsen the formalactes, afler cooling at

30°C and setback viscosity increase until CF7% each 480 BU and -
170BU. The symbol of negative (—) indicate that after at S0=C for

20 minwtes still the soft of the paste (Samson el al., 19900,
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some’ formulates for the Krupuk products



b. Spesific volume and hardness of the Krupuk

After  Ffryving  all  the Krupul was swell 130% Lo 190% 1.9
times) and belwsen the foroulates with added the cassava  Flowrs
are little ar no relation swelling. The Formulates CFO Lo CF 285

147% to 170% and CFB0 to CF 100 about 130 % (Table 3)

Table X, Bwelling and hardness of the Keupulk al before
anc after bakiing

siofd o o volume (O om) Hardneses

Foarmalate of & pa
the Krupul

Before AfFler Before  @&fler
CEF 2GS frying frying (% Frwing feying {57
0 s 100 L0 20.05 170 i
a8 a 7% Lida. 2 18,0 k27
B0 a4 80 144 18,8 289
23 @ 78 Iy 21 .2 B4
100 8 G P = 1056 B
Type 1 [ e 28. 9 358
o L 7

yRprt)
14,0 £

_::
N

LN

P

o

L
e
i

W'l L

j
e

::3'«\?

4 g
o

g

1 measure with Fenetromete
Type L,2 and 3 are the Keupuk prodoact from oindustry levels

",

Indonesia materials each & Lypes 1oand 35 (100N cassava

starch) and type & (78% cassava slarch and 209% the shyimp).

=

Suwelling of the Krupulk were decrease with added lthe cassava

Flouwr at  the composite flowr compearted the cassava starch, Lz
cowtse amylose conltent Lager. These s wvisible al dncreasing the
viscosity of the cassava starch paste for cooling at 50°C  and
setback viscosily more stability, therefore afler ferying Lhe

Kirwptks wolune  of cassava  starch  are  sweller than al cassava

wma [y

sltarch. Erdarng (1L985) reported after Lhe gelatinize proc
heat  and  water, so  the  characteristios of stearah toy Farm the
power bissue (U"mioel™). A e Frying . the bdsuwes can be swall
and  the  starch  more  stabkllity (BEndang, 198%). frea (1FED)

reported at the fried cassave chip, the swface expansion  Ls



positively correlated with maximun paste viscosity., which is ob-
tadned the increase in structuwral viscosity caused by the swollen
starch granules is conterbalanced by thedecrease in viscosity
resul ting from desintegration and solubilisation of  the starch.
Cassava strach dn flowr with hight maximam viscosily apparently
swells more hefore a madior portion ds  converted Lo fragments
during continuows  heating. It sesns that the more swollen the
starch granules during stesaming of the dough, Lhe grealther was
the expansion of the dried chipsg frying. Cassava starch is mostly
made  up of starchi and when suspension of starch is heated, the
waler molocuwles enter the starch granules overcoming the associas
tive forces within the granules and  staroch  granules  swell  out
many times their own volume (Leach gt al. 195%9).

Between  the fornalates CFO to CFLIO00, the havdness of the
Krupulk increase with added the cassava flowr at the Lrials afler
and before baking asch 137¢ -~ 3429 pery 10 mm and L2%qg ~ 216 g per
mima.  But  afler baking the harness of the Keapul wers decrease al

all the fTormulates from CFO to CFLOO were 24% to 63% (Table 3).

c. Organocleptic test of the Krupuk

Organcleptic test were execuwted by  tens panelis  on the
colowr, aroma, ltaste, texture and perfornance at the Krupuk
products before and aflter frying.

Before frying., with added the cassava Tlowr at the composite
Tlouwr, the Krupuk colouwr was Light brown, texture less compact,

R S Uritil the for-—

heordness decrease and performancoe was e
mulates CF 73 is indicate the panelis atill like (Table S9).

After frying, betwsen the parameters the panelis more 1ike
the colouwr and taste of the Krupuk. Until the foreulates CFZ% is
the panelis still libke the colowr, aroma, taste and performance
The Krupuk (Table &3. Changes of the color i a probable couse
Tor the the formation of browning products betwsen the sugars and
theamino acids  dwring steaming  of the cassava dough. fAs bhe

degres of darkness of the steamaed dough increased and the  fried



chips becans davber (Hduarea, 1988). 1t seenms al the forowlate CF5
which the colows  less  Like (Table &) and total sugar content

highest (%9.07 %) (Table 1).

Table 9. 0rqann1np!|b test of the Krupuk before frying

Fmrmu'atw of Colow  Texture SLtickiness Frer-forman ce
the Krupub
(CF $C8)
0 8 100 b 8.0 a4 2ad
a5 & 78 Pl H.0 & é i
5O p WO TS G5.0 4.6 A
#0 8 25 I A dh A4 2wk
100 » O Sa Aath Suh Pows
Ty 1 3.0 G.0 o 0 Zuih
@ 4,8 4.8 4,9 T
3 1L e 9.0 755
) W) a0 s 0 poa
Type 1.8 and 3 are the Krupuk prodact from industry levels
materiale each o bypes L oand 3 CLODN cassave slarch) and
type 2 (70% cassava starch and Z0% the shedmp) From
Indanesia and type 4 "Chicareitos"-YURLD product from Colom-
bia. Score » 59.0-4.6 very Like, 4.5-3.4 like, 3.48-2.6 medi-
iy QLG l.éd less like and L.5-0.0 no like.

Table &. UVﬂunnltplt5 fest of the lrupul after freying

Formailate of Dolowr  Aroma Taste  Texture Poerformance
The Krewpad:

(CF a8

O s 100 3.8

25 g 78
B0 2 HO 2.8
75 3 24 Bad
100 & O el
Type 1 a8

e

B 28 25
i B i = 2ab
5 P & o
3 A b
o.8 2 ils 30
gL o Suth

- Pt 2.0

,
v e
H]

5 &

=S

&L L2 =
3 a @ 4,0 3.0 Duty

4 G ] 3.7 30 Bub

Type 1,8 ancd J ave the KQrapols prodoacts From dncdustery lewvels
materials each @ tyvpes L oand 3 (1008 cassava staroah) and
type @ (7% cassava staorch and D55 the shedmp) Troam
Indonesia and type 4 "Chicharritos" =YL product from
Colonbia. Scores 3.0-4.6 very like, 4.5-3.6 like, J.050-2.86
medium, 2.5%5%-1L.6 less lilke and 1.5-0.0 no Lilke.

1
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CONCLUSSION

L. Aafter steaming, total cyanide al the Krupulk is 2 to 32.9 ppm
(< B0 ppn can humman  consumption)  and  starch  content  was
denaturated during steam (still 77 percents with added 75 per-
cents the cassava flouwrs). It seems by to incresase thse total
slgar and i ber conctents. Frotein, fal and ash content  are
increase Lao.

2. AL bhe Fforowlates of Krupuk products, during the gelatiniza
tion  needed the times 23 to 27 minuwtes, teonperatures between
60.5% to 67°C. The larger adding of cassva flours are decrease
the pealk viscosity and retrograded the Krapul after fied
{(atill 147 percents swelling of the Krupuk with added 28 per-
cents cassava flours).

-

3. Aadding the cassava Tlowr are resul ted the Krupuk pruducts mo-
Fe Liled by panelis.,
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Table 1. The Snall Industries of the Krupuk kind produces on eights province,
Indonesia, 1987.

Provinces Sua of Labours  Production Value of Value of
manufacturer production invetation
(units) (Kq) (Rp) (Rp)

South Sumatra 1,253 4,798 9,226,690  7.496.687,-  596.207,-
West Java 2.117 15.321 B1.210.220  60.908.415,- 1.848.480,-
Central Java 9.973 4B.532 51,465,374  456.318.837,- 6.236.350,-
Jogya bbb 1,996  5.B47.010  4,092.907,-  4B3.306,-
East Java B.803 J0.566  74.553.638  72.689.798,- 5.504.750,-
West Kalimantan 116 318 571.380 559.933,- b5.6135,-
N.T.B 73 3,032 5.775.716  1.732.715,-  112.870,-
South Sulawesi 38 229 477.670 358.253,- 168.324,-
Totals 23.739 104,722 229.127.698 194.157.56%,- 15.015.629,-

Souce ¢ Madhetten (1989). ( Eqv. 1 $ US = Rp.1.B30,- on Dctober 1989).

Table 2. Production of the Krupuk fros some of the cassava product
in Industry manufacturer in Indonesia, 1988

Cassava products Production of the Krupuk (x 1,000 ton)
Fresh roots 0,20
Tapioca starch 26,60
Gaplek flour 0.18
Totals 27,00

......................................... - amm-

Source : CBS (1909).

Table 3. Pasting characteristic of Cassava composite flour
(65 mesh particle size) for the Krupuk product

Fornulates of Times of qela- Pasting Peak viscosity/ Viscosity Viscesity  Break Setback

the Krupuk tinization temperature temperature at 90°C at 50°C down  viscosity
(CF & C5) (min,) (=C) (BU/=C) (p) (BU} (h) (BU) (c) (p-h) (c-p)
0 : 100 23.5 80.5 1740766 300 410 1440 -1330
175 23.2 61,5 1205767 425 625 780 - 580
30 : 50 24.0 62.4 980/86 460 690 520 - 290
715 : 25 27.0 67.0 B50/90 480 480 370 - 170
100: 0 25.0 63.5 720/83 375 530 175 - 190




SECTION 3.

STUDY OF COMPARISON ON THE RESEARCH OF CASSAVA POSTHARVEST
BY CASSAVA UTILIZATION CIAT AND SURIF PROGRAMME

by: Sulsmono



REPORT
STUDY OF COMPARISON ON THE RESEARCH OF
CASSAVA POSTHARVEST BY CASSAVA UTILIZATION-CIAT AND SURIFL»
Suismono=’
CIAT ( Centro International de Agriculture Tropical ).
Cali-Colombia

SURIF ( Sukamandi Kesearch Institute for Food Crops ),
West Java-Indonesia

INTRODUCTION

Cassava (Manihot esculenta Crantz.) is the fourth most important
source of calories for people in the tropics, after rice, sugar
and maize (Cock,1982). Cassava has importamnt function as a

famine food in areas where food security is low.

Colombia and Indonesia 1is a country in the tropic areas to
produce the cassava. Central of cassava production in Colombia
are the Atlantic Cost Region, to include four provinces ( depar-
temento ) as Atlantico, Bolivar, Cordoba and Sucre. Location of
pilot plan of Cassava processing program-CIAT is in Chinu,
Sincelejo-Sucre (Figure 1 and 2). Central of cassava production
in Indonesia are five provinces, to includeas East Java, Central
Java, West Java, Lampung, NTT, D.I Yogyakarta and South Sumatra.
Location of Pilot plan of Cassava processing-SURIF are in three
provinces as Central Java, West Java and East Java.

This report is a study of comparison ot cassava postharvest,
especially Pilot plan of Cassava Agro-industry System during
Visiting Researcher June - Decembre, 1991 in Section of Cassava
Utilization-CIAT., Cali-Colombia by Researcher Staff from SURIF
(Ir.Suismono) and visiting to the pilot plan area in Sicelejo on
Octobre 16-19, 1991 together the staff of Cassava Utilization-
CIAT ( Dr.Carlos Ostertag and Lisimaco Alonso ).

1) Report on Visiting to Pilot plan the (Cassava trlaur Agro-indus

. try of CIAT Programm in Chinu-Sincelejo.Atlantic Cost Colombia
at October 16-19.1991.

2) Researcher Statrf of SURIF -West Java. Indonesia



THE ATLANTIC COAST REGION OF COLOMBIA
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FIGURE 1 and 2: Location of the Pilot Plant of Processing in Atlantic
Coast, Colombia.




CASSAVA UTILIZATION PROGRAM - CIAT, COLOMBIA

Pilot plan of cassava is include three activity : Dried cassava
for animal feed, fresh cassava and cassava four for human cun-

sumption.

Activity were divided in two phase: pilot phase (1981-1984) and
replication commercial phase (1985-1989). Pilot plan location in
Chinu-Sincelejo, Sucre, expectant can be given impact of applica-
tion technology of processing. Cassava production in Sucre are
108,700 ton (plant areas 9.700 hectar) in 1983 largest than other
food crops as rice (35,200 ton), shorgum (22,300 ton), maize
(14,100 ¢ton), vam (56,00 ton) plantain (15,700 ton) and sugar
care (9,000 ton) (Janssen, 19886).

First orientation of the cassava research is used for animal feed
becouse to the subsitution of shorgum at concentrate of animal
feed. Production of animal feed in Colombia, 1984 are 1,535,600
ton (Table 1) and Import shorgum highest 207,500 ton,1980 (Table

2).

Table 1. Animal feed production in Colombia, 1984

Production % of total

(ooo tons) production
Animal feed for:
Layer-1lens 790.7 51.5
Broilers T2 .8 24.3
Pigs 219.7 14.3
Cattle 130.3 8.6
Other . % 0 1.4
Total 1,5635.6 100.0

Source: Janssen (1986).

Table 2. Shorgum production and imports in Colombia, 1977-83

Areas Production Import

(ooo Ha) (ooo ton) (oco ton)
1977 189.5 406. 2 1256.8
1978 224.8 516.7 50.6
1979 221.2 501.3 170.5
1980 206.0 430.5 207.5
1981 231.3 532.0 55.0
1982 291.2 575.5 132.9
1983 280.0 617.3 97.9

Source: Janssen (1988).



Management system, in order CIAT programm to coordinate inter-

institutional activity. DRI (Integratet Rural Development), set
up tehnical assistence Team responsible for selecting the project
areas and the farmer groups (15-30 farmers). The status of

farmer groups were possible became an Assocoation of cassava
producers (ANAPE) as in San Juan de Betulia (Sucre) was selected

for the pilot drying facilities (300 m2). Some of the famer
groups have gone through the bereaucratic hassle of becaming
cooperatives. The Team is include some institutions as CIAT
coordinator. Institutional on the Atlantic Coast and their prin-

cipal functions are the coordinator and leadership IRD by (DRI),
the credit by (Caja Agraria, FINANCIACOOP, CORFAS), the farmer
organization and legal advice by (INCORA), production by (ICA)
and processing by (CORFAS).

Dried cassava processing was weighing, washing, chipping, spread-

ing, drying and packaging by Pilot plan-CIAT. Milling was con-
ducted by feed industry (Figure 3).

...............................................................

: FRESH ---> Weighing ---> Washing ---> Chipping ---> Drying
: CASSAVA |
]
...................................................... ; E
..................... v
Milling £—— : —- Packaging
.....E .............. E ........
(Feed industry) (Pilot plan-CIAT)
Figure 3. Dried cassava processingfor animal feed
(CIAT, 1991)
Balanced Integreted poultry
feed industry and park producers
A s
! :
Coop. or s Drying plants : <== Intermediares
Association : A 2 -
Member farmer z Non member farmer
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Figure 4. Dried cassava processing and marketing channels
in Atlantic Cost, 1985 (Janssen, 1986)
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Spesifecation of the processing equipment are washing machine of
the CIAT model, Chipper machine of the Thai model with 3-10 t/h
capacity. The natural drving floor areas ranged 300-3000 m2 with
turning them 6-8 times daily with a wooden rake until 10-14 mois-
ture content which started at 4-6 pm in the afternoon during 36-
48 hours. Capacity of natural drying floor is 8-10 kg/m2 and the
warehouse is 48 m2. Plans of 500-1000 m2 require 4 workers those
of 2000-3500 m2 require 9 workers(Figtve 5 aj,

Result of the dried cassava processing for animal feed was the
ratio fresh to dried cassava 2.6 : 1 (30%). Inthe marketing,
provit of the dried cassava processing are 19 US $ (Table 3)
(Janssen and Ospina, 1983)

Table 3. Provite economic parameters of a cassava drying plant

of 500 m=

1. INVESTMENTS (US %)
Drying floor + warehouse + 5400
Chipper + motor + 1800
Other equipment +_ 900
Total + 9000

2. WORKING CAPITAL (US %) + 5000

3. PROCESSING COST (US $/tons dried cassava)
Operation cost 15-25
Transport cost 10-25
Interest cost + 10
Total 5 35-565

4. MISELLANEQOUS PARAMETERS
Produstion per year 144 tons
Prime material needs 360 tons
Profit/ton 19 US %
Internal rate return (IRR) 30 %

Source : Janssen and Ospina (1983).

Dried cassava production is far more favorable for the country
than shorgum production, as expressed by a DRC-ratio of 0.72 ver-
sus 1.26 (DRC= Domestic Resource Cost). Internal rate of teturn
(IRR) of round 7%, while dried cassava production has a positive
one of about 43%. The Benefit Cost ratio (B/C-ratio) support the
provious conclosions : for shorgum the B/C-ratio is 0.89 and for
cassava 1.21 (Table 4) (Janssen, 19886).



Table 4. Indicators of economic value of shorgum versus
dried cassava International prices, 1984
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Shogum Dried cassava
production production
DRC-ratio 1.286 0.72
IRR -7.10 % 43.80 %
B/C-ratio 0.89 1.25

. ————————— i ——————— . — —————— . ————————— — . —————— ———

Source: Janssen (1988)
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Location of the Pilot plan in Barranguilla-Atlantic Cost. Opera-
tional activities wasconducted by the Team, with the coordinate
of CIAT programm, includes CIAT, DRI, SENA, ICA and CECORA.

Fresh cassava for human consumption, wich appears to lose impor-
tance in the urbanization process. It"s assumed that improvement
of fresh cassava market can be reahed by improving the storage
capability of the fresh roots (Janssen, 1986).

The treated root are stored by CIAT with fungicide Mertect 450
(Thiobendizole) concentrate 4 ml/ liter water and dipping large
saks of reots in the barrel containing the Mertect solution for 5
minutes, followed by a 15-30 minutes wait to remove excess mois-
ture. Packaging is a polyethylene bags for up two weeks.
Changes in root dry metter and strach content are non signiftficant
during storage and only minor in sugar content occur and 1is not
toxic for humans. It’s used commercial to treat banana and
potatoes.

Semi commercial tials showed it was possible to reduce cost from
U5 $ 12 to % 4/ ton. and the roots had to be packed only once.
Consumer reaction were positive and the baggad cassava was being
sold throug retailers in the pricipal open market and through
sphopheepers in several neighbourhoods. Net prtfit for the
farmer/ groups were Col. $ 24000/teon in 1987 (DS $ 1= 242 Col.$,
avg for year). Several name were consumer tested and the most
favored was a name Associated with treshness "YUCAFRESKA", wich
was regestered in the name of the National Association of cassava
producers and processors (ANPPY)(Figure op)

Marketing system of the fresh cassava in Atlantic Cost KHegion of
Colombia, 1983 a=s Figur 5. HNet protit margin for marketing cas-
savd  iW hads. 1987 war 288,876 PSS B from salliong 51 tong Tresh

cagsava (Table 5).
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Figure 5. Marketing of fresh cassava in Atlantic Cost
Colombia

Table 5. Estimate of profitability of marketing cassava in bags
during August and September 1987 ( L1 tons sold)

Income from sale of cassava 2,266,592 44 .44
Treatment and marketing cost 1,981,01% 38.45
Cash floun 305,575 5.99
Working capital # 15,000 0.29
Depreceation *% 1,700 0,03
Net profit margin 288,875 5.66

* Working capital Col.$ 500,000 lent by cooperative for cas
sava merketing at annual interest of 18%.

¥k  10% deprecion of spreyer, stapers etc., spread over the 4
month period during which cassava will be harvested by the
cooperative.

0



3. (Cassava flour for human consumption

Location of cassava flour pilot plan is in Chinu, Sncelejo, Sucre
Dept.-Atlantic Cost. Activity is conducted by Team with the cas-
sava Utilization-CIAT Programm. In order the coordinator CIAT,
to involve the instituties was IIT ( Instituto de Investigaciones
Tecnologicas ) Bugota and Univalle ( Universidad del Valle ),
Cali at phase 1 (1985-1988) and added DRI ( Integrated Rural
Development-Fund ) at phase II (1989 - ).

Increasing in. consumption of processed foods and bakery product
have effect an increasing import of wheat (Figure 6). Cassava
flour is potential to substitute wheat flour in bread up to
levels of 15% (CIAT, 1988).

Figure B. Colombia: Trends in imports and totat consurntion of wheat and
wholesale price of wheat flour. 1960 - 1985

800 0.8

700 - T 07
Total consumption .« |
600 ) 7 fos
. o 1980
500 . (Y - 0.5 Pesos

P 1 per

Tonnes ’\J{I Imporis g

1000 400~ W e - 0.4
\f o
s N, - 0.3
-’ \\ I,
PN e
Gy ig /-"'" b Gt : . Wheat llour - r o2
10047 i " - 0.1
) . sl I
O I i Y O O DN 1 O O T O O W L

1960 1965 1870 1975 1980 1985

Principal activities in the cassava baking flour project was in-
clude the research economic evaluation by CIAT/IIT, design and
development of processing plan by UV/CIAT and bakery product
development by IIT/CIAT (Figure 7).

Composite wheat -cassava flour system was include the system of
cassava production, cassava flour processing, composite flour,
bakeries production and consumers (Figure 8).

Processing of the cassava flour were involve preception and
weighing, selection and treatment, sorting, washing and peeling,
chipping. drying, premilling, packaging and storage. MHMilling was
conducted in the wheat milling on the bakery industry (Figure 9
and 10). The process operations of cassava flour in the Pilot
rlan (capacity, 1 t/day) showed at Figure 11.
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Figure 7. Prinwpal activities in tho cassava baking flour project
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v
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Figure 11. Cassava flour processing at Cassava Utilization
CIAT Programm



Table 6. Production cost of the one ton per day cassava drying
plan 1988 costs

Price Cost per
Quantity per unit ton of dry
Col.$ chips
Col.%/ton
FIXED COSTS
Maintenance 334
Administration 3,584
Depreciation 1,833
SUBTOTAL 5.:%51
VARIABLE COSTS
Labor (wage) | 1153 4,612
Raw material (tons) 2'7Th 8178 22,490
Package (units) 20 120 2,400
Energy (kwh) 52 7,6 395
Carbon (kg) 225 g 2,025
Water (cubic meters) 4,5 10 45
SUBTOTAL 31,9867
FINANCIAL COsT
-on fixed investment (18%) 3,907
-on working capital (16%) — 614
SUBTOTAL 4,621
total cost 42,239

Source: CIAT (1991).

Total production cost of dry cassava processing is 11,826,826
Col. $ per ton in 1988 (Table 6).
The produce cassava flour was competative price compared to wheat

flour. Allowing a 25 % provit margin for both the cassava grower
and processor, cassava flour can be produced at 72 % the cost of
wheat flour. Cassava growers will need to maintain their com-

petitivenness through improved production technology as trends in
volumes and price of imported wheat indecate that price are tend-
ing to decline.

Consumer testing., over 80% of the consumers liked composite flour
and 15 % preferred it is to the plain wheat bread. (In a panel of
200 families from 5 neighbourhoods in Bogota-Colombia).

©



II. CASSAVA UTILIZATION PROGRAMM - SURIF, INDONESIA
1. Fresh cassava for human consumption ( 198Q-1985 )

Generally, the farmers in Indonesia are the planting and harvest-
ing times almost together to result over and resulted over the
fresh cassava production and cheap the price. Fresh cassava can

be deteriored 3 - 5 days if not conducted processing. Some the
farmers were storage the fresh cassava with the purning system (
not harvesting to wait higher the price). Harvesting more the

optimum plant age is decrease the quality of fresh cassava (

Grace, 1877).

Based the research result of the fresh cassava storage in SURIF,
so the storage thecnology was proposed with "the curing method".
Curing is a process the densing of parenchyme by effect high tem-
perature (402¢) and humidity (80%), especially on trace of in-

Jury.
The storage media is used the dried rice stal and the rice husk

becouse they are produced in the rural and as a waste from the
rice milling (Figure 10 and 11).

Fresh cassava Soil (10-15cm)

The base of dried rice stal _ — The closed of dried rice stal
I .

Drainage Surface of soil

Figur 10. Fresh cassava storage with the dried rice stal or
the dried grass

T e =

-
e ,_-,,..—”

- : humidity rice husk

e P
(18% of root weigh)

Figure 11. Fresh cassava storage with the humidity rice husk
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The lose and demaged of the fresh cassava stored are treated the
humidity rice husk lower than not the humidity rice husk (Figure
12). Marketing of the fresh cassava is saled to the local market
or the pellet ,/ tapioca manufactory (Figur 13).

EO:‘ ) 93
) ,,i A1=Unricehusk o A e
Egm.'A ;‘ﬁﬂTrﬂElmd(f' Egm .wViné$3hx
g 2 T . o Tolp o= 02410
&} ) . - _0"5‘ ¥
g o B . .
o .0_40 Ar}
B ‘gn e e 8
:._;lj r » s ; é{ Y = 0.5 - 0,41'X
. V. . " " 2 lp = 0.6201
/ A @ AV - .0 A Ly y
2 5] 0 X 0 w0 . T L.t o 0 w0 @ 0
Storage times (days) Storage times (days)

Figure 12. Losses and demage fresh cassava during stored
(Suismono and Yetty, 1985)

Market Manutfactory otf
Tapioca/Pellet
______ . —_______""T"-'—""“
Wholesaler
_T ————————— —

Figure 13. Marketing syvstem of fresh cassava in Lampung
(Suismono, Antarlina and Barret, 1984)

2. Cassava flour for human consumption ( 1989 - 1991 )

In Indonesia the farmer level had been processed fresh cassava
- became dry cassava ( gaplek ) and cassava flour ( gaplek flour )
with the traditional system for food product the name "Tiwul" and
"Gaplek bead" some vears ago. This process is not developed be-
couse with the traditional processing, the gaplek size is very
large ( only peeled and drying process ) and traditional milling
with stone or wood materials, consegquence the capacity and
.guality pruduct lower.
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Until 1986, using the cassava in Indonesia were B84.4 % from total
production (13.3 million tons) for the fresh cassava and dried
cassava (gaplek) consumption, 9,2% exported forms gaplek, chip or
pellet to EEC-Euope. 6.3% for tapioca industry and 6.5% for the
food industry (CBS, 1988). Production of cassava in 1988 was
15.5 million tons and exported gaplek to EEC-Europe 1,085 million
tons and quota of export to EEC 825,000 tons so 240,000 tons
(Over products) or to reach " Level-off"(Damardjati et al. 1990).

The goverment policies were the cassava flour production and used
for food products. SURIF had indiced by Central Research In-
stitute fo Food Crops (CRIFC)-Bogor and Departement of Aruculture
of Indonesia to conduct the Pilot Plant of cassava flour Agro-
inductry in central of the cassava production.

Central of cassava production in Indonesia are five provinces, to
include as East Java (3,428,574 tons), Central Java (3,489,763
tons), West Java (1,921,842 tons), Lampung (1,951,410 tons). NTT
(811,379 tons), D.I Ygvakarta (705,322 tons) and South Sumatra
(437,578 tons) in 1988 (Madethen. 1988).

Location of Pilot plan of cassava processing program-SURIF, West
Java Indonesia were in three provinces include as Karangjoho-
Purbalingga Central Java, Jarisrono-Wonogiri Central Java ( near
D.I Yogyakarta ) and Badegan-Ponorogo East Java. Scale up of the
cassava flour processing is in SURIF - Sukamandi, West Java.

Activety of the Pilot plan of cassava flour Agro-industry SURIF

includes

1). The scale up research of cassava flour processing (1989-1930)
capacity 1-2 tons/day, in SURIF, Sukamandi West Java

2). The applvcation Pilot plan of cassava flour agro-industry
(1991-1992) in Central Java, D.1 Yogvakarta and East Java.

Orienting of pilot plan are the cassava flour agro-industry in
the rural and objective is the added value of the farmer income
with the cassava flour processing. The field operational is
handled by Team involve SURIF (Coordinate) the Postharvest Groups
(Institutions from Agriculture, Cooperative and Industry OQOffice)
and the Region Header. Some alternatives in the Pilot plan of
cassava flour is wused into the operational in rural level
(Damardjati et al, 1990 and Damardjati et al, 1991) (Figure 14).

Design of the ©processing eguipment is the Mechanic Kesearch

Groups-SURIF. Steps of processing for scale up the cassava
processing were selection and shorting, pelling and wasing, soak-
ing, chipping, pressing, drying (sun drying of rack system),

milling and packing (Figure 15 and 16).
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Figure 14 Rural cassava post harvest system in cassava [lour production

Farmer Proccssor Miiling
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Figure 16; Processing system of cassava flour

production in Indonesia
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Products Steps of Extention
processing
FRESH Cmm Raw material -The opt.plant age (8-10 months)
CASSAVA H -Harvesting system
| -Handling after harvesting or towed
' -Storage syvstem of fresh cassava
v

FRESH ROOTS <-- Peeling -Dificulty the peeling dependent on
OF PEELED A variety
b -Capacity and times dependent the
SKIN <-———eneom——— = capabilitv. species and payv system
' of labours
v
Washing/ -The wasing and socaking times
Soaking -Kinds of water
; -Soaking can avoid the brown and
' hblue colours
v
WET CASSAVA <-- Chipping -The kind and capacity chipper
CHIP : -Size of cassava chip
H -Labour and paying system
v
PRESS CASSAVA<-- Pressing -Capacity and pressing system
CHIP OF WET i -Capabilitv of labour
1 I
STARCH and WATER—- |
1
v
Drving -Capacity and dense of sun drying
| -Sum of returned, times and laver
! of sun drving
! -Moisture content and storage of
! dried cassava
v
CASSAVA FLOUR <--Milling -The milling svstem and capacity
i -Moisture content and size (mesh)
: of cassava flour
v
Packaging -Kind, sum weigh/bags and storage

of cassva flour

Figure 15. ZScale up of cassava flour processing in SURIF-
West Java, Indonesia (March,1991)

Recovery of the cassava products after processing are showed
22.81 % for dried cassava and 22.30 % for cassava flour (Table
B} With the recovery of cassava flour 22.3% and the raw
materials 2.4 ton fresh cassava so the yvield cassava flour are
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537.6 kg. If the generally price of cassava flour Rp.450,-/ke
and cassava flour Rp.50,-/kg (Table 7)., so profitability is ap-
proximately Rp.42,170.- per 2.4 tons.

Table 6. Recovery of the scale up of cassava processing in
SURIF, Indonesia (March, 1991)

Benzoat 0.2% Sulfit 0.2% Water Total %l

Fresh cassava 1147 .8 231.6 47 2428

Fresh cass. of peeled 823.5 884 .2 34 17¢2 71.79
Wet cass.of press EB3.5 643.3 32 1339 55.18
Dried cassava 296.3 238.2 19 Hhd Z2.81
Cassava flour 294 .0 230.0 il g 541 22.30
Peel 324.0 347 .4 13 584 28.20
Water from press 180.0 240.9 2 603 16.60
Starch/tapioca - - - 62 #.5b

Source :Anonimous, 1991.

Table 7. Labour, times and processing cost during the scale up
of cassava processing (2.4 tons fresh cassava capacity)

Activities Labour Times Cost

per day { hours) (Rp.)
Peeling 25 (w) 10 20,000, -
Washing and soaking 2 (m) 10 5,000, -
Chipping and pressing 14 (m) a8 27.000, -
Sun drying 10 (m) 8 14,750,-
Milling and packing 5 (m) a8 13.000,-
Total 79,750, -

(w)-women, (m)-man; (US$ 1=Rp.1950.- in 1991)
Source : Anonimous, 1991

Evaluation of the cassava flour pilot plant in 4 province will be
roported on December, 1991.

CUNLUCIONS

1. Land use areas for the cassava planting by some farmers in In
donesia is =mall areas than the farmers in Colombia larger
areas. Then CIAT used the equipment of machine and product
capacity larger than in ESURIF.
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2. Quality product, the form and size of cassava chip in
CIAT/Colombia lareer than cassava chip in SURIF, but the
colour of cassava flour in SURIF more white. Dried cassava the
CIAT product is still contain peel becouse is not the peeling
and pressing process.

3. Orientation of the product for food and teed consumption are
only in Colombia and in Indonesia the dried cassava and cas
sava flour for human consumption and export to EEC-Europe.
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SECTION 4.

STUDY OF ANALYSIS METHOD FOR CASSAVA ROOTS
AT CIAT - COLOMBIA
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STUDY OF ANALYSIS METHODS FOR CASSAVA ROOTS A'l' CIAT-COLOMBIA *
SUISMONO *x
INTRODUCT LION
Cassava plant involve leaves, steams, old stalks and roots. They
are contain chemical composition as ﬁoisture content, the cyanide
components (total and free cyanide contents., linamarin content),
the carbohydrate components (starch. amylose, total and reduce

sugar contents), protein. fat, fiber and ash contents.

Products of cassava root are fresh and dry cassava roots, cassava
starch, cassava flours and food products. Parts of fresg and dry
cassava roots are peel and parenchyma and the flour products are
cassava flours and by-products which contains peel and cord (vasos
del xilema v fibras-spanish). The changes of phisyco-chemical have
been affect of cooking guality of food products. During in CIAT
(Centro Internacional de Agricultura Tropical) Cali-Colombia from
June-December 1991 had study of analysis methods for cassava root
involve all analysis of chemical composition andlcooking qualityv as

above.

I. Analyvsis of Cyvanide components (linamarase activity, total and

free cyanide contents).

* PReport in visiting Reseacher-Cassava utilization of CIAT Program
June 20 - December 20. 1991. Cali-Colombia.

**% Staff of Researcher from Surif (Sukamandi Research Institute for
Food Crors/ - West Java Indonesia.



flash and diluted 100 times in 0.1M buffer phosphate pH 6.0 (a
solution 2.5 ug/ml).
Linamarase assays
Preparation of linamarase from cassava.
Acid cassava peel (150gr) is homogenized in a blender in 250 ml
buffer acetate pH 5.5 during 1 minute and then store in freezer
1 minute and homogenizer again 1 minute (duplo).
Filter with a clotse on the low temperature (use icebath).
The solution is centrifuged ét 8.500 rpm for 30 minutes and
temperature 4°C and supernatant measured the final volume.
Precipited the enzyme with ammonium sulfate, used 390 gr/1
solution. Mixing and giving ammonium sulphat with slowly and

the temperature have to low in a icebath (+ 2 hours) and then

stored at 4=C overnight.

Centrifuge a 8.500 rpm, 1 hour at 4°=C.

To dealyse enzvme solution during 3 days and used buffer
phosphate 0.1M pH 6.0 (every dav. buffer phosphate changed).
(The enzym solution should be stored at 10°C and maintains

it’s activity for 2 to 3 months).

Determination of linamarase activity

Linamarase solution diluted 10.000 times (Fd = 10.000): Take
0.1ml of concentrate enzyme and dilute until 10 ml with buffer
rhosphate 0.1M pH 6.0. Take of first dilution 1 ml and complets
until 10 ml with buffer phosphate 0.1M pH 6.0. Take of second

dilution 1 ml and complets until 10 ml with buffer phospahate

B:1 M pH 5.0.



- Add 0.1 ml dilute enzyme in 0.5 ml linamarin 5mM solution with
quickly. closed and share.

= Incubation the enzyvme solution 30 minutes at 30<C.

- Add 0.6ML NaOH 0.2M, 2.8 ml buffer phosphate 0.1 ml pH 6 and
0.2 ml chloramine-T and share.

- Put the tubes in ice bath during 3 minutes.

=~ Add 0.8 ml phyridine and share, wait 1 hour and read at 620nm.

UE/ML = Abs.sample (ugr HCN) x F.d. =X

0.1ml x 810ug HCN/UE

UE Units enzyme (sample solution contains 3 UE/ml)

Fd = Factor of dilution. Abs = absorbance

1 unit of enzyme (UE) = X ml (1 + y)ml

3
(1 ml concentrate linamarase + y ml buffer
phosphate 0.1 M pH 6.0).

C. Assays of total and free cyanide

a. Preparation of samples

- Sample of flour (10gr) or peel (10 gr) or parenchyma (60gr)
add 150ml orthophosphoric acid contain 2.5% (v/v) ethanol.

- Homogenized with the blender during 1 minute at home
‘temperature wait 1 minute and then repeat again during 1
minute.

- To filter with fibre glass, whatman paper GF/A (¢ 15cm/used

buchner funnel with vacum pump at 8.5 atm. and assay of the

filtrate volume.

b. Determination of free cvanide

- Aliguot (=sample exltract) 0.1 ml are pipetted in test tuber.



Add 0,4m]l buffer phosphate 0.1 M pH 4.0 and 0.6 ml NaOH 0.2M,
closed and share.

Put the cover and wait 5 minutes

Add 2.9 ml buffer vhosphate 0.1M pHG and 0.2 ml chloramine-T
and share

Put the tubes in a icebatch during 3 minutes (30eC).

Add 0.8 ml pyridine and share.

Wait 1 hour and read at 620 nm (made the blank and standard

solution).

Determination of total cyanide

Aligquot (sample extract) 0.1ml are pipetted in test tubes.
Add 0.4ml buffer phosphate 0.1M pH 7.0, closed and share.
Put the cover and add 0.1ml enzyme solution closed. “

Made incubation at 30°C during 15 minutes and

Stop the reaction with 0.6ml NaOH 0.2 M

Add 2,8 ml buffer phosphate 0.1M pH 6.0 and 0.2 ml chloramine-T
and share

Put the tubes in icebatch during 3 minutes (30eC)

Add 0.8 ml pyridine and share

Wait 1 hour and read at 620 nm (made the blank and standard

solution).

CN (ppm)= Abs. sample [ugr/STD] x  F.d x Vol. extract

Abs. Std Vol.aliquot weight sample




II

Analysis of carbohvdrate components

(Amylose, total and reduce sugar and starch contents in cassava

roots).

Assay of amylose content:

Preparation

Fresh cassava roots processed on the day of harvest.

The slein and skin are rind, the tubes are washed free of
dust and external particles and acid into small pieces.

The tissue is homogenized in the blender with add the
distillate water.

The suspension is {filtered through cheese cloth and mix with
the hand.

Repeated addition of water and mix with the hand.

The starch granules mayv be allowed to settle by keeping them
undisturbed in the cold, decanting the supernatant and
resuspending the cake starch in a fresh gquantity of water which
is them allowed to settle again.

The cake starch is washed with distillate water and over-dried

at a low temperature of 40 to 50eC.

Reagents

1. Ethanol 84%

2 NaOH 0. 1M

3. Acetic acid 0.1M
4

o

lodine solution 2%



Determination of amylose

Weight 0.1lgr of sample in volumetric flash (100 ml) and add
1.0 ml ethanol and 9.0ml NaOH 0.1 M and share.

To leave the sample 24 hour

To complete at 100 ml with distillate water.

Take 5ml of the above solution in other volumetric flash
(100ml) and add 50ml the distillate water and share.

Add 1.0 ml of acetic acid 0.1 M and 2.0ml of Iodine solution
2%.

To complete at 100ml with distillate water and to share in
the dark place at room temperature during 20 minutes

Read on spectrophotometer 620 nm (made the blank and

standard solution).

Assay of total and reduce contents

a.

4V]

& W

Reagent:

Ethanol 85 %

HCL 0.1 N

Indicator phenoptalain 1% and NaCOs solution

Alkali copper solution:

Rochelle salt (kalium Natrium tatrat tetrahidrat) 12 gr and
anhydro NaCOz (24 gr) are dissolved in about 250ml of
water. A solution for 4 gr of cupric sulphate pentahvdrate
in water is added with stirring, followed by 16 gr of
sodium hydrogen carbonate. A solution of 180 gr of anhydro
Na504 in 500 ml of water is boilded to expel air. The

solution are then combined and diluted to 1 litre. After



allowing to stand for two days, the clear supernatant is

used.

Molibdate arceto solution:

To 25gr of ammonium molybdate in 450 ml of water add 21 ml
of concentrate sulfaric acid, followed by 3 g of disodium
hydrogen arsenate heptahydrate dissolved in 2 ml of water.
Incubate the mixed solution for 24 hogrs at 379C and store

in glass stoppered brown bottle.

Glucose solution for standard:

120 mgr glucose in 100ml of distillate water.

Preparation:

- Weight 2 gr sample of cassava flour.

- Extracted with 150 ml ethanol 85 % at the extractor
equipment during 3.5 hour.

- Evaporation of ethanol until 80ml and added 80 ml the
distillate water.'repeat the evaporation process of
ethanol.

- Put the filtrate and to complete 200 ml with

distillate water and share (aliquot sample).

Determination of total sugar content.
Pipet 0.5 ml aliquot sample, standard solution and
blank in test tubes 50 ml.

Added 2 ml the destillate water and share



= Added 2 ml the destillate water and share

3. Added 1ml HCL 0.1N and heated at waterbath and closed
on high temperature (+100C) during 7 minutes and put
the tubers in ice batch 1-2 minutes (302C)

4. To give indicator 1 drop phenoptalain 1% and two drops
NaCOa solution and share.

5. Added 2 ml copper solution, share and heated at
waterbath and closed on high temperature (+100oC)
during 13 minutes and put the tuber in icebatch 1-2
minutes (30=C).

6. Added 1 ml molibdate arseto solution and share.

7. Complete of volume 50 ml with destillated water and

read on spectophometer < 520.

d. Determination of reduce sugar contents

— The procedure is simillary the steps ad ¢.1,2,5.6 and 7 (not

step 3 and 4).

const. sample pgr x F.d x 10-% x 100
Red. Const. STD STD

% Sugar = Red.

fd = factor dillution

C. Assay of starch content
Reagents:

1. Buffer vhosphato ZM wH = 4.8:

164 gr CHaCOONa added 800 ml the distillate water.



Assay pH 4,8 with pH-meter and stop reaction with CHasCOOH

(Acetic acid glacial).

Buffer triphosphat pH = 7.0

36.3gr Trisma added 51.468 gr NaHzPO4 and 900 ml the distillate
water. Assay pH 7.0 with pH-meter and stop reaction with
HzPO4. The complete volume is 1000ml with distillate water on

volumetric flash 1000ml and stored on refrigerator 4°=C.

Enzym solution of amyloglucosidase 0.15%:
0.0188gr amyvloglucosidase in 12.5ml Hz0 and closed with

aluminum foil or darlk glass.

Solution of indicator enzym:

0.07 gr GOD (glucose oxidase), 0.0021gr POD (Peroxidose) and
0.035 gr 2,2 Azino-Bis (3-ethyl-benz-theosoline-6-sulfonic acid
mixed on beaker-glass 100ml and added 70 ml buffer phosphat-Na

pH 7.0 closed with aluminum foil and share.

Standard solution of glucose:

0,12 mg glucose standard in 100ml the destillate water.
Preparation of samples

- Weight 0.25 gr sample from sugar analysis and glucose

standard at erlenmeyer 50 ml.



Added 50 ml the distillate water and O0.1lml enzyme solution
of a amylose and share.

To heat at waterbatch 90°C during 1 hour.

To filter with the whatman paper (GF/A, no.l) and wash with
the distillate water and the volume completed 100ml at
volumetric flash 100ml.

Sampling is the sample extract (aliquot) 0.2 ml at the
tubers and add 9.8 ml the distillate water, share and store

at the refrigerator (4=C) overnight.

b. Determination of starch

- 1ml the sample extract (aligquot) standard solution of glucose
at each concentrate and blank added 2 ml the distillate water
and 2 ml the solution of indicator enzymes, share ;nd to
store in the dark place at room temperature during 30
minutes.

- To read absorbance at spectrofotometer 560nm.

% Starch=Abs.sample [ugr/STD]x F.d »x 10-8 x 0.9 x 100

Abs.Standar Weight sample

) ¥ i

Determination of ash

Weight crisol (a)

Weight. the sample of flour 0.5 gr (b)

Put the crisol with the sample in the muffle during 2
hours at 600<C.

The crisol with the =sample to place in the desicator 15

minutes.



IV.

Weight crisol and the sample dry (c)

% Ash content = c—a x 100
b

Determination of fat

Weight the beaker glass (a)

Weight the sample 1 gr in the thimbles to place in the
equipmentrof extraction (b)

The beaker glass and added the eter ether (40ml) connect
the water at low temperature during 8 hours.

Weight beaker glass day after extraction (c)

% fat content = _c—-a_ =x 100
e

Determination of crude fiber

The sample from fat extraction to place in special beaker
(Berzeline).

Add 200 ml H2S804 0,25N made the hydrolisis 30 minutes.
Add 9 ml NaOH 7M. made the hydrolisis 30 minutes

Weight the criscol (a)

Fiber glass crisol used vacum pump and wash with the hot
water and then wash ethanol latelly.

To plag crisol in oven at 1052C during overnight

To place in desicator and weight (a)



- Put the crisol in a muffle at 100°2C during 3 hours and to in

desicato and weipht (b).

% crude fiber content = Weight ecrisol + ash - weigh crisol x 100

Vi.

weight + sample

% crude fibre = b x 100

O|w
mli

Assay of protein content

A. Reagent

- Katalimtor reagent is the mixing of CuSO4 and NazS04 y
(1:3)

- HzS504

- Indicator phenoptalain

- NaOH

- «Borie aecid (HaBOs)

- HCL 0.02N

B. Preparation

- Weight C-l g at the flour sample and added 1.5 g of the
mixing of CuSO4 and Naz2S0O4 and added 3.5 ml H2SOa4.

- Then distruction process with the Tecator of digestion
syvstem 400°C minutes and wait 15 minutes room temperature

- Added indicator phenoptalain 1 ml and the distillate with

30ml (sample solution).



e The analysis times of the fresh cassava roots should be
processed preferably on the dav of harvest.
DETERMINATION OF SPECIFIC GRAVITY
- Fresh cassava roots are cleaned free of dirty (so0il and root
stalks and weight approximatelly 3 gr (a)
- Weight cassava roots in the water which to connect with the

balance. (b)

Specific gravity = __a
a-b

- To see the table for the determination of moisture content
and starch content of fresh cassava roots.
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Determination of protein: (Using is the equipment of
Kieltect).
NaOH solution is conected with kjeltect
The start of egquipment at the symbol "on"
To set the symbol alkali (number "1") and the time number
3.
The tubes of sample (sample solution) and the erlenmeyer
contain 10ml HaHOz prepared at the Kjeltect equipment.
Using the water circulation to the condensation process
To close the tuber and symbol "Start'" of distillation process
during 3 minutes and stop with automatic and erlemever to the

filtration.

Assayv the volume of HCL 0.02N in titrasi.

SAMPLING METHOD AND PARAMETER ASSAY IN THE FIELD

For a plot of each replication is contain 2568 plants with
size 1lm x 1lm between the plant.

Two lines from the border is the =zampling area (Figure 1)
At the sampling area are harvest fifteen the plants with
randows sampling.

Assay of the field parameters is weight of leaves., steams
and old stélks. and the sum and weight root of commercials,
non commercials and demaged.

The commercials roots in the paper or gunny bags are bring
to the laboratorv used for the components analysis of cassava

roots.
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