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The work study st the Cassave Frocessing Demonstration Unit
was carried out on the gari production line under the normal daily
operating conditions of the plant. A critical look was taken at
the method of peeling and how to monitor it in order to cope with
the grating retes of the existing two graters which vary greatly
in their capacities., With the sufficient fermentation period of
36hrs a hydraulic press and manual press were compared followed
by the disintegrstion of the dough to enhance essy sieving. The
critical moisture content of the dough before roasting which was
found to be 44% resulted in achieving the desiresble texture.

The average perticle size of the graded gari was 0.61mm and the
vackaging rate was 183 sachets of 600g weight per hour. The
overall percentage recovery; based on the raw cassava té the fini-

shed products was found out to be 28,005,



INTRODUCTION

Cassava is one of the most important and widely consumed root crops

oS

in Ghana which can be processed into 2ifferent products in order to im-

prove upon its storage lifee.

Cassava cultivars may generally be grouped into the bitter and sweet
varieties, The bitter varieties contein more than 50Omg of hydrocyanic
acids per Kg fresh root whilst the sweet varieties contain less than 50mg
of the poisonons compound per Kg of fresh root. Cultivars grown in Ghana

are almost inverisble of the sweet type.

Due to the neture of the cassava tuber it may be successfully stored
permanently by processing into storable forms. Other advantages of plac~
ing importance on cassava processing is that it may enhance the introduce
tion of new products end encourage agro-based industries. Some of the
most importent {EEEEsEEes)] cassava products in Ghana are garis instant

fufu powders kokonte and cessavae dough flour,

Traditional processing of cassava into gari involves peeling and
grating of the cassava followed by sponteneous fermentation which occurs
during the prolonged dewatering of the greted mash. The fermented pressed
dough is then reduced into a granular form sieved and roasted. Roasting
gelatinizes and dehydrates the greins. The product is allowed to cool

end sieved to remove large lumps ~nd imvrove unonits appearance.

The drugery and health hzzarcs sssoc ated with the traditional method
of gari meking has led to the study of the various unit‘operations of
gari production by researchers from the Food Research Institute and Indus=
trisl Research Institute with the view to upgrading the traditional
technology.

The knowledge gain has formed the basis for the establishment of a
Cassava Processing Demonstration Unit by the above named institutions of
Council for Scientific and Industrial Research (C S I R)y in a joint effort
with the African Regionel Centre for Technology (A R C T) based in Dakar,
Senegal. The primary objective of the project is to use the Cassava Pro-
cessing Demonstration Unit as a training and dermonstration unit for traine
ing traditional gari mekerss policy mekers and enterpreneurs improved
methods of casseva processing. Rven though the unit has the design of an

industrial plant in scope of activitiess market orientation ©f product and

—-—)2



plant needs: the significant training component in plant activities

limit the plant's commercial objectives and operations.

Work studies are carried out on processing plants to enable person-—
nel in charge assess and improve upon their production efficiencies. It
also ensbles personnel to maximise their operations under standardised

working conditions,
L

This work study was carried out to monitor and assess the various
units operations and the general operations of the plant installed at
the Demonstretion Tnit and also tc make recommendation as to how to

schieve a targeted production daily output of over LOOKg of gari.

This study dc-ls with the material balances and capacities of the
various unit operatiocns as well as the nature of the feed and product

to and from easch unit operation » the —rocessing line.
P
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MATERIALS AND 1. HODS

With the existing equipment layout and the equipment at the cassava
processing plant the work study was cerried out under normal operating
and working conditions. Gari is produced at the plant through the unit

processes as described below,

PEELING

Fresh cassava was weighed and peeled menually. The peeling rate
was obtained by determining the time tsken to peel L4Okg of Caséava and
the number of personnel involved in peeling. Successive peeling rates
were determined and the average peeling rate worked out. Sarmples of

peeled cassave were tsken to determine the roisture content.

WASHING

The peeled cessave was then washed in clean water to get rid of any
dirt. The washing was done manun~'ly with the water being changed
periodically.

GRATING

Grating was carried out to reduce thc cessava into a wet granular
from. Two different graters were used =nd their capacities compared.

These were a Disc Grater and a Drum Grater.

The disc grater consists essentially of a horizontal grating disc
fixed to a verticel shaft which is located centrally to}the bottom of
the outer ring. 4n inner ring sits above the grating disc with a bar
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—
rence between the inner ring end the grating disc into a chute for
collection. The grater is operated by a 5 horse power (Hp)  §3.7Ki)

eléctric motor

The drum grater consists of a hopper and a drum driven by a 7.5Hp
(5.6KW) induction motor. Peeled Cassava fed into the grater is pushed
against the rotating drum to effect grating. The drum is a solid metal

with milled rasp teeth and rotates at 700rpme.

48kg of the peeled cassava was weirhed and fed into the grater in
either cese and the time taken to srrte the material determined. Sam—
ples of grated cassava from each oot~ were taken and their moisture
contents and sversge particle size dcterrined. The total weight of each

grated meterial as well as its terperature - -e also determined.



FERMENTATION
Fermentation is necessary i .= Juction of lactic and other
organic acids as well as aldehydes -~ csters 211 of which give gari its

characteristic flavour. Fermentation ~1sc enhances the hydrolysis of the

poisonous cyanic compound present in the cassava.

The grated cessava were packed in sacks and placed in a fermentation
trough and allowed to underge smontaneous fermentation for 36 hours.
Weight before end after fermentation were determined and samples were
taken to determine the moisture content. There were no analyses of the

organic scidss aldehydes end esters produced,

PRESSING

Pressing is carried out to reduce the moisture level of the fermented

cassave doughs meking it possible to roast the producte.

Two types of presscs were used. They are the hydraulic press and

manual presse.

The hydreulic press has a base on which sits a perforated metallic
box with o 1id in which the material to be pressed is placed. By crank=-

ing the hydraulic bers up end dovm ~ressure is exerted on the materiel

via a pressure plate attached tc o~ > -+ the upper part of the press.
The hydreulic press has a pressurc -~ vhich indicates the operating
pressure.

The menual press comprises a met:11ic box that sits on the bese of
the press. With the sid of a screw rods pressure is exerted on the mate-
rial in the pressure box. There are 3 of these manual presses at the

Cassava Procesgsing Deronstration Unit,

37.1kg and 20kg» respectively of the fermented cassava dough were
packed in a polypropylene sacks and placed in the metallic box of hyd-
reulic and manual presses and pressed to dewater the materiale The time
teken to press the material as well as the finel weights were determinede

The moisture contents before and after pressing were also determined.

DISINTHGR..TTION

The compactness of the pressed dough is such that it always needs to

be disintegrated and sieved before it can be roasted.

The disintegrater is essentially a rotor with spikes on. It is run

by a 1.1KW electric motor,

29.6kg of the pressed fermented cassava Jough was fed to the disinte-

grater through 2 hopper #nd the time teon to disintegrate the materisl
noted,



SIEVING

Fibrous materiel in fermented crssave dough is traditionally removed

before roasting.

The sieve is a wire mesh mould .rto a cylindrical shape which is
turned manually with the aid of a whe=l =-tached to one of the ends of

the siever.

Through a hcoper 27.3kg of the fermented cassava dough was fed into
the siever and turned. The number of turns and the weight after sieving
were determined as well as the time for sieving. The particle size of the

sieved fermented cassava dough was alsc determined.,

ROASTING

Roasting is cerried out primarily to cook the material. It results
in a crispys paletcble and storeble and—stersbde product.

Two different types of roasters were used; a treditional roasting
pan and 2 large roesting pans rectangular in shape and of the following
diamensions Lt ¥ L0, 25" X 4,5", Both the traditional and large rossting
pans are used on irproved stoves with chimneys using firewodd as fuel.
Smoke produced is removed through the chimneys making roasting more com—

fortable and less hazardous.

In edditicn to these the uni® ~-= -1so developed a mechanical roas-
ter. But this was undergoing mo’: " - >n works ot the time of the study.
27.7kg of the fermented cassava Jlcu;h was weighed end poured into

the roasting pan. The time teken to rosst the material as woll as the

final weight and pocisture content of the »nroduct were determined.

GRADING

Gari from the roaster is graded to acquire product of uniform parti-

cle size.

The grader comprises a vibrating sieve on which the product is poured

and sievede It is run by a 4.1KV motor.

The gari was weighed and poured onto the mesh for greding. Two graded
products of different particle size range were collected. The time for
grading was deterrined as well as the weight and the particle size of the

various productse.



MILLING

The large lumps from the grader were milled to the required parti-

cle size using an attrition mill.

Weight before and after milling were measured as well as the par’
size,

PACKAGING

The graded gari of the required particle size was then packaged
into polyethylene bags.

600g of gari was poured manually into each bag and sezled. Time

for packeging 197.2kg of gari was determined,

A1l the experiments were carried out in triplicates,



On each of the units or equipwentvthe experiment was triplicated

and the aversge was deterrined end used to represent that parameter.

Peeling
Unpeeled Cassava Peeled Cessava
. MANUAL PEELING
Weight = 40kg Yeight = 28.5kg
Moisture content = 62.4% Moisture content = 62.4%
Cassava Peels
Weight = 11.5kg
Recovery = 71.25%

Peeling rate = 47kg/Manhr

It tock 8 persons 7mins to pee”. LOkg of Cassava. It yielded
28.5kg of peeled cassava and 11.5k; “f -~ssava peels. The moisture content
of the cassava was determined to be 62.4%5; and the percentage recovery
was 71.25%.

The peeling rate depends on the size of the cassava as well as
the period through which the peeling is done. Smaller tubers have
got larger surface area per unit volume than bigger tubers of same
weight hence the bigger ones have got faster peeling rastes than smeller
ones. Also by sitting down for long time the peelers become tired and
their peeling rete decrease., Percentage recovery also depends on the
size of the tubers; peeling small tubers takes more of the céssava

alongside with the peels than bigger tubers.

Grating
Yeeled Cassava DISC GRATER Grated Cassave
Weignht = 47.6kg Weight = 0&cg
Moisture content = 62.4% Moisture content = 61%
Motor Power = 3.7KW
Recovery = 96.6L4%

Grating Capacity 190kg/hr



Peeled Cassava DRUM GRATER Grated Cassava _
Weight = L48.Lkg Weight = 47.1ﬁg
Moisture content =  62.4% Moisture content = 61.7/"

Motor power = 5.6KW

Pwecentage recovery = 97.31%

Grating capascity = Sklbkg/hr

The disc grater and drum grater tock 15 minutes and 6 minutes; res-
pectivelys to grate 48kg of peeled cassava; with respective percentage
recovery rates of 96.64° and 97.3%. The moisture content of the grated

cassava was found to be 61%

The average particle size of the grated cassava using disc grater
was 0.78mm in the range of 20mesh to 4Omesh (0.84mm to O.419mm); and
that of the drum grater with milled rasp teeth was 0.76mm in the range
of 30mesh to 4Omesh (0.84mm to 0.419mm). The detailed date on the par-
ticle size is presented in appendix 1. In order tc get particle size
of grated cassave within the required range using the drum grater the
cassava had to be grated twice. Despite having to grate the material
twice its cepacity was nesrly three times thaot of the disé grater. The
difference in the greting capacities may be due to the fact that no
additional force other then gravity is exerted for the accémplishment ch
the grating in the disc grater whereas cassava is manually pushed agair:
the rotating ebreisvie drum in the drum grater using a press;ug block.
The differences in weights before ~nd ~fter grating was due to spille-~
of some of the exudate and the reten-i-n of a little grated material ir

the graters.

Fermentation
Grated Cassava m Fermentad . Cassava Dough
- FERM™TNTATION 2
Welght = 46. Okg TROUGH e ight = 38 . 5kg
Moisture content = 61% Moisture content = 55,9%%
Percentage recovery = 83.7%

L46kg of grated casseva wes allowed to undergo spontaneous fermento-
tion for 36 hrs., The weight =fter fermentstion was found to be 38.5kg;
the decresse in weight was due to removal of exudate during fermentation
caused by the weight of the dough. The moisture content of the fermented
dough was determined to be 55.9% and the nercentage recovery was 83.7%.



Therc was decreese in weight i —~he dourgh during fermentation due
to the loss of some exudate from the srated material. The exudate con-
tains starch and water. During fermentation, the toxicity of the dough
was reduced and s charscteristic flavour developed. During fermentation:

the bacterizs corynebecterium manihot produces lactic and formic acids

from starch reducing the pHs thus making it possible for a fungus

Geotrichum candida to grow and produce the aldehydes and esters which

give the dough a characteristic flavour. The increesed acidity elso
allows an enzymes linamerases to hydrolyse the poisonous glucosides int
gaseous hydrogen cyanides which is liberated thus detoxifying the dough.
Thus the fermentation period should be enough for these activities to

take place.

Pressing
Fermented Cassava dough ! HYDRAULIC Pressed Fermented Cassava dough
Weight = 37.7kg | PRESS Weipht = 29.5kg
Moisture = 55.4% ; Moisture content = Ly o/
tLiquor
{leight: 7.6kg
Percentapge recovery: 79.6
Pressing Capacity - 11ﬂ.3kg/hr
Force = 12tons for 20 ~rirs
Force = 12tons (pressure pguage reading) for 20mins =
— 118k Nfor 20mins .
Pressure - 525KN/n° for 20mins of 1575KN/n° hr.
Temperature rise = 2°C.
Permented Cassava Dough MANUAL SCRB®Y TYPE | pressed Fermented Cassava Dough
Weight = 20kg PRESS Weirht =17.9kg
Moisture Content =54.7% | Moisture content =48.4)%
I}iquor
Jeight = 2.1kg
Yerecentage recovery = 89,5
Pressing Capacity = 171kg/hr

Temperature rise = 2°C.



Though pressing is carried % “~ remove enough water from the
socgy grated materizl in order to mcoke it possible to roasts there is a
critical moisture level below which *thc dourh cannot be successfully roas-
ted. This is because roasting involves an initial gelatinization which
cannot be accomplished in the absence of adequate moisture. The critical
moisture level wes found to be 44¢f, The starch to water ratio in the 1. uor
was 1:1. The temperature rose from 28°C in each case but the menual 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 time for pressing a batch of 20kg
using the manual press was found out to be 7mins with an aversge time for
loading and unloading the press of 2 mins. Hence the operational rressing
time was found out 1o be 171kg per 80 mins. Similarlys an average time of
2 mins was used for the hydraulic press. Therefore, the operational pres-

sing time was found out to be 111.3kg per 70 mins.

Disintepgration
Pressed Fermented Disintegrated Fermented
Cassava Dough DIST! "R TER Cassava Dough
weight = 29.60kgs e e Weight ‘ =29.20kg
Moisture Content = 44,27 ‘ Moisture Content =44

98. 654"
208kg/hr

Percentage recovery

"

Disintegration Capacity

The disintegrater took 9 mins to disintegrate 29.6kg of nressed
fermented cassava dcugh at percentege recovery of 98.65;* The moisture

content of the dough was determined to be Llgi.

There was sbout 1.35% accumuletion of the dough fed into the unit

with a slight decreasein moisture content and negligible rise in tem-

pereture,
Sieving
Disintegrated Fermented Sieved Fermented
Ca§sava Dough S MANUAL ROTARY Cassava Dough
Weight = 27« 5kg STEVE Weight = 26kg
Moisture content = L4l Moisture content = 44,005

95 . 2495
394 ,65kg/hr

Fercentage recovery

fl

Sieving Capacity
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It took the manual rotary sieve 4mins to sieve 27.3kg of fermented
cassava dough. The moisture content was found to be 44§ and percentage

recovery of 95.24)

The averape particle size of the sieved fermented cassava dough
using the menuel rotary sieve was 0.58mm in a range of 20 mesh to
40 mesh (0.84mm to 0.419mm). The average weight of chaff sieved out of
the dough was 1.3kg or an average of Skg per 100kg of disintegrated

fermented cassava dough.

Manual Roasting

Sieved Fermented Cassava
Dough LARGE RECTALNGULAR Gari
Weight =27.7kg ROAS™INA TUN Weipht = 15.9kg
Moisture Content =4k4.0:! Moisture Content = 4.8
Percentage recovery = CE7.4%
Roasting Capacity = 31.34kg/hr

Sieved Fermented Cassava

Dough TRADITIONAL Gari -
Weight = 8.5kg ROASTING TAN Weight = 4,7kg
Moisture Content = 48.4! Moisture Content = 5.5%

55.35
11.2kg/hr

Percentage recovery

1}

Roasting Capacity

Roasting occurs in two stages; gelatinization end dehydration.
Gelatinization results in the dough being cooked and cannoﬁ be accom—
plished if the product is overstirred as for exarple may happen in a
mechanical roaster., Here the moisture content of the fermented cassava
dough has got a rcle to play in the cocking. This is because the gela-
tinization needs a rinimum level of moisture content of the feed for it
to be accomplished. This critical moisture level was found to be 4lgf in
the experiment. Should the level feall below this critical value the pro-
duct would be powdery. The optimur rcasting temperature was found to be
115°C. The above steted weight of th: d~urh fed to the large rectangular
roasting pan wes fed in 3 batches with an average roasting time of 18mins
per batch, Similerly with an averege rossting time of 15mins per batch the
dough fed to the traditional roasting pan was in 3 batches. In both cases

the averzsge particle size of the gari was 0.69mm within a range of 20mesh

to 4omesh (0«84mm to 0-41%m).



Grading

Ungraded Gari
Weight
Moisture content

15.9kg
L 8%

inon

- %2 -

Graded Gari

Percentage recovery

Grading Capacity

n

1008
238kg/hr

Weight
Moisture content

15.9kg
4, 8¢

0o

15.9kg of ungraded gari fed to the grader was graded to twd fraction: the

acceptable particle size and the large lumps fractionsy for bmins. The

former was collected as the underflow and the latter as the overflowe.

The underflow of the grader recorded 12.7kg or 807 of the total

graded gari with an average particle size of 0.61mm in a range of 20mesh

to 40 mesh (0.84%mm to 0.419mm).

The overflow was 3.2kg or 20% of the

total graded gari with an averape particle size of 1.29mm in a range of
10 mesh to 20 mesh (2mm to O.84mm)

Milling

Geri (large lumps)

DISC ATTRITION

Weight = 31.7kg L
Moisture content = 4,87 S
Percentage recovery = 96,115

Milling capacity = 380.4kg/hr

Gari (Small gremules)

Weight = 31.1kg
Moisture content = 4.7%

31.7kg of the large lumps of the graded gari was milled for 5 mins

with a percentage recovery of 98.11%.

The average particle size of the milled gari was 0.58mm. There was

a loss of 0.6kg as accumulation and nowder.

Packaging
Gari
Weight = 197.ckg
Moisture content = 4.7

BAGGINGe WELGHING
AND SEALING

n

Percentage recovery
Packaging rate

Number of Iersonnel =

10055 on total
119.5kg/hr
8

Gari

Weight =197.2kg

Moisture content = 4.7



8 persons took 1 hr 40Omins to bar: o isn and seel 197.2kg of

graded geri in sechets.

The gari was packaged at 600g (0.6kg) per sachet manually. 303
instead of an expected 328.67 sachets were obtained. Since the product
is sold in sachetss; there was a financial loss of 7.8 resulting from

packaging.

It was noticed that some of the sachets weipghed more than 600g
whilst a few weighed 1less which resulted from human error in weighing
which is a major contributing factor. The packaging rete with respect
to the number of sechets was 183 sachets ner hour. Hence the percentage
recovery of 100% and packaging rete of 119.5kg/hr is with respect to
the gari handling;. Thus there is no actual loss of the product during
packaging except thet the number of sachets expected was not obtained

due to overweishing.
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The existing equipment layout of the gari production 1line at the
processing hall and roasting section of the Cassave Processing Demon-
tration Unit is es shown in fig., 1. A wet processing section proceeds
a dry processing section. There is adequate working ares around each
equipment with regerds to the number of workers per machine and the

flow of materiels or product through each unitae

The percentage recovery rate of gari from the fresh cassava was found
to be 2854 The recovery rate is however affected by the age of the
cassava. Less mature cassava has & higher moisture level hence the
recovery rate is low. Over aged cassava is woody and would have a low
recovery rate since most of the fibrous meterial will be rejected during

processing. The purchasing steff at the nlant would therefore have to be

selective in their procurement of cnesava in order to have good yield.
The recorded yield or percentaer v o v of 28 represented fairly well
matured cassavas thus the average rccc ory rate over a one year period

is about 25 e

The flow of material through the c¢xisting plant at the Cassava I'ro-
cessing Demonstration Unit is not satisfactory since discripancies exist
between the installed capacities of the various unit orerations and pro-
cesses, Fig. 2 shows that the various cepacities zre not synchronised
hence a build up of material occurs at some stages of processing if the
graters zre operated at full capacity. Assuming the total greting capa-
city of 735kg/hr., as an acceptalde standard for a batch operations one
would expect a peeling rate of 1030.2kg/hr but the recorded rate was only
376kg/hr. This low peeling rate does nots howevers pose azmajor obstacle

since it can merely be increased by engaging rore hands to do the peeling.

The grated product is next fermented and pressed. The capacity of
the plant for ferpentetion is somewhat unlimited since it is carried out
spontaneously by merely pecking the grated meterial into polypropylene
bags and allowing it to stond for 36hrs. The pressing cepacity of 624.3
kg/hr. instead of 597.8kg/hr is however even higher than required to
allow the free flow of material elong the nroduction line. The capaci-
ties of the equipment for the subscoucnt operations of disintegration
and sievings 208.3 and 39%%.65kg/hr. =~ mectivelys instead of an expected
5351 and 527.9kg/hr show that matefials woul” »uild up during these
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STOE STORE




operations should be graters be operated ot their full capacitiess
Similarlys fig 2 shows that the cépacities for the final operations of
roastings grading and packagini 73.88, 238 and 119.5kg/hry respectivelys
fall short of the expeected rates of 502.7: 288.6 and 287.4kg/hr which
would ensure a sﬁooth flow of material through the plant. It is only
the milling capacity of 380.4k /hrs a secondary operations which far
exceeds the expected cepacity of 57.2kg/hr and is sble to cope with the

capacities of the graters,

It is obvious from the above discussions that the peelingy disin=-
tergrations sieving: roastings grading and packaging capacities have to
be increased for the smooth operation of the plant exploiting the capa-
cities of the graters. Howevers packaging rate as in the case of peel=-
ing can simply be increased by engaging more hands whereas additional

equipment would be needed for the ot cperations.

Since no actuel build ups of mrt:rizsls were observed during the
study except in the case of roastings it would seem thet under normal
deily operations the graters are rathior underutilized by opereting
them for short perinds in order to co-ordinste their output with the

capacities of the other equipment.

The project document for establishing the Cassava Processing Demons-—
tration Unit targetted a deily processing capacity of 2 tons (2:000kg) of
cassavae Models for achieving this level of production are produced in
tables 1 and 2. To process 2 tons of cassave a day using the existing
facilities at the Cassova Processing Demonstration Unit: a model has beecn
drawn up in table 1 taking into considerstion the number of personnel end
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 additional roastérs are installed ¢o
raise the roesting 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 achieved by installing additional roastersy it would be adven~
tageous to raise the processing capscity even beyong this since the
installed capacities of all the ctho: unit operations are in excess of
this requirement. It is suggested thet all capacities are raised to cope
with the grating cepacity of 73bkg/hr. This will raise the capacity of
the plant to handle over 8 tons of casseva daily and make operations much
more econopmically rewerding. To hendle this volume of material there
will be a need to instzll six rore improved stoves however emphasis should
be placed on mechenical rather than manual roasting since the latter will
necessitate the employment of additional staff. Modification work on the
Mechanical roester should therefore be speeded up and when found sstisfac-
tory additionsal models fabricated,



- 18 -

A VCDEL FOR PROCESSING A DAILY BATCH OF 2:000KG OF FRESH

values in the brackets are for the milling by pass.

TABLE 1
CALSSAVA USING THE EXISTING PLANT AT TH® CASSAVA
TPRCCESSING DEMONSTR., TION UNIT
FERCEMNTAGE NUMBER OF
RECOVERY '
UNIT PERCENT/GE | ywITH RESFECT INSTALLED OUTT'UT | DERIOD OF ggRgiggy
OPERATION RECCVERY TO RAW CATACTITY (Xa) OPERATION oUT
MATERT AL (KG/HR) . (HRS) OLERATIO
Cassava - - - 21000 - -
Feeling 7125 71625 376 1,425 5.32 8
Grating (C) o351 .
1e Disg grater A 69.33 734 1’386-§ 1.94 2
2. Drum grater J 1 ' : , ) a "
Permentation 83.7¢ |  58.03 - 1:160.6 36 -
Pressing (9) 89550 % 5704 624.3 2038.8 1.86 2
1. Hydraulic i '
2. Manual (3) . . ; - ”, . 2
Disintegration 98.65 51.24 208.3 1,024.8 k.99 2
Sieving 95,2k 48.80 29k, 65 976 2.60 g
Roasting (C) 57.40 28.01 .
L ° £ 2=C0 .2 -
1. large pan(2) e 13.21 3
2. traditional
ran ) - 2 '
Grading 100,00 28.01 238 56042 3435
Milling 08.11 27.90 380.4 (109.9) | (0.29) 2
Packinging 100,00 27.90 119.5 558 L.67 8
(C) = Combined
The FPercentage recovery against the mil’ing in the table resulted
from the calculetion basing on the fact that 209° of the total graded
gari was milled at a recovery of 98.11%: and its corresponding value
are calculated accordingly.
TABLE 2 A VMODEL FOR T'ROCESSING A DAILV BALTCH OF Z:OOQKG FOR 8HRS
UNIT UIR CAPA- EXISTING CADAT
OPERATICNS CUTIUT (KG) CI%IEEF%KdyaR) CITIES Ke)ﬁﬁ)
Cassava 2: 000 - -
Feeling 1,425 250 376
Grating 1:386.6 178.13 734
Fermentation 13160.6 - -
Pressing 1:038.8 145.08 62,3
Disintegration 19024.8 129.85 208'3-
Sieving 976 128410 394.65
Roasting 56C.2 122 23,88
Grading 560.2 70403 238,
Milling (109.9) 145%09) 386, 5
Packaging 558 69.75 119.5
NB. Only 20% average of the graded geri weg milled hence the
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CONCLUS10N

By installing two more improved stovess the plant at the Cassava
Processing Demonstretion Unit would be able to process 2 tons of
Cassava doily as stipuloted by the project document for establishing
the unite. At the moment he plent cen process an averege of 1.2 tons
of cassava per day. The plant: howevers has a potentiel for process-
ing over 8 tons per day. The levou® of the plant is good and the

working spece provided sround ssch -~ liinc is adequate.

The yield of gari from casseve - 7. time of study was 28 but
this is dependent on certain factors inc’uding the variety of cassava
and its age. The criticel moisture content for the successful roast-

ing of fermented cassava dough into gari was found to be 4k,

The capecities of the various unit operations are not synchroni-
sed hence meterials are not eble to flow smoothly throqgh the plant
if each mechine is operated at its full capacity. During operations,
some machines have to be underutilized before other machines are able
to cope with their outputs. Despite this e build up oﬁ materials
occur during roesting. These discrepancies in the capacities of the
various unit operstion heve to be ratified before the plant can be

operated satisfactorily.



This work study has mede it clear how to eliminate some of the
bottlenecks in the gari production 'inc in order to gewmiter the pro-

duction rate,

Thus since there has not yet becn =ny mechanised means of peel-
ing about 8 more persons could be erploved to increase the overall
peeling rate in order to get the feeding requirement to the graters
(ie especially the drum grater) to avoid the under utilimzation of the

equipment.

A more powerful electric motor could be installed to replace
the existing electric motor in the disintegraters or a bigger model
has to be acquireds to increase its throughput in order to cope with

the higher sicving capacity of the siever.

Concerning roasting there is no other alternative than to install
2 more of the improved traditional rectangular roaster to contain the
rate at which the fermented cassava dough was sieved in order to

increase the production rate.

The packaging staff should he wcre coreful and their work closely

supervised to avoid over—weighing.

The existing equipment layouts with respect to the flow sheet of
gari production could be maintained. Howevers the rossting section
could be relocated for easier access to it in order to economise time

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

The zbove recommendations if implemented would help in the efficient

running of the plant.



- 21 =

APPENDIX 1

PARTICLES SIZE ATALYSES (USING ASTM SCREENS)

Disc Grater

Screen Opening Weight of Samm!- Teight Product of Scree-
Diameter (mm) on Screen (g) Percentage Opening Diameter
) (%) Weight Percentage
2,00 (10 mesh) 8.7 8.7 0.174
0,8 (20 " ) 54,9 54.9 0. 461
0.419 (0 " ) 2.5 27.5 0,115
0.297 (50 " ) 7.9 7.9 0,023
0.178 (& " ) 1.0 1.0 0,002
0.104 (130 " ) - - -
0.0533 (270 " ) - - -
Pan _ - - =

Total = 0.775

« o Average particle size of grated cassava = 0,.78mm

Drum Grater

Screen Op?ni Weight of Se Weight  Product of Screen
Diameter (mm on Screen (¢ Percentage Opening Diameter an’
o (%) Weight Percentage (——
2,00 (10 mesh) 11,90 11,89 : 0.2378
0.84 (20 ") 40,30 40,26 f 0.3382
o.419 (0 " ) 35.60 35.56 0.1490
0.297 (50 " ) 10 60 10.59 0.0315
0,178 (80 " ) 1,60 11.60 0. 0028
0,104 (10 " ) 0.10 0.10 0. 0001
0.633 (270 " ) - - -
Pan - = -
Total = 8.759

. . Average particle size of grated cassava = 0,76mn



Siever
Screen Opening Weight of Sample Weight Product of Screen
Diameter (mm) on Screen (g) Percentage Opening Diameter and
(%) Weight Percentage (mm)
2.00 (10 mesh) 0.6 0.6 0.0120
0.8 (20 " ) 10,00 39.96 0.3357
0.419 (0 " ) 45.3 45.95 0.1896
0.297 &50 " g 122 12,19 0.0362
0,178 80 " Tl 1370 0.0030
0.1040 (150 " ) 0.3 0.30 0.0003
0.0533 (270 " ) - - -
Pan ' = - -

Total = 0,577

%
R}

. Average particle sizexof sieved cassavz dough = O.58mm

i‘.
Bcreen Opfni?g Weight of Sample Weight Product of Screen
Diameter (mm on Screen (g) Percentage Opening Diameter and
(%) Weight FPercentage (mm)

2,00 (10 mesh) 2,9 - 2.90 0,058

0.8 {20 " " ) 41,0 40,96 | 03441

0.419 (k0 " ) 39.4 39.36 0.1649

0.297 (50 " ) 10.3 10.29 0.0306

0.178 (80 " ) 4.5 4,50 0.0080

0.104 (140 " ) 1.6 1.60 0.0017

Pan — = =

Total = 0.6075

. « Average particle size of gari = 0,61mp



. D e
Grader Underflow

Screen Opening Weight of Sam le Weight Product of Sereen
Diameter (mm) on Screen ( g§ Percentage Opening Diameter and
(%) Weight Percentage (mm)

2,00 (10 mesh) 0.3 0.3 0.0060

0.8, (20 " ) 49,6 49.6 0.4166

0419 (w0 " ) 3945 39.5 0.1655

0.297 (50 " ) e 72 0.021L

0.178 (8 " ) 2.5 245 0.045

0.104 (140 " ) o7 0.7 0.0007

0.0533 (270 " ) 0.2 0.2 0.0001

Pan - o =

. « Average particle size of gari = 0.61mm

Grader Upperfiow

Screen Opening h of Szmple %1ght Product of Screen
Diameter ? “Sereen ?ms) Pereengage Opening Diameter and
(%) Weight Percentage (mm)

5.66 (3.5 mesh) 1.7 1.69 0.,0957

2,00 (10 ") 32,6 32,50 0.6500

0.8 (20 v ) 6L, 3 6l 14 0.5385

0.419 L0 " 0.7 0,70 0.0029

0.297 50 H 0.2 0.20 '0.0006

0.178 80 " 0.3 0.30 0. 0005

0,104 (140 % 4.3 0 30 0.0003

0.0533 (270 ") Q.2 0 20 0. 0001

Pan - e =

Total = 1,2886

. « Average particle size af gari = 1,29mm
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