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ABSTRACT

Traditional dehulling of cereal grains is a time
cansuming, labour intensive, but important task per-
formed by women in rural areas in developing coun-
trizs. Dechulling separates the outer envelope, which
contains both non-nutriional and organoleptically
unacceplable factors, from the edible portion of thc
grain.

This paper discusses the performance of dehul-
lers which use vertically rotating abrasive disks em-
bedded in the grains being processed. Results of
various studies are used to explain the effects of se-
veral parameters on the dehulling performance of the
mechines.

The performance of the dehullers depends on
the speed of the rotation of the disks, the disk’s sur-
face characterigtics, the quantity of grain in the de-
hu ler, spacing between disks, the disk diameter, thc
physical characteristics of the grain, the duration of

dehulling and the physical characteristics of the in-
ternal surface of the dehuller harrel. In the absence
of detailed studies, in some cases, certain hypothescs
arc used to explain the operation of the dchuller.

It is concluded that even though the perform-
ance of abrasive disc dehullers are satisfactory. sig-
nificant improvement may be obtained through
studies aimed at understanding the mechanics of
disk/grain, grain/grain and grain/wall nteractions.
during thc dehulling proccss.

INTRODUCTION

Need for Dehulling

Semi-arid regions in developing countries such
as Africa, for example, can only support the culii-
vation of cereals such as sorghum, millet and maize.
As a result, a significant percentage of the population
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in many countries in Western, Central, Eastem and
Southerr. Africa, depend on sorghum and millet for
their daity meal. Other crops such as barley and qui-
noa contribute to the daly diets of populations in
other pats of the world.

Rurd women have traditionally improved the
organoleptic quality of foods prepared from cereds
buy processing the grains to remove the outer layers
(the pericarp and testa). The pericarp (bran) contains
manly fibre whereas the testa contains anti-nutri-
tional substances, such as polyphenals, which give a
bitter taste to the grain and inhibit the digestion of
protein from the grain [1]. Phytic acid, which is pre-
sent in the bran and germ of sorghum and millet,
combines with mineral elements such as cacium,
iron, sodium, zinc, and magnesium, to form insoluble
compounds (phytates) thus making them unavailable
for human nutrition {2]. The presence of high con-
centraticns of C-glycosylflavones in undehulled mil-
let has been linked to the incidence of goitre in Sudan
[3,4]. All of these various anti-nutritiond factors can
be substantially reduced by dehulling.

Description of Traditional Dehulling

Traditional dehulling, which isdone by women,
involves pounding the wet grain in a mortar with a
pestie. Wetting reduces damage to the grain and fa-
cilitates the removal of the bran. Once the required
degree of dehulling has been achieved, the grain is
washed to remove excess bran, dried to reduce its
moigtun: content and then pounded into flour. This
moist flour cannot be kept for more than 24 hours as
it ferments,

Dehulling Equipment for Grains

Technologies that can be used for dehulling in-
clude roller milling equipment, rice dehulling equip-
ment, attrition-type dehullers and abrasive-type
dehullers (5]. Raller milling equipment does not ap-
pear to he very ussful in dehulling sorghum or millet;
the high degree of dehulling and colour of the flour
obtained! are unacceptable to the consumer. Rice
milling equipment does not generdly work well on
these cereal grains. Abrasve-type dehullers use ro-
tating abrasive surfaces to abrade the grain. Various
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types such as the Bavaria Record, the Wondergrain
Jaybee, the FAO (fondateur de I'atelier de |'ouest)
and Decomatic dehullers have been described [S].

Some of the disadvantages of various dehullers
for village use are: their large capacities, often greater
than 1000 kg/day; lack of spare parts; inability to
dehull different grains without adjustment or mixtures
of grains and, the need to wet the grains.

Aim of Paper

The purpose of this paper is to discuss the per-
formance of the abrasve-disk dehuller which has
been developed at various research inditutions in
Canada and in Africa, for use on cereal grains and
grain legumes. Both laboratory and fidd results and
observations are used to explain the effect of various
parameters on the performance of this dehuller. It is
anticipated that the discusson will serve as a basis
for further work aimed & improving the understand-
ing of the operation of the dehuller, ultimately lead-
ing to an improvement of its performance.

DESCRIPTION OF ABRASIVE
DISK DEHULLERS

General Features and Operating Principle

The basic features of the abrasve disk dehuller
are shown in Fig. 1. It consists of several dbrasve
disks, rigidy mounted on a horizonta shaft rotating
on bearings mounted on the ends of a trough-shaped
barrel made of mild steel sheet. In operation, the
disks are rotated in the grain & speeds ranging from
800 to 2500 rpm depending on the type of disk and
dbrasive surface being used.

Severa models of this dehuller have been de-
veloped and have been fully described [6]). They have
been developed to take into account specific dehull-
ing needs and available technical skills in various
countries. They are: PRL and Mini-PRL dehullers,
developed at the Prairie Regional Laboratory of the
Nationa Research Council in Canada (now the Plant
Biotechnology Institute); the RIIC dehuller manu-
factured by the Rurd Industries Innovation Centre in
Botswana and being used extensively in that country;
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Basic features of the abrasive disk
dehuller: A, spacers; B, end plate
C, shaft; D, abrasve disk; E, barrd.

Figure 1.

the NUHULL dehuller manufactured by a Canadian
manufacturer, Nutana Machine Ltd.; the Mini-CRS
dehuller developed by the Catholic Rdlief Servicesin
the Gambia and manufactured by loca artisans; the
Mini-SISMAR/ISRA 1 and || dehullers developed by
the Centre Nationale de Recherches Agronomiques
ard a large manufacturing company SISMAR in
Scnegd; and the Mini-ENDA dehuller developed by
ENDA in Zimbabwe.

The PRL, RIIC and NUHULL dehullers are
larger machines with aspiration systems for bran re-
movd, whereas the Mini dehullers have lower ca-
pacities and operate in the batch mode. Typica
features of these two Szes of machines are shown in
Rgs. 2 and 3. Abrasive surfaces used in the dehullers
arcin the form of carbonmdum stones or lightweight
resnoid discs. Some of the main features and speci-
fications of the dehullers are shown in Tables 1 and
2.

Some of the advantages of the abrasive disc
dehuller over others mentioned earlier are: its oper-
aing principle is ample it is potentidly lower in
price; it can be easily operated by persons with little
technical skills; it can effectively dehull the grains in
their dry State; it can dehull awide variety of cereal
grains and grain legumes without adjugting the geo-
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Dehuller Disc Disc No. of Electric
Type Type Speeds Discs Motor
RPM Power
HP
PRL Stones %00-1300 13 8
RIIC Stones 2000 13 8
NUHULL Stones 1500-2000 4 10
Mini-PRL Resinoid 1500-2000 4 3
Mini-CRS Resinaid 1500-2000 6 3
SISMAR/ Resinoid 1500-2000 10 3
ISRA 1
SISMAR/ Resinoid 1500-2000 8 3
ISRA Il
Mini-ENDA |  Stones 1500-2000 10 3
Table 1. Typical disc types, speeds and

power for the abrasive disc dehul-
lers.

melry of the machine; it can dehull an assorted mix-
ture of grans in the same batch.

ASPECTS OF DEHULLER'S PERFO:RMANCE

Laboratory and field studies[6] indicate that the
performance of aorasive disk dehullers depend on:

- gpeed of rotation of the disks;

« physicd characteristics of the disk surface such
as roughness and hardness,

«  number and diamcter of disks in the barrel, re-
flecting the totd surface area available for de-
huling;

- gpacing betwceen disks and their angle of indi-
nation to the sheft;

« distance between the end disks and the end plates
of the bard;

» Clearance between the periphery and the barrel;

- presence or absence of aspiration during dehull-
Ing;

«  roughness of the inner surface of the barrd;

- therae a which grains are fed into the dehuller
in the continuous Mode, and the quantity of grain
in the dehuller in the batch mode;
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Figure 2. Schematic showing specific fea-
tures of the Mini-SISMAR/ISRA
[l dehuller: A, dehullers; B, feed
box; C, separator; D, aspirator; E, t0
cyclone; F, two trap doors; G, sieve.
Solid arrows, movement of grains,
broken grrows; bran (courtesy of
SISMAR,  Senegd).

» residence or retention time of the grain in the
dehuller;
physcad characteridics of the gran beng de-
hulled.

Available results are discussed in this section.
Effect of Speed of Rotation of Disks

Results of sudies of three modds of abrasive
disk dehullers, using barley, sorghum and millet, have
been reported [7]. The dehullers used were: a Graham
Hill Thresher containing 13 Carborundum stones 305
cm in diameter and 3.2 cm thick; an experimenta
Resinoid Disk Dehuller containing 27 resinoid sed
cut-off disks, 30.5 cm in diameter and 0.64 cm thick;
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Dehuller sh ‘ u-“"l'/if d:,t % :i;«""v!.‘ R Bran
Type put |“Opération )"V Size": | Aspiration
kghr | e kg
PRL 250-50075 | {‘Cont e "“"7-"53:' . yes
RIC, <800 | Cont/Batch| 515 ° yes
NUHULL | 200-500 it

. | Cont/Batch B © 5-15 yes

13,8 .x:undum stones
; 'c%*fgugk‘ [7] Typical

of 1300, 1700 and 2000 RPM 'I‘hc ;legree of dehull-
ing increases with the duratmn ‘of dchullmg (the re-
tention time), for a given’ d1sk speed Increasing this
speed increases the degree’of ‘deh\ilhng For a given
machine, therefore; - ptiffiiny'idetiillirig  can be ob-
tained using disk speed 25:a: éi‘lib’l&i‘paramctcr Si-
milar resultshave:béerobiaiiiedawithall the other
dehuller models: memuonedieaﬂxer cusmg other cereals

and gl‘am legumw [6]-. iadd _‘S\ RN

) ies g. i

the number ofdxsks A ~.~u= _,would e the. de-
gree of dehullmg for g} ‘operating condition,

gmn‘?‘dehuued would be
reduced as thie distance bctween‘ﬂ:e disks is de-
creased, and the energy consumpuon ‘would increase.
Thus for economical’ operauon. ‘the " disk spacing
should be maximized: Systemauc studies to facilitate
the choice of the: optlmum dlstance between disks
have not been-undertaken; ™ ST
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Figure 3. Exploded view of the PRL: A,
bran to cyclone, B, fan; C, gran
hopper; D, ar inlet; E, feed gate; F,
abrasive disks, G, adjustable gates;
I-I, overflow outlet for dehuller
grans (from {6)).

Laboratory [7] and field [9] observations indi-
cate that inclining the lightweight disks at the end of
the dehuller to the vertica, improves the unifonnity
of dehulling. The angle of indingtion of the disks
have ranged from 9 degrees|7], to 5 degreeswhich
eiminated disk breakage [9], probably due to the re-
duction of the rotational stresses. Inclining dl of the
disks is expected to reduce dehulling time and im-
prove the degree of dehulling but results arc not
available to confirm the benefits of this arrangement.
Improvement Of the uniformity of dehulling has ds0
been achieved by reducing the gap between the disks
at the cnd of the shaft and the end plates of thc de-
huller (10].

Effect of Grain Type

The performance of the dehuller depends on the
type and variety of the grain being dehulled. Factors
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Figure 4. Effect of disk speed on Resinoid
Disk Dehuller performance.

thet influence dehulling have been discussed [6].
They are the pericarp thickness and hardness of thc
grain.

Effect of Mass of Grain in Dehuller

In practice the mass of gran dehulled in mills
varies from 0.5 to over 20 kg. The speed of rotation
of the disks which is usudiy fixed for a given mill,
depends on whether grinding stones or rcsinoid disks
are used. The retention time iS thus the parameter
used to control the degree of dehulling of the grains.

Detailed studies on the effect of mass of grain
used on dehuller performance arc availablc for se-
veral Mini dehullers 8, 10, 11]. Results for quantities
of millet between 2 and 8 kg, which is similar for
other grains, is shown in Fg. 5 for various disk
speeds. Holding al other parameters congtant. the
degree Of dehuiling increases as thc mass of the grain
in the dehuller barrel is increascd.

Typica results for quantities ranging from 0.5
to 8 kg in the Mini-SISMAR/ISRA 1 machine usng
resinoid discs [ 10] is shown in Fig. 6. The degree of
dehulling decreases with increasing mass of grain for
loads less than 2 kg.

The following explanetion can be given for the results
in Fg. 6 usng Fg. 7. At very low loads thc grain at
level 1in Fg. 7 is not in contact with the disc; there
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Figure 5. Effect of mass.of:gr ".r‘z,on,dggree
of dehullmg ifpgg“ [Be} guantlties
of grain in’ ‘a*Mini:PRE"dehuller
using carborunduni’étones.

is no mouon of grain, hence no dehullmg As the
grain reaches level 2, the air motion caused by the
rotating disks entrains grains whxch él'e:then,
against the walls of the barrel. Thcygbmak into fine
particles, giving the impression that ;hemls l?emg
dehulled. This effect increases ;1@@%@% the
mass, of grain increases between%gggl %3, a
maximum being auamed at level 3, wh e disk is
nowtouching the grain unpans morg;hngg‘gﬁencrgy
1o the, grains. Between levels 3 and, 4ythe:disks. now
embeddqd in the grain abrade the hghter%quelope of
the. grains, giving an apparent decreas&m the degree
of. dchullmg Above level 4, the. degree of dehulhng
increases as the grains continue to be abraded.

s hypothesmed that the dehulling:that occurs

A dnis.pre-
. dommamly duc to friction between the.Jolgting,disks
and the grains. As level 4 is surpasseg.iltgsxsqggqsted ;

¢ .
= ﬁii M

' 1s bemg

that the. dehulling is a contribution of; therabrasion ¢

between disks and grain and between grains. -(Bran
in the barrel is considered to be part..of the. grain).
The .responsibility of the disk/grain- and gram/gram
interaction for the dehulling after. 1evel ;4 may,.be
supported by the fact that the de,gxeqpfﬁq*;‘l;gl,-hgg_ls
decreased in practice if the bran.is; aspirated: during
dehulling. Observations of dehulling:in the:PRL de-
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Mass
Ar#t

Degree of Dehulling

Diagram used to explain the effect
of mass of grain on the degree of
dehulling.

Figure 7.

processed (in batch sizes less than 3 kg), compared
to the village where 24 tonnes were being processed
(in batch Szes greater than 6 kg).

Effect of Grinding Surface

Studiesin Senegal [10] and in Canada [7] indi-
cated that resinoid disks, which are smoother than
carborundum stones, give better performance as in-
dicated by degree of dehulling, uniformity of dehull-
ing and power consumption. Mechanical aspects of
the dehulling action between grinding stones and
gran have been discussed [6]. Important charac-
terigtics of grinding stones for the dehullers appear
to be grit Size, the grade (proportion of bonding ma-
terid) and the surface dressing. Examples of abrasve
discs that have been used are:

+ carborundum stones made of coarse grit Slicon
carbide abrasves (85% of the totd composition)
with vitrified clay bonds
resinoid disks made of medium-grit duminum
oxitie abrasve (67%), cured phenol formaldeh-
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yde resin bond (14%), Fluorspar (10.6%) and
reinforced with fibreglass (7%) to improve their

strength.

The comparative peformance of lightweght
disks and grinding stones can summarized as follows:

+  Coarse grit Sones abrade grans much faster than
the smoother- faced resnoid disks but the colour
of the resulting flour indicates that the resnoid
disks produce more uniform dehulling as de-
monstrated Dy reflectance measurements.

« Grinding stones with coarse grit should te ro-
tated at lower speeds in order to produce de-
hulling comparable to resinoid disks.

« Grinding stones consume more energy compared
to lighter weight disks.

Resaults for the dehulling of maize usng a Mini-PRL
dehuller using 5 carborundum disks (3 kg each) and
8 resnoid disks (0.15 kg each) [ 10] are shown in Fig.
8. The carborundum stones consume more fud to
achieve a given degree of dehulling due to their
weight and surface friction effect.

Effect of Internal Lining in Barrel

The interaction between disks and grain, grain
and grain, and grain and the barrel wall is cornplex
and not well understood. Observations made during
the development of the RIIC dehuller, for example,
indicated differences between results for a bare wall
and one lined with rubber. The degree of dehulling
was improved when the wall was lined with a rubber
material; the dehulling was less uniform, and power
consumption was increased [7] as shown in Table 4.

Power consumption is increased due to the re-
stricted motion of the grains by the lining, and the
resulting increased resistance to the rotation of the
disks. This is because the lining restricts the motion
of the grains near the wal, causng higher resistance
to the rotation of the disks. In generd the grains near
the wal are less dehulled than thosc near the disks.

Areas for Further Studies

Although the mechanica performance of abra
sve disc dehullers is satisfactory, the S0Cio-economic
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Bignona Handallaye Tessan 8
Disk (24 1 dehulled)t - (4 t dehulled)t
No. - - - - te Resinold
Dis. | Thick. | Mass | Dia | Thick. | Mass ---;-l Carborundum
@m) | @o) | @ | @]l @ o o
1 229 34 | 28716 | 202 ™31 2154 ~ 4 ,2000 rpm
7 .
2 230 32 | 2751 | 159 | 30 | 1309 92 o.
3 232 33 | 297 | 164 33 | 1427 = \‘1:1
4 233 33 | 2957 | 162. | 33 | 1400 oz 5
5 230 | 32 | 2891 | 166 | :33 | 1499 0 Retention Time, min
6 325 30 | 2871 | 174 |33 | 1634 0 5 . .10 15 20 25
7 225 31 | 2462 | 174 |33, | 1624 FUE,L*,CbNgﬂﬂPﬁJION- mi/kg
8 228 32 | 2743 | 175 ] 34 | ‘1616 T
9 228 | 30 | 2064 | 180 | "3s [ T1s02
10 224 31 | 2490 | 227 |32, | 2181
AV.es | 229 32 277.0 178 33 | 17131
ol 97 | na sz | 28| s2 | ma3 e
' proper sizing Of dehullers for glven IoadS, reduction

Table 3. Wear experienced by resinoid disks
at village mills in Senegal. '

** Average value for al 10 disks,

* Percentage wear with respect to new:disks: diam-
gter = 254 cm, thickness = 3.6 cm, mass = 3703 g
¥Each batch dehulled gregter than 6 kg.

{Each batch dehulled between 2 and 3-kg.

3

vigbility of their operation IS very oftcn m questmn
mainly due to the inability of rura wo;n% ' yto pay for
denulling services, which is less thanalJS$.

» of grain. Thus any changes in the des1g11 and/or op-
erating conditions of the dehuller axmed 5at neducmg
its capital and operating costs would allow- it to be
more- widlely used. These technical changes-can be
obtained "by improving the understanding of the per-
formance of the dehuller.

There is aneed to describe the mcchamcs of the
interaction between the abrasive discs, the grain and
the intemal wall of the barrel. In such an inves-
tigation, it would be informative to deneunme the
optimum spacing between discs and how to maximize
the mixing of the grain so that uniform dehulling is
obtained. Results of such a study should lead to the

ization Of disk
capital and op-

of emtﬁ.=%&§9¥§_m§i%§,@@,

‘ ? ent-of thé dehuller is
the abmﬁvc%dmksggggsmﬁmﬁt to investigate the
effects-of ‘variousstypes«of discs.on the dehulling: of
grains. Emphasis* should:be placed on longevity of
disc surfaces and techniques for local manufacture.

Degree.
Dehullng
(%)
4
13
14
20~

Table, 4. ,EﬂWgWC dehuller on
* POWEE:1:€0 nsumptlon, throughput

and: degxgggigg dg!yglhpg for a given

flour. colour. for.sorghum
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CONCLUSIONS ;-

Abrasve dISk dehullers have several features
which make them:superior to. other. dehullers for use
in -developing: couritries: Their Performance is depen-
dent on the:types.ofsgrains; the physical arrangement
and speed of:rotation-of the disks, the retention time,
the intemal surface -of. the dehuller barrel, mass of
. grain bcmg ‘dehll '

YA %m

aspxratxon of ﬁle_ bran

_ ,raéﬁ’&% between rotating

disks, grans _ancltth ‘_fmtemal surface Of the barrel.
The development. of .appropriate abrasive surfaces
that are durable and, cheaper, .would encourage the
wide spread use of the dehullers.
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