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ABSTRACT
A pedal - operated cassova gratittg macltitte was developed and evdusted. The grater is to bridge the
gop between lhe motorized grater and the labour-intensive, traditional csssavo grstitrg device, and to
nneliorile the tedium d cassata grutirtg lt tltc villuge level. Thc grotar's cotttpotrent parts are: tltc
grating unit, pon,er o,rd lrunstrtissiott unil, the housirtg, tha hopper und tht dist'horue c'hute. 

'fht

cossava gralcr output ctpacitl'runTgcd helx,een 28,50kg/lt uttil 15,0()kg/lt tlcpcnding o,, ((.\savu vtriety.
fhe particle .si:.a distrihutiort.s irt tltc cnd prudut't ,'(prrs(t,tins madiuttr fine, .fine and pox'dary
muteriols is I:-l:6. 

'l'he 
grttcr <'u1tut'it1' Itus a t'rtrtrpurutir'( udvantugc rotio o.f morc tltort 220(/i oyer

trtdilittnol griltit,g dcyice. Orre uvcrugc pcrsot, ttJ httx'attt l-t -J5 yeors of oge can con(brtuhll'
operote tlte gruter continuousll'for about I 6 ninutcs to proiluce ail outpnt of about 4kg.

Kevlvortls: ('assava, Pedal - opcrated gratcr. 
' l 

raditional graling dcr rcc. I'crli lrnrance evaluation

IN'TRODTi(:TION
Cassava (Manihot L'lc'Ulcnta c-r' iuq) rs an

inrportant staple lood clop in thc tropical rvorld. lt is
being grou,n nralorly in West Ali ica. Nigcria being
one ol'the highest producers. 

-lhe 
perislublc nalure

ofcassava tubers poses a serious ploblerrr to slorage.
(-assava tubers once detached frorn the urou rng plant
u,i l l  not normally keep for ntore tharr a le'rr days 140
- 48 hours). belbre deterioralion sets in 

' l 'he

deterioration is caused by microbial inlbctrons and
physiological factors l ike loss of moisture (Jortisr' eJ

?):1992). There is therefore an ever-increasirrs need
to quickly process tubers in some stablc l ir lnrs as
soorl as it rs han'ested. Processrng is also ncccssary
to e l rnrrnate or  reduce the poisonous cyanide
contarned in raw cassava and to inrprove palatabilrtr
of the tbod products. Processing of cassava rnto gan
(a uranular lbod prodLrct) and cassava l)our rec;uires
grating after the init ial peeling ancl u'ashing.

In the traditional nretlr<ld of cassava sratinlr.
a  metal  sheet  (a lurn i r t iunr  or  galvanrzet l  i rorr )  u ' i th
punchetl holes that rentler one surfhce rou{h and the
other snrootlr rs used as thc sraler The rough surlicc
rs prcssed on the tuber. whrle the tuhcr is rnovcri
along tht' rouqhr'ned surl 'ace. 

'I 
he lcsultrng pulp

passcs  t l ) roug l r  th t  l ro l r ' :  I t t l i l  i t  con ta l l l c f  u r ) ( l c t .

Acrord tng  t t t  Igbcka r ,_ f  qJ  t l t )  . J1 ,  t l i r :  ( ) l )e lJ t i  , r )  o l
n rar rua l  g ra t ing  o l ' cassava is  o r rc  o l ' thc  n ros t  d r l l l cu l t

nranual operations in the tradit ional garr pr()cessrng.

Thel '  reported cases of operators'  l ingers being

chrppcrJ otT by t lrc sharp rough srrr l icc. Ihe

t radi t roru l  nr l ' t l l ( ) ( l  o l -  u lssula gra lnrs rs  a lso labour '
in tensrvc and vcr l  s lou.  Jeklv inta ( l ( )9- \ )  rcpor tc( l  that
one n lan t l lv  o l '  l i rhoLrr  prot luccs about  I - ioks of
peeled cassavu.  He a lso lcpor tet l  that  hack pain
develops n i th t inrc duc lo  cont inual  bent l r r rg of  thc
backbone.  l 'he t ladr t ional  nret l ror l  o l 'qrat rnu rkrcs not
lend r tse l l '  to  unr l i r rm qual i ty  p loducts.  l t  has bccn
reporlcd that qualrty dil l 'ercd ti 'ont one opcrat()r to thc
other and evcn $'it lr the same operator, quality uas
drflerent from onc batch to thc other (lgbeka _t'_t ql:
1992).  I t  is  d i t l ' icu l t  to  increase prodr . rc t rv i t l ,o l 'cassarr

,Processll)s u rtlr lhc- traditional nlethod sincc r.1r';r lrrrg
opcrat lon a lonc u i l l  create a bot t lencck.  Al l  these
drau.backs have cncouraged the need lor mechanizatiorr
ol ' the qrating operation. l)espite the fact thal nuss
protiuctron of cassava is bcin-q donc' in the rural arcas.
the people thele tace problems in the use of motorrze'd
g,ratefs due to t l r l l lcu l t rcs rn get t lnS luel .  

- l -herc 
rs  lack

ol 'e lect l icr ty  lacr l r tv  in  nrost  rura l  areas.  As a resul t  o f
these. nrany farmcrs prefer tcl lransporl t lrerr cassava
Iubcrs fi.onr thc nrlal areas to tlre urban arcas. 

' l 'he

addi t r t lna l  cost  o l '  t ransportat lo l l  lncreascs lhc c()s t  o l '
product ior t .

I rc t '  ar r thors ( lgbeka ct  a l :  1992:  jekayinf ) .

1995:  Odrgbolr .  l9 t )2,  1996.  1997.  1999:  Jonisc '  c t  a l :
I 992 ) have rcported that ibr mechanization ol'
agrrcultrrrc in Nigeria lo succeed. it musl be bascd on
indigcnous ticsr,.trrs. dcvelopntent and manulacture' ul '
nrost ol 't lre necdctl nrachines and equipmenl, to cnslirr '
their suitabrlit) ' to the crops as u'ell as lo thc l-arnrer: '
technical and linancial capabil it ies. In l ine with thrs
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l l rr :  rrork cvuluates the pcrlbr-nlance () l  a pedal ' -

()parctc(l  cassava grater earl tcr deveioped r11

i)ci)arlnle ni oi '  Mechanrcal i :ngtne cri l rg. i-aclt lkr

. . \ k rn to la  I  n rvcrs t t l .  ( )gbouroso.

) t . \ ' t 'ERL\ t .s  A \D ) lH l  l l ( ) l ) s
\  l : t  t c r i : r  l s

r \  p c d a l  t l p e r a l c r l  c J s s a v a  u r x l c t  ( l i r g .  I )
s  l r :  t l ' : r  e  lopc t l  ! l  cor r tp r rse  s  t l rc  ! . l l a l rn t  unr t .  p ( ) \ \ ' c r

. t r r ( l  l t . r i l \n l t \ \ l ( ) l l  r i l l l l  t i t c  l t0 t rs tn1 ] .  thc  i t0ppcr  u r rd

l l rc  t l r .e  l r ; r ' : r '  5 l l ( )u l .  l  l te  c ( )n410r te  Dts  ( ) l  t l l e  q ra t r ' l

r r  r t h  s y r e c r l i c a l r ( ) n s  a r c  l t s  l i r l l o r r .

L  l lo ; rp r : r  l l  n : rs  cons t ruc lc t l  r t s r t t r . l  l J  sa t r l c
ga l r  a r t rzc r l  r ro r t  s l t r 'e l .  l - l re  hoppcr  ts  tn  I i r rn r
o l -  r  l cc t l r l su la r  hascd p l ' r : r r r r id  u  t l l t  lop

lcng lh  o l  J i ( )n r r r r .  ho t tonr  l c t tq t l t  , i l '  l  l 0nrn t

l r rd  hcr lh t  r ' l  J { )0 r r rn r .  l ' hc  c t luc  o l  t } rc  to l r

rs  rc r r r l i r rcu t l  \ \  i t l )  u  I in rn r  r  2 - in rn t  a t tgu la t .
hlr.

I  ( i ra t i r rg  l ' l a tc :  i \  squarc t l  edge o f  a
galvanrzc(l  slrect t trcasttr i t tg ,1(X)rtrnt x
( l25rnnr r\  cr. l t  out ;rurl  purtchcrl  al I  crrr

in t r ' r va l  r r r t l r  a  l l5 r r rn r  long  nar l .  Thrs  rs
$ rapped al()trnt i  thc grater clrurrr ( n)arlc () l '

r vood)  and sccurc t l  $ i t l t  sc re \ .  r r r t l t  t l r c

lo r r ! l rc t rc t l  s r l r l i t cc  o l -  t l t t  s l t cc t  c \p r ) i r r l

-1  Pr l r r  c r  ( ie  r te ra t io l t  : rnd  
' l ' ranr rn i , ' s io l t

I  n i t :  I ' hc  poser  ncr ( i c ( l  h r  thc  r r ru ih r r rc  rs

- - ( t ) ( l . r ! . ' r l  i n . r t t L t . r I I r  J l l l  l r J r l . l ! " l . ' , I  l ' . '  t t t r ' . t t t
( ) l  . l  . l . r ' : .  l l l . r - l t r ' r l  1 1 r  1 1 1 ; '  . p 1 , ' . p . . i  " l  . r  i t r t
r , .  i i .  i  i  l  l r c  . l r l : i r  i r . r .  i J  t e  c l l t  l o r  t h c
, l r ' .  ' : : , :  . n 1 , r g [ g l  . r n t l  ] l  l e e t l t  l i r r  t l t c  t l r r r c t t
r t :  .  . " l r . . l )  l h c  . l t r r n  l e r r r t l r  r \

I  I . t , : : , r r  I h c  l . , r s c r  l o  ( ) p c r . r l c  r :  : t r p p l r c t l

i . r  r r i . r r r , r n t l  r l s  t l a n s r . n l s s l o l l  r .  l l r  a  t i c c
*  l rcc l  sprocke t  tha t  ( )pe la tcs  rn  a  s i t t t r la r '
l i rslrron to ir  standarcl brcl 'cle.

l l  e  l  l ro t lo logr
I he nuclr ine \\ 'as operated arrt l  t l rc l i l lkrwrrru

pcr l i r r  r r i ,n rcc  lea tures  \ \ ' c rc  l to ted :

l .  ( ' u p a c r t l '

2. Pouer and labour requirenrent

,r (Jual i ty ol 'grated pulp
.1 .  ( i ra t ingEl l i c iency
'fo 

carry out the evaluation, 5 sets of pceled

L';r\sava (Ocl0nrbo typc-) tuhcrs each of mass about

l l ku  rcpre  scn t r r rg  5  d r l l c rc l r t  aues  o l '  tuhr r  n r r t r .n  r t ) ' .
\n r i l )g  h r t l rncc .  s lop  r r  a tc l t  a t rd  po lv thcuc  l ' ra ts  o l '

r rcg l rg rh lc  r rc r th l  rvc rc  usc t l .  
' l ' \u )  

opera t ( ) rs  \ \e rc

rnr olr ct l  ln thc gri . l tnr l t  c\pcnl lcnt. Onc persott

rrrotrntct l  the rqrrrpnrcrrt  and cy'cled $hi le the second
pr lson  le t l  rn  l l r c  tubcrs  n rnnua l ly .  The peda l ing  had
! ( )n lne l l cc ( l  hc lo rc  tube t l ' cd rng  to  avo t t l  c logg ing

Jnrl t t  \ \ ' i . ts i l lJdc colt l inu()us as hrrt,u as lhc t. lha! ' \ \0s
lr ' t l  

' l  
he sprrng balarrcc u'as used to s'eigh t l tc scls ol '

pcclrd cassava. f l rc t i rne taken tbr ir  complete
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gratrng, uas rccortlcd. 
'[he 

rveight ol 'the pulp was then
read and recordcd.

' l 'he 
capacrty oi the grater w'as assessed in

ternrs of the nlachnle outpl.rt (kgi h). 
' fhe 

product quality
assessment rus hascd on the unrforrnit l '  of slze of thc
grated caisa\a.  

' l . l t is  
uas done by s iev ing the grated

ancl deuatcrctl cassava (cassava cake;. Thrcc srzes of
s ievcs serc uscd to rc late tht" 's izes o l ' the grated cassava
to r ts  loot l  va luc cr thcr  as ' l -a l i rn ' .  'Gar i ' .  Starch or
somc' olhcr applrcatrorrs. Srzes greatcr than 2.36nrnr
s'eru consrdcrcd I! ' lects. \ ' lcsh No 200 uas constdered
as tl ie pan anti rrrrrtcrrals retained lrert- rvere classil icd as
very l inc ttr potrtle r.

-Ihe 
pouer requirement of gratrng operatiol.r

using the pedal - operated grated was evaluatcd t()
cnsurc thal the $ould be operators are not subjectcd to
ull-anllclpatcd stress s'hich nray result rn loss of
ct' l iciency. lou'er productivity and any lbrnr ol ' l 'uturc
drsabil ity. This aspect of evaluation was can'ied out by
the use ol' a ptocedure enrployed by prcvtous
resrarclters (lgbeka, 199-1; hl$'uba, 1999; Arcmu and
Olorunnrsola. 1998). The procedure involves the use of
heart rate index in u,hich the resting and posl lask
lrr ':rrt ratcs ol' cach sub.jcct were nleasured ttsing a
.rctl)ose()pe. rvhile the enr'rry expendirure ratcs ([:RR)
' r ' : r r  ohlarnct l  r rsrnq cqual lon I  developed by Nrvuba
u r i i i  K lL t l  (  l ( )S - )

I I I t - 66 .0 (K / im in )
I : l lR  = ( t )

2.4
\ \ 'hcre l lR -  hcar t  bcals pcr  nr inute

t i . t .s t  l . I  s . \ \ t )  t ) ls ( ' l ;ss loN
' l  

hc  Gr l t e r  ( ' apac i t l
' l-hc 

glater capacrt! '  is the anrount of grated
prr ip  l i ra t  corr l r l  bc p lor lucer l  pcr  unr t  l r rne.  l ' l re  test
rcsul ts  o l ' thc developcd per la l  operatcd r ratcr  a lonr
s rtir thc traditronal grating device are sunlnranzed in
'l 

ablc L l 'hc pcdal opr-rated grater had the higher
average grating capacity of 42.65kgih u'ith over 220'16
advantage ratio over traclit ional device. The test grater
has a capacity of 28.5kgrh to 45.00kgih. The variation
dcpends on l'eeding rate. the size and age of the tuber
and the gender operator. Sunrnarized grater's output
results on gender basis is shown in 

-Iable 
2.

Product ion Qual i tv
The resuh of sieving analysis presented in

i 'ablc -1 shon's that the particle size distribution is l:-1:(r
(pr oprrr lrt ln ol ' mediunr fine, l lne and porvdery
n)atcrials). \te'diunr tlne nraterials are good for ' l-afun'.

f ine nraterials are gooc.l tbr 'Gari ' rvhile very fine
(porvdery) nralerials are good fbr starch. f lour and
'Ciari ' . l 'hese results compare favourably witlr thc
lcpor t  ofJonise et  a l  (  1992).
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l lnergl' Expcnditure for Grating
Table -1 presents thc energy r-xpenditurc. rate

{kJ mrn)  of  the e ight  ind iv idual  subjects in  cassava
gratln-q together u ith their spccil ic cnergv
cxpenditrlres (enet'gv expenditure pr'r krlograrrr ol '
gratcd cassava ). A conlpanson o I ' t irc cnergy
cxpcnded in gratrng usrng the pedal - operated grater
and the traclrtronal clevrce shor,r's liral the pedai
operated grater consunred more energv (about 259i,
lrrgher) than thc traditronal devrce. A comparrson of
thc results in Table -1 rvith Zander's classrfication of
physical  load (Zandc' r ,  1990) shons lhat  pedalrng
opcratron by the nrale and l 'enrale sublects. rrhile
gratln-r.l cassava tubers, produced light load rn the
rnti ivrdual operators. This is an indication that the
use ol-the test grater is ergonorrrrcally aclvantageous.
Ul' l 'cct of Operator's Gcnder on the Grater's
Output .

Dcspite thc nrininral agc difference between
thc rnale and t-enrale subjccts entployed tbr grating
exercise. there are notable ditfercnces in their
hcights, uc'ights and body dimensions. 1'his agrecs
srth sinrrlar outcomes reported by Poschen (1993)
and. Aremu and Olorunnisola (1998). Results of
comparative grating test carried out by the sublects
usrng the traditional grating dc.vrce and the test grater

are prcscnted in l  ablc .1. ' l 'hc 
average -ulatrn-u output of

al l  t l re sub-jccts \ \ 'as qreater Lrsing the tcst {ratcr
( - l 6 . l i l k g  h )  t h a n  u i t h  t h c  t r a d i t i o n a l  d c v i c e  ( 1 2 . 3 6 k g  h ) .
' l -hc 

outputs ol '  the 4 rrulc suh;ects $'erc ucncral lv
greatcr lhan thosc ol '  t l re { le'nrale subjects I 'hts rr ls
Ia rgd ly  ( luc  lo  t l rc  snra l l c r  r r rusc le  s rzcs  o l '  thc  l cnra lc
sub jcc ts .  l ' he  snra l l c r  n tusc lc  s rzc  o f ' \ \o lncr r  co l l tpar -c t l
to  n len  lcc i t rces  t l re i r  uork  capuc l t \ .  s r )n tL ' l ln les  b \  as
much as t*o thirr is thar ol t l rerr ntcl l  cotrntcrpal ls
(Poschcn.  l9 ( l - l ; .

( 'o\( ' r . t 's lo\s
[ 'hc lollou,ing conclusrrlns can be drarvn l lonr

the stutl l '
l .  

' l  
hc per la l  '  operated cassava grater  c lpaci ty

ranged bclsee'n 23.-1t)kg, h and 4-5.00kg h. thc
hrghr'r caprclt) ' \\ 'as obtained lionr a ntale operator'
u,hile the lorvcr value n'as frorl a t 'emale operator.
l-his ls abottt 220u,i '  abovc capacity of thc
t radi t ional  Srat i l lg  t lev ice .

2. l.ahorrr requircrrrcrrt lbr operating the n'rachine
u.as eraltrutctl to lrc lruht rrrcspcctrve of the gender
<lf t lrc opcrators.

-1. 
' l 'hc 

tcst pcdul opclalc(l cassava gratcr rs
found t<l bc appropnatc l irr vrl lagc lcvcl cassr\r
grat rng opcratr ( )n.

' tab le 
l :  ( 'apaci t l 'Rat ing (kg/h)  of  lhc ' l 'cs t  ( 'assava Grater  and' l ' rar l i t ional  ( i ra t ing l )cr ice l 's ing

__ __!l'ln 4{lpstl!qj! *_-l 'ubcr 
Input (irating_l-rnc'(nrrn) _ Oulput l{atc_( }i-t ht _

l cst \unrher per ( iratrng lr(j I R I,G 
-l ' l{

___ Op,eratrlrrt !\g]____-

5
Averagc'

.15.(x)
4 2 . 5 0
4 0 . 1  5
4,s (x)
42. -s 1

4_1

l 5  l ( )
1.1.60
l5  00
16.00
1 5 . 5 0
l-5._10

|  2 . {X)
12.00
12.00
l2 .00
12. ( )0
t2 . (x )  l6 . t t

PG - Pe-dal Opcrutct l  (  i ratcr 
' l  

R l  radrt ional ( iratrng Dcvicc

lflc Z:_Qf4iry pgQut on (Jendcr llasis
Sublcct codc (ictrt ler

I
2

a
+

l 6
l 7
l 8
l 6
l 7

17
49
4t{
45
4(r
17

Grating C)utput kg hr
l'c'dal -- Opcratctl Grater I  rat l r l ronal  (  i ra l rnq I )cr  rcc

M l
M :
Mr
M.:

Average (l\, lale)
[.' I

.  l r :
l t  t

Fr

Average ( Female;

Malc
\'lale
Malc
N4ale

Fcrnale
l:ernalc
l"e nralc
Female

,15.00
.12.-50
.t0.1-s
45.00
4-1. I6
-10.20
10.-s l
29.68
2n.50

29.72

I .1.5 5
15. (x )
1.1.60
I6.0t)
15.0-t
l  ( ) .05
8.7.i
9.60
9.-i0

().01
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Table 3: Proport ion of Nlaterials Representing Given Range of Part icte Sizes.

Mesh No
Size of Opening Percent Material

Retained
Size Classification Possible Food

Value
6

l 4
200

2.36
1.40

0.075

r 0.2
32.5
57.3

Medium Fine 'Lafun"

Fine 'Gari '

Very Fine and Powdery Starch. Flour and
'Gari '

I 'able 4: Energl' Expenditure Rate (EER) (kJ/min) and the Specific Energy Expenditure
Sf,E (kJ/kg) of the Eight Subjects While Operating Both the Pedal - Operated Grater
and Traditional Grating Device.

Pedal - Operated Grater Traditional Grating Device
Subject code Gender EER SEE EER SEE

M l

M:
M r
\{.
F l

F:
Fr
F1

Male
Male
Male
Male

Female
Female
Female
Female

I  3.05
12.15
12.25
I  1 .95
8.60
8.7-5
8 .88
9.05

17.40
t6.12
t6.52
16.8_1
17.09
t 7 . 2 1
17.95
19.05

r  0 . 1 5
9.75
9 . r 5
8.95
7 . l 0
7 .25
6.95
7 . r 5

4 1 . 8 6
37.38
27.60
34.62
40.00
49.71
43.44
45.16

Fig: 
-l 'hc 

Pcdai-Opcrated Casrava Gralcr.
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