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The work study at the Cassava Pr-oc eas i ng De--onat r-at.Lon Unit

was carried out on the gari production Li.ne under the norr-al, daily

operating conditions of the p.Lant , A critical look was taken at

the method of peeLi.ng and how to IT'onitor it in order to cope v••i th

the grating rates of the existing two graters which vary greatly

in their Capacities. 1.Jith the sufficient fermentation period of

36hrs a hydraulic press and manual press were co~pared followed

by the disintegration of the dough to enhance easy sieving. The

critical moisture content of the dough before roasting which was

found to be ~~&resulted in aChieving the desire able texture.

The average particle size of the graded gBri \4aS O.61mmand the

packaging rate was 183 ssche ta of 600g weight per hour , The

overall percentage recovery, based on the·raw cassava tG> the fini-

shed product, vee found out to be 28oo05j.



I N T ROD U C T ION

Cassava is one of the most important and widely consumed root crops
in Ghana whi.chcan be pr+ce ased into ';if.C'erentproducts in order to im-
prove upon its storage life.

Cassava cultivars may generally be grouped into the bitter and sweet
varieties. The bitter varieties contain more t.han 50rog of hydrocyanic
acids per Kg fresh root Hhilst the SHeet varieties contain less than 50mg
of the poisonons compound per Kg of fresh root. Cultivars grown in Ghana
are almost inve.rieble of the sweet type.

Due to the nature of the caaaava tuber it T"Iaybe successfully stored
permanently by processing into storable forms. Other advantages of plac-
ing importcnce on Cassava processing is that it may enhance the introduc-
tion of new products end encourage agro-based industries. Sor-e of the
most important " a cassava products in Ghana are gari, instAnt
fufu powder, kokonte and CpssaVa dough flour.

Traditional processing of cassava into gari involves peeling end
grating of the Cf1ssaVa fo1.lowedby spontflneous fermentation which occurs
during the pr-o Longed dowat.er-i ng of the grated maf>h. The fer11"entedpressed
dough is then reduced into 0 granular form sieved and roasted. Roasting
gelatinizes e~d dehydrates the grains. The product is allowed to cool
end sieved to remove large Lun-ps nr"0 iY"'!Jrovcupon its appear-anc e,

The drugery and he alth hezer6G p.s:::;oc:"oted "lith thetradi tional method
of gari making has led to the study of the various unit operations of
gari production by researchers from the Food Research In~titute and Indus-
trial Research Institute with the vi.ewto upgrading the traditional
technology.

The knowledge gain has formed the basis for the establishment of a
Cassava Processing De~onstration Unit by the above named institutions of
Council for Scientific and Industrial Research (C SIR), in a joint effort
with the AfriCan Regional Centre for Technology (A R C T) based in Dakar,
Senegal. The primary objective of the project is to use the Cassava pro-
cessing Derr.onstrationUnit as a training and de~onstration unit for train-
ing traditional gari makers, policy ~ekers and enterpreneurs i11"proved
methods ~ C~Va proc~jng_ Even though the unit has the design of an
industrial pl.arrt in scope of acti.vi,ties, market orientation of product and

---/2
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plant needs, the significant training Component in plant activities

limit the plant's commercial objectives and operations.

\lork studies are carried out on processing plants to enable person~

nel in charge assess and i~prove upon their production efficiencies. It

also enables personnel to maximise their operations under s t.endar-di.sed

working conditionsG..
This work study was carried out to ~onitor and assess the various

uni ts oper:ations c,:1dthe general operations of the plant installed at

the Demonst:r2tion I'rri,t arid also to make recoJ'l1J'!1endntionas to how to

2c:1ieve a targeted proriuction daily output of over 400Kg of gari.

This etudy de~ls with the mAterial balances and capacities of the

various unit operations as well as the n<lture of the feed and product

to and frOm each unit operation' 2' tL .. ~'rocessing line.



MATERIALS fJ'!D l'J::J.'HODS

With the existing equipment layout nnd the equip~ent at the cassava
processing plant the work study vias car r-i.ed out under no!'tl1aloperating
and working conditions. Gari is produced at the plant through the unit
processes as described below.

PEELING

Fresh cassava waS weighed and peeled manually. The peeling rate
was obtained by deterw i.rri ng the time tsken to peel 40kg of caaaav a and
the number of personnel involved in peeling. Successive peeling rates
were determined and the average peeling rate worked out. Sal""plesof
peeled Cassava were tDken to determine the moisture content.

The peeled C&SSaV8 was then washed in clean water to get rid of any
dirt. The wash'i.ng was done mcmu2}.ly w i, t.h the water being changed
periodically •

GRATING

Gratiag was carried out to reduce the Cassava into a wet granular
from. 1""'0 different graters were used nn:l their capacities cOl""pared.
These were a Disc Grater and a Drum Grater.

The disc grater consists essentially of a horizontal grating disc
fixed to a vertical shaft which is located centrally to 'the bottOm of
the outer ring. J..n inner ring sits above the grating disc "ri th a be:!:'

welded across it to serve as a trap for the cassava when fed unto the
rotating disc. The grated material passes through an adjustable clea-

. .
rrnce be tween the inner ring and the grating disc into a chute f'or'

collection. The grater is oper-at ed by a 5 horse power (Hp) .rS.7K~it

electric motor

The drum grater consists of a hopper and a drum driven by B. 7.5Hp
(5.6KW) induction motor~ Peeled Cessava fed into the grater is pushed
against the rotating drum to effect grating. The drum is a solid ~etal
with milled rasp teeth and rotates at 700rpm.

48kg of the peeled Casseva WAS we i rthed and fed into the grater in
either case and the time taken tr, grpte the material determined. Sam-
ples of grated caseava from each g:~r+;; ~ vre re taken and their T"oisture
cont~nts F.lndaverl'!geparticle size de:ternoined. The total weight of each
grated moterial .as.well .88 i.ts tel""pereture' ·~ealso determined.



FERMENTAT10N
4 1*

Fermentation is necessary fc.' luction of lactic and other

organic acids res well as aldehydes ~"l ,?sters fill of \.,thich give gari its

characteristic flavour. Fer--ent at i on ;,1.30 enhances the hydrolysis of the

poisonous cyani,c cor-pound present in tho Cnssava.

The grated CaSSAvawere packed in SElcks and placed in a ferl"lentation

trough end allowed to undergo sporrt aneous ferynentntion for 36 hours.

IJeight before and After fermentation wer-e deterynined and samples were

taken to determine the moisture content. There were no analyses of the

organic t:cids) aldehydes and esters produced.

PRE,sSING

PressinG is carried out to reduce the ynoisture level of the ferynented

c aaaavz, doughs making it possible to roast the product.

r...ro types of presses were uae d, They Are the hydraulic press and

manual press.

The hydroulic press hl"s a base on which sits a perforoted metallic

box \.,rith e lid in whi ch the yn~terif.11to be pressed is placed. By crank-

ing the hydraulic bars up flnd dO'TU"'reS,'3ureis exerted on the ynateriel

via a pressure plate attached to t: '" yo·'" the upper part of the press.

The hydr£'.ulic press has 8 pr-o ssurc \o,f~ichindicates the ope r-at ing

pressure.

The manut:\l press comprises a J:1otrlJic box that sits on the bese of

the press. \vith the aid of 8. screw rods pressure is exerted on the mate-

rial in the pressure box. There are 3 of these manual presses At the

Cassava Proceaai.ng Der-ons'tz-at i.on Unit.

37.1kg and 20kgl respectively of the fer1"lented CaSSAvadough were

packed in a polypropylene sacka and placed in the metallic box of hyd-

rpulic and manual presses and pressed to dewater the l"lAterial.. The time

t aken to press the material as well as the finel wei ght.s we re de t er+d.ned ,

The moisture contents before and after pressing were Also deter~ined.

DISINTIDRf.TION

The Compactness of the pressed dough is such thRt it always needs to

be disintecreted end sieved before it cen be roasted.

The disintegreter is eRsenti8lly a rotor with spikes on. It is run

by ~ 1.1KW electric ynotor•
••

29.6kg of the pressed ferl"'ented cpssaVA ~ou~h was fed to the disinte-

groter through e, hopper »nd the tir"1e tp2'on to disinte~rate the material
noted.



SIWING

r-

Fibrous materi[11 in f'e rmerrt e c' c r BE "'V,., dough is traditionally removed

before roasting.

The sieve is a wire mesh mould .:.:to 1'\ cylinrlrical shape whi.ch is

turned mCJ'lually with the aid of a whe eI, e ':tached to one of the ends of

the siever.

Through a heoper 2703kg of the fermented cassava dou~h was fed into

the siever and turned. The nur-be r of turns and the \o/ei~ht after sieving

were deterrrined as well as the time for sieving. The particle size of the

sieved fermented c asaava doup;hwas Also determined.

ROASTING

Roasting is cvrried out primarily to cook the material. It results

in a crispy, puletGble and storab18 eaa 9~ product.

Two different types of roasters were used; a trnditional roasting

pan and 2 large ropsting pans rectangular in shape and of the following

dia:,,)ension94411 X Lroo2511 X 4.5". Both the troditional and large r-oasti ng

pans are used on inpr01'ed s tove s with chimneys using firewood as fuel.

Smoke produced is rer:,o"l/0dthrough the chimneys making roasting more COm-

fortable and less haz.ar'doua..

In addition to these the un;-'- 'r2 ~'-so developed a 11"echanicnl roas-

ter. But this was undergoing JT'or1J,L'"~" .~,' 'm works at the time of the atudy ,

27.7kg of the ferrrented Cassava ,~:'ui;hwas weighed and poured into

the roasting pan. The ti11"etaken to r02st the materiales ",.:11 as the

final weight and r,',oisture content of the product were determined.

GRADING

Gari frOm the roaster is grAded to Require produetof uniform parti-

cle size.

The grader eorrprises a vibr~ting sieve on which the product is poured

and sieved. It is run by a 4.1K\J motor.

The gari was wei ghed and poured onto the roesh for grC'.ding. TwogrClded

products of different particle size range were collected. The time for

grading ",as deterrrined as well as the weight and the particle size of the

various products.
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MILLING

The large lumps from the gr~der were ~illed to the required parti-
cle size using an attrition ~ill.

Weight before and ~fter ~illing were ",easured as well as the pF:\rJ
:·

size.

PICK AGING

The greded gari of the required particle size was then packAged
into polyethylene bags.

600g of gari wa.poured ",anually into each bag and se~led. Time
for packasing 19?2kg of gari was deter~ined.

All the experiments were carried out in triplicates.



-'7 -

RESULTS--.~.-----

On each of the units or equipment the experiment was triplicated
and the average Was Q~~~ined ~nd used to represent that pArameter.

Peeltng

Uppeeled Cassava
Weight
~oi5ture content = liOkg

62.4%
MANUAL PEELING I-Jeight =

~oisture content =
Peeled Cessav&

Cassava Peels
\veight = 11.5kg

Recovery = 71.25%
Peeling rate = 47kg/l~anhr

It took 8 persons 7Tl"insto per ". 40kg of Caasava, It yielded
28.5kg of peeled CaSSavco.and 11.5k;~ "f " ....•saava peels. The moi5tu~ content
of the cassava was determined to be 62.4%; and the percentage recovery
was 71.25%.

The peeling rate depends on the size of the C~ssavo as well as
the period through which the peeling is done. Smaller tubers have
got larger surface are? per unit volume than bigger tubers of same
weight hence the bigger ones have got f?ster peeling rates than smaller
ones. Also by sitting down for long tiMe the peelere become tired and
their ~lillg rete .decNaee•. 'Percentage recovery also depends on the
size of the tubers; peeling small tubers takes Tl"oreof the cassava
alongside with the peels than bi~ger tubers.

Grating

.'Reeled Cassava
Weight = 47.6kg
~oisture content = 62.4%

DISC GRATER Grated Cassava
Weight OK

~oisture content

Motor Power = 3.7KW
Recovery = 96.~~
Grating Capacity 190kg/hr
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Weight
~oisture content =

48.4kg
62.4~b

DRU11 GRATER Grated Cassavapee led Cassava
Weight
~oisture content =

!-,otorpower ::: 5.6K\:J

Pwecentage recovery = 97.31%
GrCltinc;cap&ci ty = 544kg/hr

The disc grater and drum grl"ter tonk 15 minutes and 6 minutes! res-
pectively, to grate 48kg of peeled cassava; with respective percentnge
recovery rates of 96.64$~ and 97.3%. The moisture content of the grated
cassava was found to be 619b

The average particle size of the grated Cassa~a using disc grater
waS O.78mm in the range of 20mesh to ~esh (O.B4mm to O~419mm); and
that of the drum grater with milled rasp teeth was o.76tmn in the range
of 30mesh to 4of'leshCO.84mm to O.419Jl'1m)~ The detailed dat~ on the par-
ticle size is presented in appendix 1. In order to get particle size
of grated Ce$saV~ within the required range usinp, the drum grater the
cassava had to be f,rated twice. Despite having to grate the ~aterial
twice its cepacity was ne?rly three times that of the dis6 gret~r. The
difference in th~ r,rBtinr,capacities f'lAYbe due to the fact that no
additiontU force other th~n grAvity is exerted for the ?ccqynplishment G_

the gre,ting in the disc grater whereas caaaava is T!lanually:pushed agn-Ll":
the rotating abreisvie drum in the drum grater using a preas.i ag bLock,

The differences in weights be f'or-e rend ..-,f"t;C'r gr;1ting was due to spt llr-:

of some of the exudate and the r-eterr'ri In of a little grated f'laterialLr

the graters.

Fermentation

Weight = 46.0kg
iAoisture content = 61%

FERt'"lJ'l'A1'1 ON
TROUGH

F~r~ented Casseva Dough
\Jeight - 38.5kg
Moisture content = 55.97~

Grated Cassava

Percentage recovery = 83.7i~

46kg of grated CesseVa was alloYled to undergo spontaneous fermente-
tion for 36 hrs. The weight after ferf'lentetionW[lS found to be 38.5kgj
the decre ase in weight Waf: due to reT"oval of exudate during fermenttltion
caused by the weight of the dough. The moisture content of the f'e r-nent.ed
dough was dete~ined to be 55.~~, and the percentage recovery waS 83.7%~
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There Was decreese in ,."eig~1t }] -Jw dourrh duringferr.-entation due
to the loss of some exudate fro~ thE h~~ted ~~terial. The exudate con-
tains starch and w?ter. During fe rmen tot i.on- the toxicity of thE'>dough
was reduced and ~ charecteristic flavour deTeloped~ During ferTTl€ntetionl
the bacteria, corynebecteriurr.TTlanihotproduces lactic Bnd for~ic acids
from starch reducinc the pH, thus TTlakingit possible for 8 fungus
Geotrichurn candida to gro1rJand produce the aldehydes C'ndesters which
give the dough a characteristic flavour. The increesed Bcidity also
allows an enzyme, 1inamarase , to hydrolyse the poisonous glucosides int
gaseous hydrogen cyanide, which is liberated thus detoxifyin~ the dougho
Thus the fermentation period should be enourh for these activities to
take place.

PressillR

Fermented Cassava dough HYDRAULIC
PRESS

Pressed Fermented Cassava doug~
\.Jeight = 2ge5kg
}"oisture content = 4400j~

Weight - 37.1kg
~oisture = 55047~

Percentage r-ecove ry : 79.6;<
PressinG Capacity = 1 11.·3kg/hr
Force = 12tons for 20 l'rllnS

t. Force = 12tons (pressure guage re adang) for 20TTlins=
= 118k N for 20~ins

Pressure 2 2= 525KN/m for 20mins of 1575KN/m hr •.

Temperature rise = 2°C.

\.,reight =20kg'
~oisture Content =54• ~,~

Pressed Fermented Cassava Dough
lJeir;ht 1'7.9kg
~oisture content = 48. 4~~~

Fe~ented Cassava Dough lMNUAL SCRFJ;JTYPE
PRESS

Liquor
\veieht = 2.1kg

Perecentage recovery
Pressing Capacity
Temperature rise

= 89.57~
171kg/hr
2°C.=
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Though pressing is car-r-i.e-: "'_ '.: -'-, ,"~rr',-'V9enoup;h water fro", the

soggy grated materiel in order to }T'L.ke it possible to roast, there is a
~ cri tical moisture level below ~-Jhicht'tr; c~ou'"h cannot be successfully roas-

ted. This is because roasting involves an initial gelatinization which
cannot be accomplished in the absence of adequate l1'oisture. The critical
)l'Ioisturelevel was found to be 44~'~. The starch to water ratio in the L 'uor
was 1:1. The teI1"peraturerose from 28°c in each Case but the manual press
has got high pressing rate. However, the hydraulic press which requires
less human effort tc accomplish a batch has got higher overall efficiency
than the manual press. The average ti~ for pressing a batch of 20kg
using the manual press was found out to be 7,..,inst>li th an averaze time for
loading and unloading the press of 2 ,..,ins.Hence the operational ~ressing
time was found out to be 171kg per 80 ,..,ins.Similarly. an averpge time of
2 mins was used for the hycraulic press. Theref0re, the operp,ti0nal pres-
sing time was found out to be 111.3kg per 70 l1'ins.

Disintegrat.ion

Pressed Fermented
Cassava Dough
Weight ; 29_60kgs
Moisture Content = 44.Q~

Disintegr~ted FerMented
Cassava Dough
'-[eight =29.20kg
yoisture Content =44%

Percentage recovery =
Disintegration Capacity =

98.65~"
208kg/hr

The disintegreter took 9 Il'insto disintegrate 29.6kg of T~ressed
fermented caaaava dough fltpercenter,e recovery of 98.65'l~The ,..,oisture
content of the dough was deter~ined 'to be 44%.

There was about 1.35% accuMulation of the douv,h fed into the unit
with a slight decre~sein ,..,oisturecontent and negligible rise in tem-
pereture.

Sieving

Disintegrated Fermented
Cassava Dough Jvf ANU AL ROT J-IRY

SIEIlE

Sieved Fermented
Cassava Douah

Weight = 27.3kg
~oisture content = 44%

"'eight =
~oisture content =

26kg
44.0CYt~

Percentage recovery = 95~24%
Sieving Capacity = 394.65kg/hr
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It took the manual rotary sieve 4mins to sieve 27.3kg of fermented
Cassava douE~. The moisture cnntent w~s found to be ~I, and ~rcentage
recovery of 95.24%

The average particle size o·fthe sieved f'e rmerrt e d c asaava dough
usi~ the manual rotary sieve was O.58~ in a ran~e of 20 ~e6h to
40 ~esh (O.84mm to O.419mm)~ The average weir,ht of chaff sieved out of
the dough was 1.3kg or an average of 5kg per 100kg of disintef,rated
fermented Cassava dough.

l-fanualRoestin..&

Weight -27.7kg
},oisture Content =44.o~'..',

Gad
Sieved Fermented Caaaava

Dough LARGE R~TJl'JGIrLAR
Weight = 15.9kg
lAoisture Content = 4.87~

percentage recovery
Roasting Capac i,ty = 31.34kg/hr

Sieved Fermented Cassava
Dough

8.5kg
= 48.4~~

TRADITIONAL
ROASTING PAN

Gari
Weight
~isture Content

Weight
lAoisture Content

= 4.7kg
= 5·5'~

Percentage recovery
Roasting Cap~ity = 11.2k.g/hr

RoastinG occurs in two stages; gelatinization and dehydration.
Gelatinization results in the dough beinp; cooked and cannot be accom-
plished if the product is overstirred as for exa~ple may happen in a
mechanical roastero Here the moisture content of the fermented Cassava
dough has Got a role to play in the cooking. This is because the gela-
tiniZation needs a r~inimum level of moisture content of the feed for it
to be accomplished. This critical moisture level was found to be 445~ in
the experiment. Should the level fall below this critical VAlue the pro-
duct would be powdery. The opt i.mun, c-:::2coting tel"'peraturewas found to be
115°C. The above stpted weight of t~2 d0u~h fed to the large rectangular
roasting pan we.sfed in 3 batches \.Jith an average roastin~ tiTTle of 18mins
per batch. Similarly with an average rnf"~tint.StifY'eof 15~ins per batch the
dough fed to the traditional roasting pan was in 3 batches. In both Cases
the avere.ge particle size of the gari "JaS O.61rnrn within a range of 20mesh
to 40mesh (o.84mm to O.419mm).



Grading

---_._-....,

C,L,L> I~:~f~!~":ntent= 15.9kg
= 4.8~~

Ungraded Gari
Weight = 15.9kg
}4oisture content = 4.89{.

Percentage recovery
Grading Capacity

= 10a;~

= 238kg/hr

15.9k~ of ungraded gari fed to the grader was graded to two fraction: the
acceptable particle size and the large lumps fractions, for 4~ins. The
former was collected as the underflow and the letter as the overflow.

The underflow of the grader recorded 12.7kg or 8~~ of the total
graded gnri with en average particle size of O.61M~ in a ran~e of 20~sh
to 40 mesh (0.84mm to 0.419~~). The overflow was 3.2kg or 2~0 of the
total graded gari viith an ave r-age particle size of 1.29rnm in a range of
10 mesh to 20 ~esh (2mm to 0.84mm)

Milling

Gari (Small grqa~les)Gari (lar~e lumps)
Weight - 31. 7kg
Moisture content = 408~:' L:'ISC-.mrpRIITlTONv ~ ". J...

}~.iLi;

_~_._. ~_M
\oJeight == 31.1kg
Moisture content = 4.7'){,

Percentage recovery
~i11ing capacity = 380. 4kg/hr

31.7kg of the large lumps of the Graded gad was milled .tor 5 mins
with a percentage recovery of 98.119<.

The average particle size of the milled gari waS 0.58mm• There Was
a loss of 0.6kg as accu~u1ation ann nowder.

f'ackaging

Weight
Moisture content

- 197.2k~
= 4. '75'~~

BAGGING, HEIDHING
AND SEALING

GadGari
Weight
Moisture content

-197.2kg
= 4. 7;~

\
\

percentage recovery
Packaging rete
Number of f'ersonnel

= 100;':'on tot81
= t19.5kg/hr
= 8
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8 persons took 1 hr 40mins to b",r" ..', i:)"J. and see1197 .2kg of

graded gari in sechets.

The gari waS packaged At 600g (0.6kg) per s~chet manually. 303

instead of en expected 328.67 sachets were obtained. Since the product

is sold in sachets! there was a f i nanci aj, loss of 7.85':;resul ti ng from

pack ag.i ng 0

It \"lns noticed t.hat SOmeof thp sachets weighed more than 600g

whilst a fe\. weighed less which resulted from hu--sn error in wei ghing

which is a major contributing factor. The packoging rC'te wi th respect

to the number of sachets we.s 183 sachets ner hour. Hence the percentage

recovery of 1005'~and packaging rc:'te of 119.5kg/hr is with respect to

the r;ari hE:nc11inr:~ Thus there is no actual loss (If the product during

packag i.ng except t.hrt the nu-ebe r of sachets expected was not obt ai ned

due to oveI'1;jei:;hinb'.

,.'
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D I S C U 3 S ION----------
The existing equipment layout of the gari production line at the

proce sai.ng hall and roasting section of the Cassavo Processinp, Dernrm-

tration Unit is as shown in fig. 1. A wet processing section proceeds

a dry processing section. There is ndequate working AreA around each

equi p-errt with regerds to the number of workers per machine and the

flow of mnterials or product through each unit.

The percentage recovery rate of gari from the fresh Cassava was found

to be 28jj. The recovery r at e is however a f f'ec t.ed by the age of the

Cassava. Less mature CassaVa has n higher moisture level hence the

recovery rete is low. Ov cr oged CflSScW"is woody arid would have Ellow

recovery rate since most of the fibrous meterial will be rejected during

processing. The purchasinr: stCJff nt the plpnt would therefore have to be

selective in their procurement of C~,,"'SC!<, in order to have good yield.

The recorded yield or pe r'c ent ac r "-'r' <"" ~'" o f 2~represented fairly weLl,

matured CnSS2V[Uthus the averElgo r(,cc '( 2'Y rate over a one year period

is about 25~~.

The flo ••., of material through the «xi s t ing nLarrt at the Cassava fro-

cessing Demonstretion Unit is not sEltisfpctory since discripElncies exist

between the installed CAP8Cities of the various uni t or.er-at-i one And pro-

cesses. Fir;. 2 shows thAt the various capacities ere not synchronised

hence a build up of material occurs at some stages of pz-oceasing if the

gr-ate r s 2re operated ("Jtfull capac i ty , J~sumin['; the total grating capa-

city of 735kg/hr. as an accepta~ stundard for a batch operation, one

would expect a peeling rate of 1030.2kg/hr but the recorded rate was only

376kg/hr. This low peeling rate does not s however , pose a major obstacle

since it Can merely be increased by enr;aging Fore hands to do the peeling.

The grated product is next fermented and pressed. The capacity of

the plant for fert1cntetion is sOT"ewhatunliT"ited since it is carried out

spontaneously by merely pecking the greted T"2terial into polypropylene

bags and al.Lowi ng it to str.nd for 36hrs. The pressing capac i ty of 624.3

kg/hr. instead of 597.8kg/hr is however even higher than required to

allow the free flow of rnc9terial al cng the production line. The cap1'1ci-

ties of the equipment for the SUbR,.;.;1)C~,toperetions of disintegration

and sievinet 208.3 and 394.65kr;/hr. ~~,-"('cti veLy s instead of an expected

535.1 and 527.9kg/hr show that materiels wou.lr' 'mild up dur-in-r these
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FIG. 2· CCt:P.!JUSIOlf OF J·.C'IDAL Tr'::.'T'_, :,:":' C:TACITIES \H'J'H

THIDRNrIC/\LtY SYNCHRONT~S~";1 ~C(!:1)SIHG CAPACITI:s8

THIDRl!n'ICALLY SYNCHRONIZED
PROCE>SING CiJ'i,CITIES (BASKT) ACTUAL INSTALLED

ON THE COMBIE.:§.12._G:.:Ri::.:f!~TI::.:N~G:.....;::C.:.:.t\P:..;I:..:;~C::..::I:.;::TY~) ---:C:..;A.;;..;.;f>~;;.CI:;.;T;.:I:.;;;ES;;;;....__

1
1F?l-IH4 ~

(p':rO ..2Ilz;J~

1
F

UStI.
1030.2KG/HR

I
GRATING

734KG/HR.

I
FERf-XENTATION

.
714.2KG FOR

36HR.

I
rRESSING

597.8KG/HR

I
DISINTIDRATION

535. 1KG/HR.

I
SIEVING

527.9KG/HR

I
ROASTING
502.7KG/HR

I
GRADING

288.6KG/HR. r

I r'ILLING
57.72KG/HR.

PACKAGINE
287. 4KG/HR. I

t

SW·1E

~»Srl1(\[fi

376KG/HR.

I
GRATING

734KG/HR.,
Fm'ENT ,'\.TION

I
PRESSING

624.3KG/HR

- ...... "'~

I
l::;:,;I. ~,,_,-,iL'TI()N

20t', 3KG/HR

I
SIEITING

394. 65KG/HR

I
ROASTING

73.88KG/HR

I
GRADING

238KG/HR. I

I ~ILLING
380.4KG/HR.

PACKJ,GING
119.5KG/HR 1

I
STORE



operations should be graters be operated at their full capacities~
SimilarlYt fig 2 shows that the capacities for the final operations of
roasting, grctding and packagi m 73.88, 238 and 119.5kg/hr. respectively,
fall short of the:expeeted rates of 502.7, 288.6 and 287.4kg/hr which
would ensure a smooth flow of material through the plant. It is only
the milling capacity of 380.4k /hr, a secondary operation, which far
exceeds the expected cepecity of 57.2kg/hr and is pble to cope with the
capacities of the graters.

It is obvious from the above discussions that the peeling, disin-
tergration, sieving, rORsting, grading and paCkaging capacities have to
be increased for the s1"1oothoperation of the plant exploiting the capa-
cities of the graters. However, packaging rate as in the Case of peel-
ing can simply be increased by GngRrsing more hands whereas additione.l
equipment wou l.dbe needed for the ')::'.::'0Iicrations.

Since no actual build ups of l".:,o;'rii:'~s wer e observed during the
study except in the Case of roasting, it wouLd seelT'thc.'tunder normal
daily cper-ati.ons the graters are rpt\('Y' undcrutilized by operating
them for short peri()ds in order to co-ordinete their output with the
capacities of the other equipment.

The project docuJTlentfor establishinr.;.theCassava Processing Demons-
tration Unit targetted a dpily processing capacity of 2 tons C2,OOOkg) of
cass~va. Models for echieving this level of production are produced in
tables 1 and 2. To process 2 tons of cassava a dAY using the existing
facilities at the Cassava Processing De1"1onstr~tionUnit, a model hAS be~n
drawn up in table 1 teking into consideretion the numbe~ of personnel pnd
the length of time needed to carry out each operation. A comparison of a
model and the installed capacities in table 2 shows that this scale of
operation can be achieved only if andi tional roasters are installed to
raise the rocsting capacity from 73.88kg/hr to 122/hr. All the other
unit operations are capable of handling that quantity of material.

Even though the target of processing 2 tons of CassaVa daily Can
easily be ach.ieved by installing additional roasters, it would be advan.•..
tageous to raise the processing capacity even beyong this since the
ins.~.ed capacities of all the ct'lr;:~. unit operations are in excess of
this requirement. It is suggeRted thFt nIl cnpacities Are raised to cope
with the grating capacity of 734kg/hr. ",hiswiJl raise the capacity of
the plant to handle over 8 tons of caSS2.VEldaily and make operations much
more economically rewarding. To hendle this volUme of material there
will be a need to install six l"ore ilT'nrovcdstoves however elT'phasis should
be placed on mechanical rAther than manual roasting since the latter will
necessitate the employment of additional staff. Modification work on the
Mechanical roaster should therefore be speeded up and when found satisfac-
tory ndditional TlIodelsfabriCAte-d.



TABLE 1 A }~CDELFOR PROCESSING A Di.ILY RA'It:H OF 2,OOO~G OF FRESH
CJ.BS.AVAUSING THE EXISTING PLANT AT THB C/illSAVA

FROCESSINGDD'ONSTR,TION UNIT

IERCET'~T.AGE NUMBER OF

UNIT PERCENTkGE REX:;OVERY
INSTALLED OUTI'UT

PERSONS
WITH REsrU::T PERIOD OF TO Cj\HRYOPERATION REX!CVERY 'TO RAl-; CPJ~ACITY (KG) OPERATION

}'I ATERIIll. (KG/HR) • CHHS) OUT
Or~RATIOt·-.

Cassava - - - 2,000 - -
Peeling 71.25 71.25 376 1,425 5.32 8

Grating (C) 97.31 69.33 734 1,386.6 1.94 21. Disc grater
2. Drum grater I 1

.
.. ,

Fermentation 83.7C \
58.03 1,160.6 36I - -

I ,"

Pressing (C) 89.,50 1
51.94 624.3 ,,0'8.8\ 1.86 2,

1. Hydraulic i2. Manual (3)
I

" 2. • . .

Disintegra.tion 98e65 51.24 208.3 1,02408 4.99 2

Sieving 95024 48.80 394.65 976 2.60 2

Roasting (C) 57040 28.01 i '7jj:8 560.2 13.21 31. large pan(2) I

2. traditional
pan ~ r

Grading 100.00 28.01 232, 560.2 <!.35 2

Milling S8~11 27.90 380.4 ( 109.9) (0.29) 2
'.

Packinging 100.00 27090 119.5 558 4.67 8

(C) = Combined

The Fercentage recovery against the TY'il'ing in the table resulted
from the calculation basing on the fact that 2(J7~ of the total graded
gari \-Ias milled at a recovery of 98.11?(;, and its cor-re epond i.ng value
are calculated accordingly.

TABLE 2 A HODELFOR I'ROCESSING A DAILY Rj,TCH OF 2,OOOKGFOR 8HRS

~.

UNIT R~UIRE~ C(frA- EXlf>TINt C:>t?5OPERf.TIONS CUTHTT (KG) CI I~~ KG HR) CITIES KG R

Cassava 2,000 - -
reeling 1,425 250 376
Grating 1,386.6 178.13 734
Ferrrentation "j, 160.6 - -
Pressing 1,032.8 145.08 6~4.3
Disintegration 1,024.8 -

129.85 208.3
Sieving 976 128 ••10 394.65
Roasting 560.2 -122 ?~.88
Grading 560.2 70;03 238.
)o4illing ( 109.9) ~14J"O') j&O.,§I
Packagd ng 558 69 •.75 119.5

-
NB. Only 20% average of the graded gari WES T"'illed hence the

values in the b rr-cke t s are for the r-d.Ll.i.ng by pass.
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CON C L U S ION

By inste~ling two ~ore i~proved stoves, the plant at the Cassava

Processing Demonstrption Unit would be able to process 2 tons of

Cassava doily as st i.puLet.ed by the project document for establishing

the unit. l..t the ]'Y'omCYlt he plant Can process an aver sge of 1.2 tons

of cassava per day 0 The plant, however, hE'S a potential for procese-

ing over 8 tons per day. The Lr-y cut of the p'l arrt is good and the

working apece provided around .'J,,-' n" ,~'~;'C' is edequate.

The yield of gari from CaSS2V2=; +. time of study was 28'i:' but

this is dependent on certain fectors inc'uding the variety of Cassava

and its e.ge. The criticel moisture content for the sucGessful roast-

ing of ff>~mented Cassava dough into gari "JaS found to be 44~~.

The cap?cities of the vClrious unit operptions are not synchroni-

sed hence materiels ar'e not able to flow smoothly thr'ough the plant

if each machine is oper at.ed at its full capac i ty. During operations,

some machines have to be underutilized before other machines are able

to cope VIith their outputs. Despite this a build up of: JT1ateri8ls

occur dur-i ng r-or-s t ing, These discrepancies in the capac i tLe s of the

various unit operr ti on have to be ratified before the plant Can be

operated sctisfactorilyu
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This work study has made it clear how to elil'l'inatesome of the

bottlenecks in the gari productionl.ine in order to _~i ter the pro--

duction rate.

Thus since there has not yet b.:':,n a.nyrnechanised Means of peel-

ing about 8 more persons could be e)~plo:Tedto increase the overall

peeling rate in order to get the feeding requirement to the graters

(Le especially the drum grater) to avoid the under utiliazation of the

equipment.

A more powerful electric motor could be installed to replace

the existing electric motor in the disintegrater, or a bigger l'I'odel

has to be acquired, to increase its throughput in order to cope with

the higher sieving capacity of the siever.

Concerning roastin~ there is no other alternative than to install

2 more of the irrproved tradi.tional rect anguLar-roaster to contain the

rate at which the fermented Cassava dough was sieved in order to

increase the production rate.

The packaging staff should 'Jp ""rr, car-e fu.Land their work closely

supervised to avoid oveI'-Weighing.

The existing equ i pmerrtlayout, 1;;i th respect to the flow sheet of

gari production could be maintained. However, the roasting section

could be relocated for easier aCcess to it in order to economise til'l'e

during transfer of feed (fermented cassava dough) to the roaster:

The nbo~ recol'I'!'I'€nd~tionsif imple!'l'€ntedwould help in the efficient

running of the plant.

,.
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liPPENDIX 1

PARI'ICLES SIZ"R P2'TALYSES (USmG ASTM SCRE:BNS)

Disc Grater

Screen Opening
Diameter (mm)

2.00 (10 mesh)
0.84- (20 " )
0.419 (40 " )
0.297 (50 " )
OD178 (eo " )
0.104 (140 " )
0 •.0533 (270 " )

Pan

Weight of Sarnp Le
on Screen (g)

Weight
Percentage

(%)

Product of Scr-eer
Opening Diameter ~
Weight Percenta&e

8, 7
54.9
27.5

7.9
1.0

8.7
54.9
27.5

7.9
1.0

0..174
0.461
0.115
0.023
0.002

Total = o.775

•
• Average partic18 size of grated cassava = 0.78mm

Drum Grater

Screen Op(nir
Diameter rom

2.00 (10 mesh)

0.84- (20 " )

0.419 (40 " )
0.297 (50 " )
0.178 (00 " )
0.104 (140 " )
0.0333 (270 " )

Pan

Weight of Sc.rr; :' <3

on Screen (c::'

----_ ..__ ._. -----.~----~----------
Product of Screen
Opening Diameter an..
Weight Percentage (~-

Weight
Percentage'

(%)
11.90
40.30
35.60
10.60

1.60
0.10

11.89
40.26
35.56
10.59
11.60

0.10

0.2378
0.3382
0.1490
0,0315
0.0028
0.0001

Total = 0.759

•
Average particle size of grated cassava = O.76rm
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Siever

Scr-een Opening Weight of Sample
Diameter (mm) on Screen (g)

2000 ( 10 mesh) 0.6

0~84 (20 " ) 40.00
0.419 (40 " ) 45_·3
On297

~~
"

~
12.2

0.178 II 1.7
0.104 ( 140 " ) 0.3
0.0533 (270 " )

Pan

Weight
Percentageeo

Product of Screen
Opening Diameter and
Weight Percentage (mm)

0.6

39.96
45.25
12.19
1.70
0.30

0.0120

0.3357
0.1896
0.0362
0.0030
0.OCD3

Total = 0.577
\

"<.

Average particle siz8\.of sieved cas sava dough = 0.58rom
'-.

Ro-;r,ter

Rereen oPCn~ Weight of Sample Weight Product of ScreenDiameter IDIIl on Screen (g) Percentage Opening Diameter and
(%) Weight Percentage (rom)

2.00 (10 mesh) . 2.9 . 2.90 0.0580
0

0
84- (20 " ) 41.0 40.96 0.3441

0.419 (40 II ) 39.4 39.36 0.1649
0.297 (50 " ) 10.3 10.29 0.0306...
00178 (00 " ) 4.5 4.50 0.0080
0.104 ( 140 n ) 1.6 1.60 0.0017
0.0533 (2/Q It ) 0.4 0.40 0.0002

Pan

Total = 0.6075

. . Average particle size of gad = 0.61~
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G-re.derUnderflow

Screen Opening ~reight of Sample Weight Product of Soreen
Diameter (rom) on Screen (g) Percenta.ge Opening Diameter and

" (%) Weight Percentage (mm)
2.00 ( 10 mesh) 0.3 0.3 0.0050
0.84 (20 " ) 49.6 49.6 0.4166
0.419 (40 " ) 39.5 39.5 0.1655
0.297 (50 II ) 7.2 7.2 0.0214
0.178 (80 " ) 2.5 2.5 0.00+5
0.104 (140 " ) 0.7 0.7 0.0007
0.0533 (270 " ) 0.2 0.2 0.0001

Pan

Total = 0.6148
Average particle size of gari ::; 0.61mm

Grader Upperflow

Syreen Op,ni)g V1eight of S(m~le r~ight Product of ScreenDlameter mm On Screen g Por.en8age Opening Diameter and(%) Weight Percentage (rom)

5 ..66 (3.5 mesh) 1.7 1.69 0.0957
2.00 (10 " \ 32.6 32.50 0.6500)

0.84- (20 " ) 64,,3 64.11 0.5385
0.419

~~

" l 0.7 0.70 0.0029
0.297 " 0.2 0.20 '0.0006
0.178 " 0.3 0.30 0.0005
0.104- (140 " ) 0.3 o 30 0.0003
0.0533 (270 " ) 0.2 o 20 0.0001

Pan ~

f

Total = 1.28e6

• . Average particle size a;:gari = 1.29mm
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