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ABSTRACT

The performance evaluation of a Double Action Sell-Fed (DASF) cassava pecling
machine was carried out at the Federal University of Technology, Akure. The aim was o
investigate the effects of size of tuber (&) and speeds of rotary auger and peeling brush
(1) on the performance of the machine.

Machine and crop parameters such as size of tubers and speeds of operation were
varicd in order to determine their effect on the peeling process. A 10 kg weight of
cassava was fed into the inlet hopper. The speeds of the auger and the rotary brush, and
time taken for peeling were recorded. The weight ol peeled wbers and the peel weight
(plus tuber portion which was removed together with peel). Each experiment was
replicated five times.

Result showed that minimum peeling eificiency of 20%% was observed i class |
tubers of tength between 15-20 cm, whereas a maximum of 90% was observed in class 111
tubers of length between 31-40 cm at the auger:brush speed ratio 1000: 1400, Tuber size
significantly influence peeling efficiency and peel retention at probability levels of 0.001
and (1,003, respectively. The Least Significant Difference (LSD) test revealed that peel
reiention was significantly different between classes | and 111, and classes I of length
butween 21-30 cm and 111, Models fitled, 1o explore the individual and combined effects
ol tuber size and speed on the machine performance, showed that twher size alone
explained about 75%, 8% and 67% of the variations in the efficiency, tuber loss and peel
retention, respectively,

Furthermore, the multiple lincar regression models combining both variables
{tuber size and speed) significantly influence machine performance with & of 0,945 for
efMiciency and 0,941 for peel retention, The economic analysis of DASF revealed thai
about # | HH) could be saved per ton of cassava over manual peeling. This study provides
uselul information for design modifications. which would improve the performance of

automated peelers.
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NOMENCLATURE
M, = weight of sample, kg
M. = weight of peel collected through careful peeling, kg
P = proportion of peel by weight in the root
M;, = weight of cassava before machine peeled, kg
M= weight of tuber after machine peeled, kg
My = weight of peel remaining on the tuber afler machine pecled, kg
M, = weight of completely peeled tuber, kg
M = weights of peel plus tuber removed by the miachine, kg
My, = weight of peel collected through the peel outlet of the machine, kg
M, = weight of peel only, ke
My weight of tuber portion removed by machine along side with peels, kg
i peeling efficiency
L= tuber loss
J = pee] retention
8y 82, §3= speeds ratio of operation, rpm
= tuber size, cm
= brush speed, rpm
M, = model constant
f-= coefficient of the variables
%, = explanatory variates (n = 1-3)
L513 = Least Significant difference, S = Standard deviation

ANOVA = Analysis of variance
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CHAPTER ONE -
L INTRODUCTION 7 o it
Cassava (Manihot esculenta Crantz) is a perennial shrub grown H}' |;|I:||1[IJ|1|__I i
cutting from the mature stem. It is a crop tolerant of drought and infertile soils and can
pmdubc tobers as from 5 months, depending on the variety. s processing is
becoming a daily affair in Nigeria where the crop has been adopted as a major staple,
sSeveral unit operations have been mechanized successlully, However, pecling

remains a global challenge to design engineers. This is due to variations in

physicomechanical properties of cassava, which are borne out of the existence of

many cultivars of cassava, and variation in climate as well as the cultural practices
employed in the production of the crop. To this end [ITA in conjunction with the
Federal University of Technology, Akure initiated the search for an effective cassava
peeler in 2005,

Peching which is defined as “to strip off the skin” 1s an important operation in
the processing of any tuber or root crop. Cassava peeling mechanization has come a
long way from the conventional knife to modified kniles: to the more recemt

agtomaled cassava peeling machines. However, the challenges of cassava pecling are

still scaring.

1.2 Existing Pecling Machines

Different researchers and industries have come up with different prototype
models of mechanical peelers. A continuous cassava pecler was developed by
Odigboh (1976). It consists of a cylindrical knife assembly and o solid cylinder,

mounied parallel and 20 cm apart on an inclined (rame. The tubers are cut into slices



and introduced through the feed channel. The two cylinders are rotated clockwise
different speeds with the knife assembly rotating at a higher speed. The tuber picces
rotate and the knives on the knife assembly progressively peel them as they move
down the inclination. The throughput rate averages 18 ke/h but the rate depends on
the size of roots. Odigbaoh (1983) further presented a modified version of a conlinuous
cassava peeler, which operates only with cassava roots cut into [00mm long picces
and mntroduced lengthwise through a feed channel. He claimed a peeling efficieney of
5% at 135 kg,

lgbeka (1985) recommended the use of abrasive belt in a continuous cassava
peeler. It operates with cut tuber slices and requires that the slices be near circular in
shape. This same method was also reported by Ezekwe (1975),

In France, Bertin Limited has built a cassava-peeling machine (Martin, 1985),
Its capacity is claimed to be 350 kg/h of tuber. The tuber is first sliced into four cqual
longitudinal quarters in a slicing machine and each slice is introduced, with the peel
side up, into the peeling machine. CEEMAT is also working on this machine (Jory,
1989) and has a lower capacity (about 200 kg'h).

Another peeler, a batch process cassava pecling machine was developed by
digboh (1979). A cylindrical drum with abrasive mner surfaces was eccentrically
mounted on a shaft and the eccentric movement of the eylinder causes the tuber 1w
rotate and tumble thus peeling the tubers. The modificd model. that is the evlinder
was replaced with an eccentrically mounted drum, which is rotated at a low speed of
40 rpm, and as it rotates, water is sprayved unto the tubers. This causes complete

peeling of the tubers due to the abrasive action against the inner surfaces of the drum



with pegligible loss of useful tuber and hard trimming was virlually eliminaed at
about 180 kg'h throughput irrespective of the size and shape of whber.

Makinde (1985) developed a peeler for yam, which can be adapted for
cassava. The pecler consists of a hopper for the yams, a platform for feeding the yam,
the peeler dise and & power transmission source (bicyele or pedal operation using
chain and sprocket arrangement). The peeling mechamsm consists ol lour peeling
blades, peeler ring and peelers drum. The wooden hopper is loaded with yam tubers
and some of these tubers are placed on the platform for easy reach of the eperator
during the operation of the machine, The operator selects yam tubers from the wooden
platform and dircets its pointed end towards the peeler. As the operator pedals, the
peeler drum rotates and the yam tuber comes in contact with the abrasive surface ol
the blade and peeling commences. The yam tuber moves linearly due o pressure
exerted by operator while rotation of the peeler drum and subsequently peeler nng
causes the yam to rotate. The arrangement of the four blades of the peeler is such that
5 mm of the yam’s skin is peeled in each revolution of the peeler ring,

Odesanmi (1988) designed a batch process abrasion cassava peeler. |he peeler
consists of a drum eccentrically mounted on a shafl rotating at 40 rpm. Two abrsives
were used independently viz: - glass and expanded metal to determine the peeling
effect on cassava roots.,

Ohwoveriole ¢f al (1988) developed a preliminary design [or o continuous
process cassava tuber peeling machine based on the principle that if & cut 15 made on a
tuber and the peel is held down or fixed, then the whole peel would “unwind™ as the

tuber is rolled especially when it is fresh. The machine consists of a hixed outer



frustum of a cone, which is made up of a small circular end plate, a big circular ¢nd
plate and a rotating inner cylinder,

sherrif ef af. (1995) evaluated a eassava peeler developed wt Tamil Nadu
Agricultural University {TNAL); Coinbatore has developed a nine-guintal per hour
capacity cassava peeler. The TNAU model cassava peeler comprised ol a rotor of 25
em dizmeter and 30 cm length, The cutting blades, which scrape ofT the wber surface
during its operation, have been mounted along the circumlerence of the rotor with a
blade angle of 50", However, the performance of the machine was in gencral, high
pecling efficiency was associated with high tuber loss. The capacity. the peeling
efficiency and peel retention were claimed to be 549 kg, 39.33% and 0,372
respectively.

Ayeni (2000) developed a rotary drum cassava peeler that consists ol o drum
ecoentrically mounted on a shafl. Louver glass was used as an abrasive to achieve the
peeling, The louver glass were held tightly 1o a galvanize platc with araldite and plates
closely tightened o the drum by screws and nuts. A centrifugal pump with constam
pressure and water flow rate is fitted to one end machine and connected 1o a senes ol
Jets arranged along skin and adherent din,

Akintunde (2002) designed and fabricated a machine 1o peel cassava tubers W
a depth of 3 mm. It is electrically operated and the peeling operation is bath process
The machine is loaded before the electric motor is started and the machine is operated
using the abrasive peeling mechanism while the power is transmitled through beli-
pulley mechanism. The machine consists of two abrasive eyhinder drums (the inner
drum having an abrasive outer surface while the outer drum has an abrasive mner

surfuce), a shaft for rotating the drums, and a frame on which other components are



mounted. The [rames on which the drums are mounted are ot an angle o the
horizontal. Akintunde (2002) reported an average peeling efficiency of 83.0% and

average tuber loss of about 5.38% for the machine.

I3 Trend of Cassava Peeling Machine Development at the Federal University
of Technology Akure

Olukunle and Adesina (2004) developed a hand fed cassava pecler in the
Agricultural Engineering Department of the Federal University of Technology. Akure,
Ondo State, Nigeria. It uses abrasive brush (Figure 5, Appendix 1), 120 mm diameter,
|50 mm long mounted on a 25 mm shaft, The machine receives power from a 5 hp
Honda petrol engine rotating at 200 to 3000 rpm. It consists ol a protective hood o
prevent splashing of dust and peels on the operator. The hood serves as a guide to
direel the peel into the delivery chute. The machine drive system consists of bell-
pulley mechanism with a speed ratio of 1:1 between the drive and the driven pulley,
However, variation in speed can be achieved by throttling the engine. The cost of the
machine was estimated at 750 US Dollars. The machine has a capacity of 8 tons/day
and performs the dual role of peeling and grating.

An improved model on the above called model A and B was further developed
by the same author by incorporating an automatic tuber feeding system. The machine
was tested under various crop, machine and operational conditions. The machine was
first demonstrated at the Intermational Institute of Tropical Agriculture (1T A ), Thadan
The result shows that the peripheral speed of the brush influences the peeling
efficiency greatly for all tuber sizes. The higher the peripheral speed, the grenter the

peeling efficiency within 500 to 1500 revolutions of the peeling brushes per minute.



Beyond this range, resident time of tuber within the chamber and clearance between
the peeling brush and the guiding brush have significant effect on peeling efficiency,
Auger speed and resident time of tuber in the chamber are inversely relawd, The
higher the auger speed the lower the resident time of wber in the chamber, At 50 rpm
auger speed, pecling efficiency was highest for all variations in brush speed. Thus, it
is desirable to keep auger speed low which in turn increases tuber contact with the
peeling brush, However, the author observed that the major problem with the design
include poor contact with pecling brush for tubers less than 10 cm in Jismeter,
adjustment of peeling chamber not feasible during machine operation and optimum

resident time not yet obtained.

Furthermore, Olukunle ¢f af. (2005) did an appraisal of two madels of hand
led and two models of self fed cassava peeling machines. This was done i order 1o
determine the strengths and weakness of the previous designs. Particular attention was
placed on the global trend in the development of cassava/tuber pecling machine.
Further improvement was done on the existing models of the sell-fed cassava peeling
machine. Major area of improvement include, increase in the length of the pecling
brush from 30 e¢m to 100 ¢m and automatic adjuster for a range of cassava wher sizes.
The machine, model C (Figure 6, Appendix 1) was also tested under various crop,
machine and operational conditions. The effect of brush tyvpe. speed and orfentation
on ciliciency of the peeling process was determined. The result of the project wis
mtended to serve as a basis for the commercial production and wtilization ol cassava
pecling machines.

The increase in brush length and hence the resident time of tubers wathin the

peeling chamber infleenced the peeling process remarkably, The outer layer was

§]



completely removed in one pass of the twbers through the pecling chamber, This
represents an appreciable improvement on the previous designs as well as on some
machines presented by some fabricators at the Inernational Institute ol Tropical
Agriculture, Ibadan, During the testing and performance evaluation of the machine,
tubers were presented as cultings of 20 to 25 em long and at three different ranges of
diameters as less than 8 cm, between 8 to 10 em and greater than 10 cm. this was done
to  reduce or eliminate pronounced bends commonly lound in cassava tubers, The
three categories into which the tubers were divided also aided faster pecling process
since the tuber monitor could be adjusted only thrice. each time 1o handle a specific
guide of cassava tubers.

Resident time of cassava tubers in the peeling chamber was between 5 1o 15
seconds with this design. It was discovered that resident time of wbers in the chumber
influenced  peeling  efficiency but not independently of other parameters. A
combination of resident time/ auger speed and other parameters became desirable 1o
obtain optimum peeling efficiency. Auger speed of 50 1o 150 rpin resulted in peeling
efficiencies of between 70 to 92% at various peripheral speeds of the pecling brush
While 1t is desirable (0 reduce auger speed for higher peeling efficiency, greater
challenge of adequate machine capacity arpse. In the attempt to synchronize auger
speed and brush speed to optimize the process. it was discovered that brush speed of
1000 10 1400 rpm and auger speed of 100 10 200 rpm represent Teasible ringes of
specd. However, tuber size would not significantly alfeet the pecling process when
lubers have been graded approximately into correct sizes. Maximum machine capacity
was | 000 kg'h compared with 23 kg'h recorded during manual peeling Alude (2003)

and 500 kg'h for hand fed peelers,



Despite the advantages posed by the above models of cassava peeling
machines viz: - elimination of manual intervention during the peeling process, overall
reduction in drudgery and also increase in capacity, Further improvement was made
on models A, B and C by the same author in order o enhance pecling ellicieney amd
mcrease maching capacity. This new model, Double Action Self-Fed (DASF, Figure
1} provides a dual tuber path and specific peeling adjustment for a range of whers,
The major advantage is that fewer adjusiments would be reguired durimg muchine
operation,

Meanwhile, significant improvements have been made in mechanizing cassava
peeling operations, from the manual peeling tools 1o the more sophisticated sutomated
cassava pecling machines. The double action cassava peeler which won the award of
the ‘most improved cassava peeling machine’ scem to be in the vogue amonyg the

emerging technologies in the area of cassava peeling mechanization.

13 Jdustification of the Project

The process of manual peeling has been observed as tedious and time
consuming, especially for large-scale factory operations as prevalent in starch
extraction. Also since the process 1s energy consuming and can leads w hinger mjury
There is therefore an urgent need for the operation to be done mechanically, Although
cassava peeling constitutes a major bottleneck in cassava processing, the increase in
cassava vield made it important to develop a time and labour-saving technology lor
the peeling of cassava. This challenge is more urgent than [urther increase m cassiva
yield, However, several machines have been developed o peel cassava mechumcally

{Olukunle et al., 2005; Ayeni, 2000, TNALU, 1989; Odesanmi. [988: Nwokedi, 1084;



Odighoh, 1976; 1978; Cruz ef af, 195%; cic) but these have not solved the problem
completely.

In other 1o meet the needs of cassava products required [or human
consumption by industries and still be economically viable, An effective and efficient
cassava peeling machine should accommodate the larger varictics n tapers, shapes
and sizes of the tubers and should remove all the peel with minimum tuber loss. Also,
since there is urgent need for such cassava peeling machine there is need o evaluale
the existing one in other 1o determine its suntability for market and urgently adapt,
construct, and diffuse it w farmers so that spoilage of harvested cassava roots alier

harvest can be reduced to minimal level.

14 Objectives of the Project
1 To evaluate the performance of o Double Action Scli-led (DASE)
cassava peeling machine in terms of the efficiency, tuber loss and peel
retention,
2 To investigate the influence of tuber size and brush speed on machine
efficiency using simple statistical models.

3 To determine the economic viability of the machine.

Y



CHAPTER TWO
3 LITERATURE REVIEW
41 Brief History of Cassava
Starchy root erops and tubers, including cassava, yam, sweet potato and 1rish
potato, provide cheap and readily available sources of calories for much of the
world’s population. The cassava plant has been classified botanically os Manifun
utilissima Pohl of the [amily Euphorbizceae. In recent publications. however. the

name Manifrot esculenta Craniz is being increasingly adopted.

Cassava and sweet potato are the most important reot crops in the developing
world, with a combined total annual production ol around 300 million onnes and
cassava provides over 70 percent of the population’s daily calorie intake in some part
of sub-Saharan Africa (Azan-Al ef al, 2003), especially in the tropical areas ol
Africa, Asia and Latin America, as well as source of carbohydrates in animal feed
production (chips and pellets) and industrial raw materials such as starch and alcohal

(Agbetoye, 2003).

Bokanga (2002} reported that cassava is the fourth supplier of dictary energy
in the tropics (after rice, sugar and maize) and the ninth world-wide, lis cultivation
and processing provide household [ood security, income amd  emplovment
opportunities for 500 million people in Alrica, Asia and the Americas. The crop is
lolerance of low seil fertility, drought and most pest and discases with no enitical dite
of harvest, which make cassava a crop of primary importance lor the food securny of
farmers living in fragile ecosystems and socially unstable environments {Bokanga,

20602},

iH



Cassava is one of the major food plants first domesticated by American
Indians. Agboola (1968) hypothesized that the introduction of cassava in Benin and
Nigeria was either in 17" or 18" century. This introduction of cassava was [from
Brazil and West Indies w Southern and Eastern Nigeria (Ikpi and Lahn, [989; Carter
ef af., 1997). The Igbo migration was an important dilTusion mechanism especially in
the Eastern States of Nigeria because they have been in contact with cassava since ils
inroduction at Owerri in the 17" eentury (Aghools, 1979). Cassava has hecome the
most widely spread crop in tropical Alrica (BalTlowr, 1978) while its spread in Nigenia
was most rapid during the 20™ century due to the encouragement ol the government.
Since its introduction into African continent, cassava has become one of the dominant
starch staples, particularly in the humid lowlands where it provides over 50 percent of
the local diet (de Bruijn and Fresco, 1989}, In Southern Nigera, i1 has o consumiption
ol aboutl 20 million tons per year and also accounts for over S8 per cent of the caloric
intake of the populace.

In the early 1960s, Africa accounted for 42% of world cassava production, in
the carly 1990s, Africa produced half of world cassava outpul. and because Nigerio
and Cihana increased their production four fold (Nweke, 2004), Nigeria has heen the
world's leading cassava producer in the world since 1991 (FAO, 2001; Nwcke. 2004),
Nweke (2004) reported that the dramatic increase in cassava prosluction oceurred in
Nigena from 1984 1o 1992,

Cassava is a good source of carbohydrates in the diets of the southermn regions
{lgbeka, 1985), It 15 a perennial shrub grown by planting a cutting from the mature

stem. 1L is a crop tolerant of drought and infertile soils and can produce tubers as froin



3 months, depending on the variety, These attributes have earned it o reputation as
“farmer reserve crop™ (Cock, 1985).

It is estimated that 164 million tons of cassuva roots were produced in 1993
(FAOSTAT, 1997). Slightly more than half of that amount was produced in Africa,
and the rest in Asia and Latin America. Cassava is a staple food in tropical countries
and provides more than 10% of the daily dietary calorie intake to about 300 million
people in African countries and Paraguay,

Despite its importance, cassava is mostly grown by small Farmers on small
plots of land. Urban consumers and factories obtain their cassava from rural arcas
where it is grown. Cassava is usually processed immediately after harvesting because

itis highly perishable,

21 Uses of Cassava
221  Cassava as household food security

Cassava becomes the main source of calories in the diets of rural consumers,
Farmers plant local varieties with low genetic potential and achieve low yields. In the
rural food staple stage, cassava yvields are low, around 10 lons per hectare production,
harvesting, and processing tasks are carried oul manually and farm  houscholds
consume most of the output, (Nweke, 2004). Cassava is consumed mostly as dricd
roofs and cassava leaves are the main vegetables in rural diets. In the urban food
staple stage, cassava is primarily produced and processed ns o cash crop lor sale in
urban markets.

About 80% of the world's cassava production is produced for human

consumption {Chan, 1983), Bokanga (2002} noted that the average Nigernan meels



about 95% of the minimum energy requirements mainly from cereals and roots and
twbers, followed by grain legumes, Cassava is Africa’s sccond most important staple
food, after maize, in terms of calories consumed {MNweke, 2004). lts high vield i poor
soils und ability to stay in the soil for periods after maturity make cassava an
imporiant food security crop in low-income countries (de Bruijn and Fresco, 1989). It
15 caten as food in many [orms swch as *Fufu', *Tapioca', “Garri®, ‘Pupuru’, and
‘Abacha’ and cassava flour, The tuber may also be roasted or boiled Tor consumption
(Balllour, 1978). lts starchy roots are a major source of calores for more than 200
million people worldwide (Cock, 1985), and it s also one of the most eflicient
calories producers of all crop, supplying up to 250 kilo calories/hakp (Coursey and
Hayness, 1970). *Gari” is very popular in West Africa and is a staple Tood in Nigeria,
Ghana and Togo, Its ability o store well and its acceptance as o “convenience”™ food i
responsible for its increasing popularity in the urban areas of West Africa and Central
Africa (IITA, 1990 and FAO, 1990). It is often consumed as the main meal in the
form ol dough or @ thin porridge. Both are prepared in the houschold by mixing dry
*gari” with hot or cold water and cooking and served with soup or stew, “Garl” is also
eaten as snacks when mixed in cold water with sugar, and sometimes milk {Agbetoye
ef al,, 20067,

Cassava leaves are rich in protein, and are consumed as a vegetable in Zaire,
parts of central Africa and some Eastern part of Nigena (Sarma and Darunze. 1991).
The protein level is however low in the fresh roots and s further decreased by

processing (Cock, 1985).



Table It Average Composition of the Cassava root (common varieties al harvest time)

“Com position Percent (%)

Moisture 7025
Starch '21.45
Stgars 5.13
Protein 112
Fats 0.41
Fibe R
Anli (.54

' Bitter varieties usually average about 30% starch content. Suurce *f Grace [977)
2.2.2  Cassava as animal feed

Akoreda and Arewa (1989) reported thal cassava could be used os livestock
feed for animals. It can be fed raw or boiled 1o pigs and other herbivorous while the
leaves may be eaten as vegetables.

Spore (2005) reported that in Africa, less than 2% of cassava is used 1w leed
animals, compared with 30% in Latin America. In Cameroon, researchers estimate
that poultry farmers could cut production costs by 0% if they used cossava as pan of
their chicken's diet. On a global scale, animal feed represents the main vutlet for

Clssavi.

223 Cassava as indusirial raw material
There are many industrial uses to which cassava lends itsell. Cassava is used
in the baking and confectionary industry (Basorun and Avoade, 1996), the extile

indusiry; and the paper industry and for the production of high quality adhesives and
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aleohol in the pharmaceutical industry. Wighodus (1984) reported that cassava was

[irst used as medicine for the cure of tuberculosis in Benin,

L3 Mechanization of Cassava

Cassavir 15 grown on small plots in most of the tropical world however, in
some countries such as Nigeria and Brazil large plantations are springing up with
growing interest in mechanization. Grace (1977) reporied that the degree of
mechanizalion depends on the amount of land, available labour in the arca and general
policy regarding the use of manual labour. However, other factors such as land tenure
systemn, capital, ete., influence degree of mechanization,

The use of machinery for land preparation is preferable to manusl labour 10
ensure the best possible seed bed for tuber development. Subsequent vperations of
planting, weeding, topping and harvesting can be done by hand as well as by
machinery, The peculiar nature of the cassava crop presents a numbcr of problems as
regards mechanization, but it has been successfully mechanized 1o a degree in some

couniries.

24 Varieties of Cassava

Although cassava is an established commercial crop in many tropeal countrics
and hundreds of vareties are in existence, little is pgenerally known ol the
nomenclature and identification of varieties. Varieties are usually dilterentiated from
one another by their morphological charactenstics such as colour of stems, petioles,
leaves and tubers; maturing time, shape and size of tuber; and yield. There are also

cultivars and varietics described by the nutritive content of the tuber; the resistance of

15



the plant to certain diseases and weeds or the climatic and nutrdent requirements
ncluding fertilizers for maximum yield of the plant. Moreover, in many instances the

same varicty is known in various places by a number of names.

Grace (1977) reported that the numerous varictics of cassava are wually
grouped in two main categories: Manihot palmata and Manihot aipi, or bitter amd
sweel cassava, This grouping is a maiter of economic convenience, as it is difficult 1o
distinguish the two groups by botanical characteristics, Iowever, the distinetion
between them rests upon the content of hydrocyanic acid, which couses toxicity in the
roots. This toxieity is not a varety constant but varies from place w place: all
cassavas are now regarded as vaneties of Manihot utilissima, and in cerain
circunistances @ "bitter" variety may become "sweet” and vice versa. Hydroeyanic
acid content tends to be higher on poor soils and in dry conditions. According (o the
recopnized classification, sweet or nontoxic roots contain less than 50 milligrams of

hydrocvanic acid per kilogram of fresh matter.

Al one time it was thought that the toxicity ol a cassava rool was associated
with species or variety, but the hydrocyanic acid content was found to vary markedly
with growing conditions, soil, moisture, temperature and age of the plant. Cenan
varielies in Affica, for instance. were found to be innocuous in Dahomey and
poisonous when grown in forest soils in Nigeria.

Nweke (1996) and Bokanga (1994) classified cassava varielies aceording 1o
the levels of eyanogenic glucosides (hydrocyanic acid, HUN) in the root and leaves.

# Cassava with low HCN level: ie. less than 50 my per kilogrmme

fresh weight e.g. TMS4 (2) 1425, TMS30001,

G



+ Cassava with intermediate levels of HCN: Le. ranging between 50 and
100 mp per kilogramme fresh weight, c.p. TMS30572, TMS30555.

# Cassava with high HCN level: i.e, 100 mg per kilogramme [resh
welght or more, el TMSSIISS The irvested e e Togest ol
savannall ecologies ol Nigerin are the bitier hugh evamde contmimmng

virlelles.

2.5 Harvesting ol Cassava

Harvesting of cassava can be done throughout the vear when the roots reach
maturity. Maturity differs from one variety to another however; the harvesting of
cassava is largely accumulated enough starch, The food guality of roots, particulary
the starch comtent, increases with tme up to an optimal period of 12 w 15 months
after planting, after which there is a loss of quality, mainly due to increased
lignifications, which causes the roots o beeome tough and woody (Bokanga, 2002;

IITA, 1990; and Grace, 2004).

Harvesting of cassava root is usually done by hand. The plant 15 wsually cul
down at about 30 to 50 em above ground to facilitate lifting. The protruding stem is
used to It the roots out of the ground. While lifting, care should be taken not 1w break
the roots, as this will lead to losses if broken roots are not retrieved from the soil and
also to contamination that may evolve into spoilage. Mechanical harvesting of cassavi
5 dilTicult because of the non-uniform geometry ol the roots o the ground,
Nevertheless a few cassava harvesters have been designed and some are in operation,

mastly by commercial [armers,
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26 Yield of Cassava

Output varies greatly between regions. Nnodu (1997) reported that when
cassava is grown by traditional tropical methods, vields lie between 5 and 20 wns per
heclare, varying with the region, the variety, the soil and other factors, When the ¢rop
i given more atlention, yields of 30-40 tons per hectare are obtained. But it is normal
for sume varieties, under appropriate cultivation methods, 1o yield over 60 tons per

heclare (Nweke ef af, 2002).

L7 Processing of Cassava Tubers
7.1  Why processing cassava?

The operations involved in the preliminary processing of the various lorms or
products of cassava include washing, peeling and size-reduction, drying and malling
generally. The sequence of these operations commences soon as the roots are
harvested, This 1s because cassava roots deteriorate within few days afier harvest with
the anset and rate of deterioration varying between cassava varetics {Wenham. [995],
Some varieties deteriorate within 24 hours of harvest while some can be left a1 room
temperature for 7 to 11 days (Boote, 1976),

Cassava deteriorntes in quality scon after harvest, and this damage s
ageravated when tubers are bruised (Agbetoye, 2003). They start deteniorating within
2 to 3 days, and rapidly become of little value for consumption or industrial
applications (Bokanga, 1995), The deterioration can either be a discolouration of the
cassava root tissue as a result of wounds and bruises caused by mechanical damage
the roots during harvest (Wenham, 1995) or infection of the wounds and bruise by

micra-organism (Ingram and Humphries, 1972). Clarke (1987) observed that cossova

18



must be processed or consumed within 48 hours, The tubers are usually bulky and
heavy which makes transportation and storage very difficult and costly. Another
reason lor processing cassava tuber is the hecause it is o scasonal erop, harvest 1o
extend its shelf life, to increase the palatability of cassava and also 1o decrcase its
cvanogenic potential (Bokanga, 19935). Lancaster ¢f al., (1982) reported that a great
diversity of processing methods are found in the various parts of the world where
cassava is consumed and these methods result in the production of a wide variely of
food products, Methods of processing cassava range [rom simple methods such as
boiling or roasting for sweet cassava varietics. o complex methods ol lermentation
d o produce food from bitter varicties of cassava (Coursey, 1973). The extent of
removal of cyanogens or reduction in eyanide level from eassava roots by different
methods of processing varies (Lancaster ef al, 1982),
However, cassava can be processed into several storage products i Nigeri s
listed by RAIDS/AFAD (1991) which include cassava {Tour, gari, lafun, fufu, pupun,

abacha, dried cassava chips/pellets and other industrial products like starch and

abeohol,

272 The steps invelve in cassava processing

The first step in processing cassava roots is often (o remove the peel. this
result in a great reduction of the cyanogenic potential of the raw material, becouse the
peel represents about 15% of the weight of the root, and its cyanogens content is
usually 5 to 10 times greater than thal of the root parenchyma (Bokanga. 1993).
Processing cassava into storable and cconomic products invoelves different

combinations and sequence of two or more of a number ol processing steps, This
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includes; washing, peeling, splitting (i.e. chipping or slicing), pulping (i.e. crushing,
grating or grinding), steaming, water cxpressing or dewatering, fermentation,
pulverizing, sieving and roasting. Some work has been done on mechanizing the
processing of cassava tubers by Odigboh and Ahmed (1982). Mechanical pecling ol
cassava constitutes a major bottleneck in the processing because of bewildering
varicly of shapes and sizes, However, peeling of cassava is normally done manually
by woman and teenage girls, using knives. The rate could be as high as 350 kg per day
ol 8 hours per person (Igheka er al., 1992). The process is slow and labour intensive.
Also, manual peeling is often time wasting and energy consuming which imvariably

leads o low productivity,

273 Losses and labour requiremenis in cassava processing

It has been established that the post-harvest sysiem ol cassava reguires more
labour than most other staple erops (IITA, 1996). One hectare of cassava contaming
10 s of roots (the average vield of Africa) needs approximately 721 man-hours o
harvest and process: of this labour, 212 man-hours are needed lor harvesting, 156 for
handling, and 353 for processing.

The Collaborative Study of Cassava in Africa (COSCA) has shown that in 67
percent of cases, cassava processing activities were carried out by women only
compared to 6 percent of cases for men only. Women along with children participated
in another 19 percent of cases, and in 6 percent cases women worked alongside men.
This represents 92 percent participation by women in cassava processing (Nweke,
1994}, However, the numbers of men involved in cassava processing increases as the

opporlunities for commercialization increase (Ugwu and Ay, 1992), Although men



ar¢ seldom involved in cassava processing operations, they tend o perlorm more ol
the heavy-duty farm operations. It was observed that as mechanized processing
equipment (such as graters and mills) is acquired, men’s participation in cassava
processing tends to increase, since they often control and operate these machines, i
appears therefore that gender role in cassava processing tends o change as processing
becomes more mechanized,

With such o large number of processing steps, the opportunitics for lood loss
in the whole system also become numerous, Major losses oveur during processing
(22.3 percent), harvesting (13.6%) and handling (8.5%). Harvesting losses are ligher
during the dry season because it is more difficult to dig; roots break and remain in the
soil, The size, shape, hardness, moisture content and the type of equipment used aflect
the processing cfficiency. Recently, IITA has assembled a technolopy package lor
cassiva processing in rural areas (HTA, 1996}, The package, which is i the lorm ol 4
village processing centre, conlains a chipping and grating machines, a pressing
device, a mill, a gari fryer and sifters. Such package has tested and found o reduce
focd losses during cassava processing from 22.3% 1o 1{.1% and labour input from

295.2 man-hours to 87.6 man-hours per 10 tons of cassava roots.

A74  Machinery for processing cassava

The products derivable from cassava are enormous. So also is the machinery
required 1o produce them. The machinery required for processing cassava depends on
the types of product required. Agbetaye (2003} listed some of the vanous machines
required for processing raw cassava tubers into its products as pecling machines;

wishing machines; grating machines; chipping and  pelleting muchines, presses
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(hydraulic and screw) for dewatering cassava mash; garifriers; sifters: pulvenzers;
dryers; starch extruders; etc.

Various machineries have been designed io aid the large scale processing of
cassava, They include graters (Akinyemi and Akinlua ¢f af, 1999); peeling machines,
dewnlering presses; sifters and pulverizes for dried cassava mash and garifriers
(Odigboh, 1983; Odigboh, 1982). Local fabricators produce some of these machines,
The international Institute of Tropical Agriculture, ITA, Ibadan are producing some
cassava processing machines on commercial bases, They include grsters, clippers and
dewnlering presses. Agbetoye (2003) reported that the Alvan Blanch Corporation of
England has produced some gari processing machines (fryers), which have been used

at the Federal Institute of Industrial Research, Oshodi (FIIRO).

28  Mechanical Pecling of Cassava Tubers
2481 Peeling of cassava

Cassava come in 8 bewildering vanety of shapes and sizes, henee the only
means of peeling the stuff at the village level is by hand, using a knife to remaove the
thin outer layer of the tuber; the process is slow and labour inlensive, averagmg 25 ky
per muan-hour, but it gives the best result, The women on the lTarm usually do the
traditional processing of cassava. This opportunity cost of labour i certainly Tor most
women a function of timing, The processing cost of lurge quantities of cassava may
therelore become prohibitive if it places greater demand on lfemale labour. Also
manual peeling is often time wasting and energy consuiming which imvariably leads 1o

low productivity, If any cassava peeling machine designed lor smallholders can be
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identified it should be urgently put to on-farm test with a view to adapt, construct, and
diffuse it to farmers,

Cassava peeling constitutes a major bottleneck in cassava processing. The
increase in cassava yield has made it important to develop a time and labour-saving
technology for the peeling of cassava. This challenge is more urgent than lurther
increase in cassava yield. However, to meet the needs of eassava products required for

human consumption by industries and still be economically viable.

282 Metheds of peeling cassava

Igbeka (1985) reported five methods of peeling tubers as follows:

¥ Chemical peeling machine: tubers are soaked in a chemical solution and
washed with water spray or wiped off mechamically, The danger of
chemical contamination of the tubers makes it unsuitable for human
consumption,

¥ Steam pecling machine: the wwbers are introduced to o chamber where
sleam held under pressure is used to peel the wbers. This method 15 very
expensive and requires a highly skilled operator.

¥ Belt conveyor pecler: cassava tubers are cut into slices, and placed on a
conveyor (which has blades). The peel is removed through the action of
the rotating abrasive surfaces.

v" Abrasive cylinder peeler: the tubers are loaded into a vertical cylinder
and covered. The peels are removed by the rubbing action of the peels on

the abrasive {inner) surface of the eylinder, This system is casy o operale.
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v Rotating blade-mounted peeler: the tubers are fed inoa rotting ring.
which has spring loaded blades fitted 1o i The feeding mechamsm s
reciprocating bar designed to push the tuber through the pecler at a pre-

determined rate.



CHAPTER THREE
30 MATERIALS AND METHODS : .
31  Cassava Varicty g "t
The cultivars used for the experiment is the ITTA s new high-yielding Tropical
Manioe Selection (TMS30572) variety with pest and diseases resistant ability {Adna e/
al., 2004). This variety is common to local farmers in most West African countries
especially Nigena and Ghana (Oguntunde, 2005), Thus, the cassava tubers used lor
the experimentation were oblained from a local farm in Akurc, Nigeria, |he
parameters used to evaluate the performance of DASE were the pechng elliciency.

tuber loss and peel retention.

31  Deseription of the Machine

The DASF cassava-peeling machine (Figure 1) was the result of further
improvement on models A, B and C (Olukunle and Ademosun, 2006} in order 1o
enhance peeling efficiency and increase machine capacity. This machine provides a
dual tuber path and specific peeling adjusiment for a range of tubers. DASE cassava
peeling machine consists of two conveyors arranged in parallel, two rotating brushes
(Olukunle and Ademosun, 2006) 60 cm long mounted 90" on the auger conveyors,
tuber inlets and outlets, tuber monitors, a protective hood, frame and transmission

SVELem.



Figure |: The Double Action Self-Fed (DASF) Cassava Peeling Machine
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The machine impacts rotary/lincar motion on the tuber, which also makes contact
willi. the peeling brush and thus provides the required pecling effeet on the wber. The
rotary power for the auger and the pecling brush is obtained vin o belt-pulley
mechanism connected to a power source (7 hp Honda petrol engine). Tubers are fed
into the two inlets simultancously and the machine effects pecling on the wbers, The
resident time is governed by the auger speed and the slippage provided by the
combine action of the auger, the brush and the wher monitor on the twber. Auger and
brush speeds have been synchronized from previous designs such thm a
predetermined speed ratio between the auger and the brush s obtained by throttling
the power source. Most of the components having direct contact with tubers are made

of stwinless steel/galvanized steel in order to avoid food contamination,

321 Design considerations of the macline

In order 1o obtain high efficiency and reliability, the machine was designed
bascd on the following considerstions (Olukunle and  Ademosun, 2006). The
equipment should:

I be relatively cheap and be within the buying capacity of local farmers,

2 be able to peel different varieties, shapes and sizes ol cassava,

i be made with readily available materials,

4. reduce the labour input in traditional methods of peeling,

3, have higher capacity compared to manual operations,

0, be simple to operate and maintain by local farmers who do not bave any

Formal education.
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33 Classilication of Tubers

Tubers used for the experiment were classified into three (1, 1 and 1) Tablel.
The major diameter (length) and the intermediate diameter (thickness/diameter) were
considered criteria for classification, The classification was used lor proper clearance

setting of the inlet and the outlet of the tuber momtor,

Table 2: Classification of tubers

Tuber monitor clesrance (em)

Class Length (em) Width (em) Il N {htle
T 15-20 5.0-6.0 5.5 B 43
Il 21-30 6.0-7.5 6,5 5.5
1l 31-40 7.5-8.0 8.0 7.0

34 Traditional Pecling of Cassava

Two methods of traditional/manual peeling were carried out: - Normal and

Carelul peelings.

4.1 Normal peeling
36.5 kg of cassava tuber were taken, divided imto live and pecled manually
The time taken to peel the tubers and weight of peel and flesh removed were taken

and recorded.
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342 Carcful peeling

35 kg of cassava were peeled carefully withoul any loss of uselul wber while
removing the peel completely. The values obtained were used w0 determmne the
propartion by welght of peel ' in the rool, using the relation:

M.,
= il

M,
Where M. = weight of peel collected through careful peeling

My =weight of sample

35  Mechanical peeling

To evaluate the performance of DASF Cassava Pecling Machine, the [actors
selected were the variability in size and speeds of rotary wire auger and wire brush,
Three speeds were selected by synchronizing auger and brush speeds (1. . 1000 1400
1500:2100; and 2000:2800 rpm). The machine was powered by a 7 hp Honda petrol
engine, which transmits rotary motion to both the rotary wire brush and the auger
theough the belt-pulley mechanism. The tuber monitors {inlet and outlet) were set o
give clearance for tuber according 1o their sizes. A 10 kg weight of cassava was fed
mnio the inlet hopper. The speeds of the auger and the rotary brush. and time taken lor
peeling were recorded. The weight of peeled tubers, the peel weight (plus tuber
portion which was removed together with peel) and time of operation was recorded.
Each cxperiment was replicated five times. However, the peel remaining on the tuber
after one pass through the machine was removed manually. The weight of peel
removed by knife, weight of completely peeled tuber M, weight of peel collected

through the peel outlet of the machine My, weight of tuber portion which was



removed along with the peel by the machine M,, were determined from the lollowing

relations: -

My =M _+M +M_ +M, {2}
M, =M +M_ (3
My =M +M, {4)
M, =M_ +M_ (5]
M, =pM, (3]
pMy =M_ +M_ {7}

where My, = weight of cassava tuber before machine peeled in ke

Mpe, = weight of peel removed by hand after machine peeled in by

Mg, = weight of cassava tuber afier machine peeled in ke

My, = welght of peel in kg

and p = proporifon by weight of peel in the tuber respeciively.
By sulving the above, M., M, and My were obtained, The pecling efficiency and
tber loss were calculated using the equation given by Agrawal (1987).

M

p=— (&)
MF +M .,
and
Mr
——t {*
M, +M,

where g = peeling efficiency
£ = tuber loss
Mps. My, M, and My remain as defined above. The [unctional requircments of the

pecling machine were such that it should have high pecling efficiency and low taber
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lnss simultancously. Therefore, the performance of the machine was lurther evalusted
quantitatively by combining both terms above into a single measure, such as the peel
retention, The following formula for peel retention (4 ) was, therelore. worked out

based on material balance equation (Me Cabe er al., 1983);

M., M,
o= X - (10}
M,+M,, M +M,

3.6 Data Analysis and Modeling of DASF Pecler Evaluation Parameters

The descriptive statistics of the mean and standurd deviations of the above
parameters were estimated. Mean comparison cvaluation parmmeter for different
treatments, based on tuber sizes and speed, were invesligaied using Analysis of
Vartance (ANOVA) and Least Significant Difference (LSD). Repression models of

the peneral form:
il
}'I‘__ﬁr\-'"'zﬁn'rﬂ (1)
i

were used to explain the influence of tuber size and brush speed on machine
elficicncy, tuber loss and peel retention. Where y, the explained variate, represents
any of the evaluation parameters (i. e.77, & and g ), f, 13 the model constant. f, is the

coeflicient of the variables and x,, is the explanatory variates (n = 1-3).
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CHAPTER FOUR
40 ECONOMIC ANALYSIS
4.1  Determination of the Machine Capacity:
Totul mass of pecled cassava tubers =450 kg
Total time taken for the operations =03 &
Therelore, the relation gives the capacity of the machine:

Machimne capacity = Muss af peeled tnhers (ko) {(12)
Time taken (h)

= 430 (kei
0.3y

=1500 kg/h

4.2  Determination of the Rate of Fuel Consumption by the Machine:
Totl volume of fuel consumed =0,290.4 ml!

Total time of operation =0.3h

Therclore, fuel consumption in liler/hour is given by:

Fuel consumption =Fuel consumed (1) (13)
Tine af aperation (h)

_0.2904
0.3

=0.969 I/h

4.3  Determination of Cost of Fuel/Hour:
Volume of fuel required per hour  =0.969 firer
Cost of Tuel per liter in Naira = & 65.00

Cost of fuel/hour required = Volume of fuelihowr x Cost per liter (14)



= .969 x 65

=pd 6299

4.4 Determination of Fuel required by the Machine to peel Tton of Cassava

Tuber:
From the capacity of the maching determined (4.1). [ron of the whber will be pecled in

0.2 h. Therefore, to operate the machine for 0.2 A, fuel required will be given thus:

For | hour, fuel required =0.646 liter
For 0.2 hour, fuel requires willbe  =0.969 x %
=040 lifer

4.5  Determination of Cost of Fuel required for Ton of Cassava Tuber:

Volume of fuel required =0.323 liter

Cost of fuel per liter in Naira = M 6500

Therelore,

Cost of fuel require/ton = valume of fueliton x cost/liter  (15)
=[.64 x 65

=p41.99

4.6 Determination of the Wage of the Machine Operator:
The operator's salary is assumed 1o be B 10,000.00 per month. Therefore, the DASE
operaior will be expected to eollect ™ 384.62 per day (26 working days. Saturdays

inclusive) or ¥ 48.08 per hour (8 working hours).
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4.0.0  Determination af the operator's wage/ton:

For [hour of operation, operator’s wage =N 48.08
~
For 1.2 i of operation, wage will be =N 48.08 x ;

= 3205

4.7  Determination of the Cost of Operating the Machine/Hour;

Cost of operation per hour = Cost of felhour + Wage of eperatordione( 16)

To achieve the machine maximum capacity. 1'/; tondh, two operators will be required.
Therefore,

Overull cost of operation/hour = Cast of fuelhour + Wage of operaiors/hi (17)

= BE[62.99 4 2(48.08)]

=p159.15

4.7.1  Determination of cost of operating the machine/ton:
Cost ol operation/ton = Cost of fuelton + Wage of uperators'ton (18}

= MN[41.99 + 2{32.05)]

= [ 06509

4.8 Determination of Cost of Manual Pecling:

M 5.00

Cost charged for about 2.5kg tubers

Therelore, 1 &z of tuber will cost

220 x 2027

2.30

20.27 kg will cost

= dil.54
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The result of normal peeling, Table 3 showed that the rate ol manual pecling

vired lrom 20.27 kg/h to 23.33 kgéh and averages 20.27 kgih. This almost falls
within 11.0 kg'h to 22.0 kg'h when five varieties were investigated by ShenlT ef af
(1995}, but less than 43.75 ke reported by Igheka er ol (1992). The range obtained

wits 50 elosed becavse, larger tuber sizes were congiderad Tor this study

Pable 3: Results of Normal and Carelul pecling

Mormal - Carelul

M, Mo My My, T R M Mp P |

Min 7.000 2400 0.100 2.100 1800 20270  3.600  0.700 (L1400 24000

Max 7.600 3.000 0300 2.700 2200 23333 4.300 1400 02800 27.004
Mean 7.300 2700 0220 2480 1960 20.270 3980 1.020 02040 25667

sD 0.255 0255 0.084 0245 1517 1.5%48 0235 0235 00469 11595

Where: M represents weight twber affer peeling
My, represent weight of peel collecied
[ represents proportion of peel present in the root
T represents the time of peeling
My reprexents weight of tuber before normal peeling
Mo represent weight of peel and flesh renoved

My represents weight of peel only
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My represents weight of tuber onfy
R represent rate of peeling in kg'h

NEB: all weight measured in kilogram (kg).

The proportion of peel in the cassava roots, p, ranges {rom 0,14 w0 0.2% and
averages about (1,204, This is in reasonable agreement with, but higher than the ranges
of (LU85 1o 0.170 and 0.106 to 0.215 reported by Ezekwe (1979) and Adetan of ol,
(20003) respectively (Table 4). The difference is perhaps because of the environmental
factors ©f the farm area where the cassava tubers used for the experiment were

oltained.

Table 4: Results of previous studies compared with new study

Eﬂ}__lu :I-cg.-":h'_i‘__ Proportion of pecl ~ Reference
=22 N o Sheriff er ol (1995}
N 0.085 - 0.170 Ezckwe (19749)
N 0.106 - 0.215 Adetan er af (2003)
N (43.75) N lgbeka ef wl (1992}
2027 -23.33 0,140 - 0.280 This study

N Not given, average in parenthesis

5.2 Summary Statistics of Machine Performance
Figure 2 showed that the efficiency decreases as the speed of operation

mcreases. Tuber loss was almost the same [or all the classes at speed ratio TOD: | 404



rpm (ligure 3), Figure 4 shows that peel retention decreases with increase in speed

rativ, except for classes 1 and 111 at the speeds 1000: 1400 and 1 S00:2 104 rpm

71 0l =11

Peeling Efficiency (%)

A

1000:1400 1500:2100 2000:2800

Speed (rpm)

Figure 2: Effect of auger:brush speed ratio and tuber size on peeling efficiency
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Figure 3: Effect of auger:brush speed ratio and tuber size on tuber loss
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Figure 4: Effect of auger:brush speed ratio and tuber size on peel retention
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Table 5 shows the descriptive statistics of tubers classes. Al speed ratio 1000; 1400
only, class 111 tubers had the maximum peeling efficiency (90%) while classes 11 and |
each had minimum peeling efficiency of 41%. The mean tuber loss was almost the
same for all the three classes at this speed ratio. When the three speeds ratios
{auger:brush) were compared the results showed that the minimum and maximum
peeling efficiencies in class | tubers are 20% and 61%. All the three classes of lubers
had the minimum tuber loss of 2% each, while the maximum tuber loss off 27%
occurred in classes III and 1. The peel retention observed was minimal in class 11

{18%) and maximum of 88% occurred in class 11 tubers.

Table 5: Summary of descriptive statistics of tuber classes

M

(.20
018
0,37

i,38
(.55

67

(.20
(.40
54

014
014

C Class Speed ratios (spm)
ul
lubers 1000: 1400 1500:2100 2000: 2800
n . i n % @ M 1 %
in- | 041 002 035 022 015 019 020 005
1 041 002 035 051 002 0350 041 007
1 0.80 002 072 080 002 072 051 003
: | o
oa 061 015 060 061 027 048 D41 012
I 0, 50 0.15 0.74 0.71 WRLF) (.70 .71 17y
1 090 010 088 090 005 088 071 027
s 051 008 047 037 022 039 022 008
Il 0.65 007 060 061 004 059 055 0.1
11 0.86 007 080 084 004 080 063 015
> 000 005 012 015 004 013 005 003
1 0.5 005 016 007 002 007 011 004

L 006 0.03 0.07 0.06 (L 07 (LUK (.09
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53 Effect of Tuber Size on Machine Performance

The Analysis of variance (ANOVA) and Least Significant Differcnce test was

used lo investigate the effect of tuber size on the parameters of evaluation of the

machine. The result (Table 6) shows that class of tuber was highly significant for the

evaluation of the efficiency and peel retention (p<0.05) fur all the three classes of

tubers. Whereas, for tuber loss at p=0.05, which means that class of tuber was not

significant for tuber loss since tuber loss occurred in all the three elasses of tubers.

Table &: ANOVA result for evaluation parameters and the efTect of tuber sizes

Evaluation parameter

Sum of squares

df  Mean square  F

Sig.

n  Between Groups 031100 2 005500 13237 0000
Within Groups 014100 12 001170
Total 0.45200 14

{  Between Groups 0.00012 2 0000060 0031 047
Within Groups (102344 12 0001953
Total 0.02356 i4

4 Between Groups  0.26600 2 0.133000 9410 0003
Within Groups ~ 0:17000 12 0014130
Total 0,43500 |4

The LSD test was carried out for all the sizes of tuber al a constant speed

[GO0: 1400 rpm (auger:brush). The result revealed that there were significant

4]



differences in the efficiency between classes | and 11 at the 0% level (Table 7).

Hawever, no signilicant difference was observed between closses | and 11, whereas

the dillerence between 11 and 11 was sigaifieant (e 008), Pliere were i saginlican

e bbb foss Bon bt bog DEASE prsssdon o Dot all the il o lasnos

Pecl retention was significant between | and 11 or 1 and 111 but not significant

between | and 1 (p=0.10%),

Table 7: Evaluation parameters and the effect of whber sizes

Remark

NS

by

]

Evaluation (1) FAC {JiﬁF_'E.E Mean d_i'i'_i'érr:ﬁac_ﬂ-i_é.' .

parameler (I-1)

I 1 T 01380 0.067
| Il -0.35M) R
1l 11 -0.2120 (.009

o I I 0.0060  0.834
l [LE 0.0060 0.834
I 111 =(1.00H) 1000

o 1 Il -0.1300 0.109
| 111 -0.3240 (r0oal
i 11 -0 T49di) (.024

N5

NS

NS

NS

b

=

M&- Mol significant; 5« Significant

54 Effect of Machine Speed on DASF Peeler Performance

Table 8 shows the ANOVA result when the size of tuber was kepl as a

constant and speed varied. The result shows that speed of operation was highly
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significant for the evaluation of efficiency and peel retention at p<0.01. whereas speed

of operation was significant for tuber loss at the 23% level,

Table 8: ANOVA result for évaluation parameters and the effcet speed ratios

Evaluation parameter Sum of squares  df  Mean square | Sig
" Between Groups  0.16500 2 (L.082640 18,896 (.000
Within Groups  0.05248 12 0.004373
Total 0.21800 14
[ Between Groups 0.03077 2 0.015390 5222 0.3
Within Groups 0.03536 12 0.002947
Total 0.06613 14
4 Between Groups  0.22500 2 00113000 15,016 0.00]
Within Groups 0.09004 12 D.007503
Total 0.31500 14

The result of LSD Table % shows speed as a varied factor while the siee of
tuber was treated as a constant. No significant difference was observed between &
and 5 for peeling efficiency, but there were significant differences between 8 and &,
or &z and Sy (p<0.01). There were significant differences in tuber loss in evaluating
DASF peeler performance between §; and S;, though low, also between 5; and 5,

e er o sigiiilicant difTerence wis olmerved Detwevin &y ald X
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Table 91 Evalvation parameters and the efTect ol speed ratios

Evaluation (1) FAC -fj.]:‘ll:'_ﬁ{? Mean differcnce St Remark
parameter (1-13
" 5 5 (0,020 0.641 NS
Ry, & 0.232 (L0O00 5
&7 Ry 0212 (00 5
& S 5 0.032 0,370 NS
5y Sy -0.076 0.047 b
8z 85 0,108 (L0008 8
T S 55 0.000 1.000) NS
&1 AT 0,260 0,000 5
5; S {1,261 (L0 8

M5= Mot signilicant; 5- Sigmiflicant

5.5  Modeling Result

The regression statistics for the models explaining variations in the peeling
efficiency, tuber loss and peel retention are shown in Table 10, Tuber size alone
explained about 75% of the variations in peeling cfficiency with an overall standard
error o 0.11 {p = 0.002). The model coeflicients were signilicant al 5% and 1%
levels, Speeds of operation explained a lower and insignificant (p>0.5) value of
vardance (BY = 0.19) in peeling efficiency, The combined effeets of the variables
explained a higher proportion of variance in peeling efficiency with & of 0.95,

estimated error of (L35 and p<0.001. Tuber size explained a grater portion ol



variability in efficiency than speed (Table 10). A unil increase in tuber size () would
resull inan increase of about 21% in peeling efficiency whereas a corresponding unit
increase in speed would only increase the efficicney by 4%,

Generally, the effeet of tuber size on wber loss seems o be imsigmilicant,
Explunatory variable & yielded an 8.1% cocficient of determination as compare with
7.5% for peeling efficiency. The combine effects barcly explained about 15.6% with
overall standard error of 0.068. However, the higher absolute value of the coelliciem
of ¢ showed that a greater portion of the variability in wber loss is explained by this
variable. Furthermore, the negative sense of the coclTicient (Table 10} show that a uni
inereases in @ would lead to a reduction of about 1.9% in tuber loss whercas o umit
increase in speed would result in about 0.8% increase in tuber loss,

This result is in agreement with results from manualfcarelul peching i which
the percentage of tuber loss is far lower in very big twbers compared 1o

smaller/thinning lubers.
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Table 10: Regression statistics for models explaining the effect of tuber size and brush speed on machine performance parameters

Predicted Muodel

Model coelTicients

- Model parameters

{yverall statistics

parameter  variables p-value
Ji B i Ba 8, o ® SE p-value

1 o -0.751(02%)"  0.021(0.05) - 0.0537 0.002 - 0.75 011 0.002
3 g 0.218(0.06)  -0.019(0.02) - 0.212 0.459 - 0.08 0.06 0459
M h -0.746(0.34)  0.195(0.05) - 0.062 0.007 - 0.67 013 0.007
1 v 0.393(0.25)  -0.044(0.03) - 0.00% 0.236 019 G20  0.236
A ¥ 0.040(0.08)  0.008(0.01) 0.617 0.475 - 008 006 0475
K v 0.890(0.24)  0.052(0.03) - 0.007 0.154 - 027 019 013
1 ¥ -0.4390.16)  0.205(0.20) (.044(0.01) 0.036 0.000 0004 095 033 0.000
i @, ¥ 0.163(0.18) 0003} (LO0R(0L0T ) 0.402 0477 0492 0.16 0.06 (601
i & -0378(0.17)  0.195(0.02) 0.052(0.01} {.067 0.000 0002 0584 006 0000

*Standard error piven in parentheses
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Regression results for peel retention (Table 10} vielded similar patterns with that
of the pecling efficiency with lower goodness-of-fit parameters in some of the cases
considered. For example, tuber size explained 67% of the variations in peel retention
whereas both explanatory variables explained 94%, which are lower in values compared
o peeling elfficiency. However, unlike peeling efficiency, which tends to reduce with
increasing speed, more peels are retained on tubers with increasing specd. The reason is
nol [ar-fetched. If the delay or resident time of the tubers inside the chamber is increased.
there 18 lendency W remove more peel. Else decreased resident time occasioned by
increasing auger specd would lead to more peels retained on the tubers. This resull
suggests that a compromise in paramelers setling must be made for optimum perlormance

of the peeler.

The third independent vanable of the multiple lincar regression models s the
interaction lerm between & and 1 (o x 7). Generally this term was not presented i Table
10 because it added less than 11% of the explained variance in all the cases and this was

adjudged insignificant for inclusion in the results presented.

5.6 Result of Economic Analysis of DASF Pecler

Table 11 shows the summary of the economic analysis of DASE peeler. The
capacity of the machine avernges 1500 kg/h, The fuel consumption rate of the gasoline
engine was at about 0.969 I'h. Hu;we\'er, the cost of operating this machine per hour 15
about &+ 15%.15, operators wage inclusive, whereas, cost of peeling per hour manually 15
about 40,54 {at ¥ 5.00 per 2.5 kg) with a very low output 20.27 kg/h. There was no
breakdown of any component of the machine during operation. The machine worked well

and handling of tubers for their peeling was accomplished with ease.
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Table 11: Summary of the economic analysis of the DASF peeler

Cost of producing the machine i 250,000.00
Muchine capacity 1500 kg'h
Fuel consumption per hour 0.968 I/h
Fuel consumption per ton 0.1936 11
Fuel cost per hour G629
Fuel cost per ton LR
Operators required 2
Operators wage per hour (x2) 9616
Operators wage per ton (x2) 6410
Cost of operation per hour M 159,15
Cost of operation per ton M1 G.09

Cost of manual peeling per ton ({Ea5.00/2.5kg) & 2,000.00
Cost of peeling 20.27 kg/h (@»5.00/2.5kg) 40,54

Money saved per ton over manual peeling M 189391
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CHAPTER SIX

0.0 CONCLUSION AND RECOMMENDATION

Results of the performance evaluation of DASF peeler showed higher throughput
capacily of about 1500 k', with maximum peeling efficicncy of 20% and luvourable
ceonomic advantage over manual methods of peeling cassava. Thus, the machine is
adjudged suitable for small to medium scale cassava processors, The machine perlormed
satisfactory with minimum breakdown during operation. The regression maodels
developed in this study could be used to estimate machine functional perlormance using
tuber size und brush speeds. Thus, the peeling efficiency could be determined from.

7 =0.2050 + 0,044 1 — 0,435 {19)

with & of 0.95, Standard Error of 0.55 and p<0.0001 where @ is size of wber (cm) and I
is brush speed (rpm). Maximum efficiency was observed when the tuber size was largest.
A unit increase in size of wher (@) would result in an increase of about 21% in pecling
efficiency whereas @ corresponding unit increase in speed (1) would only ingrense the
efficiency by 4%, This study provides uscful information for engineers and lood
processors 10 improve the performance of automated cassava peelers.

Furthermore, the results obtained show that the machine could be very usctul
where considerable quantities of tubers have to be peeled in limited time. The adoption of
DASF pecler by small-seale cassava processors should go a long way in preventing
spoilage of harvested cassava roots since cassava deteriorate in quality soon alter harvest.
Further resecarch for development is recommended to increase efficiency, reduce tuber
oss, and improve in the aesthetics of the original design amd alse in the simplicity of the

naching.
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Figure 5 {u}. Single Gang (Model A) and (h). Double Gang (Model B) Cassava Peeling
Machines.

Figure 6 Self-Fed Cassava Peeling Machine Model C (a) Sides A and (b} Sides B.



Appendix 11

Presenptive Statistics of Closs A tubers at 1TO00:; 1400mpim
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Deseriptive Statistics of Class B tubers at 1000:1400mpm

Trial Me My T M  Mp  Mu M [ 2
T %2 I8 26 74 08 124 0356 061 007 056
R B4 16 25 78 06 144 016 071 002 069
3 R 2% 2% 74 04 164 056 080 007 074
4 ¥ a8 3 76 06 144 036 071 005 068
5 g0 20 27 68 12 084 116 041 015 035
Min 7% L6 25 68 04 084 016 041 002 035
Max 84 22 28 78 12 164 116 08 015 0.74
Mean %12 188 266 74 072 132 056 0.648 0.072 0.604
S 0228 0228 1140 0374 0303 0303 0374 0.149  0.048 0157




Deseriplive Statistics of Class C tubers at 1000:1400rpm

el M, My M: M, Mo M 7 ] o
| kO 20 22 72 04 164 076 08 000 072

2 TH xa 23 7.8 02 1.84 0.16 DS (.02 (.58
1 LY 20 28 Tl 0.2 1.84 376 0.9 .11 (.81

I D 20 24 74 04 164 056 08 007 074

S 74 26 24 74 02 184 056 09 007 084
Min 74 20 22 72 02 164 016 08 002 072
Max KO 26 28 78 04 184 076 09 010 088
Mean 784 206 242 74 028 176 056 08 0072 0798
S a8 0228 1304 0245 0,009 0009 0245 0055 0.033 0.067

&1



Appendix 111

Deseriptive Statistics of Class A tubers at 1500:2100rpm

Trisl My, 0 Mg T Mc My Mo My 7 i
ik 08 16 044 68 1.6 044 116 022 015 019
£ B 1.4 (.64 5.8 1.4 .64 2.16 (131 0.2y 0,22

3 62 14 064 62 14 064 176 031 022 024

4 e (.8 .24 3.2 0.8 1.24 1.76 (.61 0,22 048

5 60 1.2 084 60 1.2 084 196 041 024 03]
Min 3% 0K 044 58 08 044 116 022 015 0.19
Max 68 16 124 68 1.6 124 216 061 027 048
Mean 62 128 076 62 128 076 176 0372 022 0.288
S 0559 0559 1140 0374 0303 0303 0374 0149 0.044 0116

62



Deseriptive Statistics of Class B tubers at 1500:2 100mpm

Trial

3

pin

Mas

Muan

sn

M'“ ol

N

u.h

8.2

K48

(L.212k

M M. M, Mg My 1 [ "
12 25 78 L0 104 006 051 002 050
1.4 22 78 08 ., 016 061 002 060
1.8 22 74 08 124 056 061 007 057
L6 22 76 08 124 036 061 005 058
1.6 22 78 06 144 D16 071 002 070
1.2 22 74 06 104 D016 051 002 05
|8 25 78 10 144 056 071 007 07
1,52 228 768 08 124 028 061 0.036 059
0228 1,304 0,179 0.141 0141 0179 0070 0023 0072
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Descriptive Statistics of Class C tubers at 1500:2100rpm

CTrial My My T M: Mp Mo M I e
5l DRI T5 a8 02 184 0.6 0.9 002 0388
2 8 22 23 76 02 134 036 09 005 085
3 8.0 2.0 28 746 0.4 .64  0.36 0.8 .05 0,76
4 KO 20 24 78 02 164 036 08 005 078
5 74 26 ¥ 72 02 164 0% 08 003 072
‘Min 74 20 22 72 02 164 0.6 08 002 072
Max 80 26 28 78 04 184 09 09 005 088
Meun 784 216 242 760 024 172 044 084 004 0798
S Gaa1 0261 2280 0245 0089 0010 0303 0055 0014 0.066

td



Deseriptive Statistics of Class A tubers at 2000:2800rpm

“Trinl

|
]
1
E |
5
Mux

Mean

s

Min

M;u .

Appendix IV

My T M My Mp My [ =
66 12 21 74 14 064 056 031 007 029
64 DR 20 76 16 044 036 022 005 021
%0 L0 18 7.0 20 004 096 002 012 002
72 0% 20 74 18 024 056 012 007 0.1
6% 14 19 T4 12 084 056 041 007 038
nd 08 |8 70 12 004 036 002 005 002
#0 14 21 76 20 084 09 041 012 038
THLD4 196 736 16 044 06 0216 0076 0202

0261 140 0243 0323 0322 0376 0.153 0026 0.142
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Deseriptive Statistics of Class B tubers at 2000:2800mpm

Triel My M T Mc My Mg Mr  q P e

I K6 1.4 22 74 1.2 0B84 (.56 041 007 038

n 2 1.8 19 72 10 104 076 051 010 046

3 74 22 21 72 06 144 076 071 010 018

| 76 24 21 66 L0 104 136 051 017 042

5 KO 20 20 72 08 124 076 061 010 055
Min 76 1.4 19 66 0.6 084 056 041 007 018
Max 86 24 22 74 12 144 136 071 017 055

Mean  RO4 19 206 712 052 112 084 0.55 0.108 0398

5D 038s 0385 1140 0303 0228 0228 0303 0114 0037 0,13

il



Deseriptive Statistics of Class C tubers at 2000:2800rpm

CTrial My My T Me My Mao M 7 £ @
o 72 2% 22 64 08 124 156 061 020 049
¥ [ 3.2 20 58 1.0 1.0 216 0.51] 0.27 .37
3 82 1.8 19 76 06 144 036 071 005 067
4 76 24 20 70 06 144 0% 071 012 062
5 k0 20 21 72 08 124 076 060 010 054
Min 68 18 19 58 06 104 036 051 005 037
My B2 32 22 76 L0 144 216 071 027 067
Mean  7:56 244 204 68 076 128 116 0628 0.148 0.538
S 756 244 204 0707 0167 0.167 0.707 0.084 0.087 0.117

&7



