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Abstract

Pigeonpea (Cajanus cajan (L) Millsp ) 1s an important protein-rich staple food in several parts of the
semi-arid tropics The development of new pigeonpea variehes has helped extend this crop into
nontraditional production areas, but the commercial adoption of the crop depends largely on such
factors as processing and consumption The availabihity of an effective small-scale processing tech-
nology to dehull pigeonpea grain 1s critical to successful pigeonpea production and marketing In
5n1 Lanka, the Department of Agriculture set up a promising pigeonpea production project sup-
ported by the Asian Development Bank and ICRISAT Under the project, a small-scale processing
machine was developed at the Farm Mechanmzation Research Centre (FMRC) The machine 1s ca-
pable of producing high-quality decorticated splits (dhal) of various pulse crops (black gram, green
gram, cowpea, soybean, etc ), and can process about 40 kg of pigeonpea grain in 1 h with 70-74%
recovery Besides dehulling and sphitting, the machine can clean and grade graimn or splits Thus
document summarizes important research results and relevant techmcal information about this
processing machine

Resume

Le pois d”Angole (Capanus cazar (L ) Millsp ) est un aliment de base riche en proteines dans plusieurs
parties des zones tropicales sermi-anides  Le developpement de nouvelles varietes de pois d Angole
a permus | extension de sa culture dans des zones de production non-traditionnelles Pourtant
l adoption de cette culture a I'echelle commerciale est liee étroitement aux facteurs telles que la
transformation et la consommation La disporubilite d une technologie efficace et de petite echelle
pour la decortication de graines de pois d”Angole est essentielle pour le succes de la production et la
commercialisation de cette culture Au Sr1Lanka, le Departement del Agriculture a mis en place un
project de production de pois d’ Angole soutenu par la Banque asiatique de developpement (ADB)
ains1 que par I'ICRISAT Dans le cadre de ce projet, une machine de traitement a petite echelle a ete
mise au pomt au Farm Mechanization Research Centre (FMRC, Centre de recherche sur le
machimsme agricole), a Maha Illuppallama, au Sr1 Lanka La machine peut decortiquer des
legumineuses diverses telles le haricot mungo, le nebe, le soja, etc, pour produire le Z%a/ (les
graines cassees) de haute qualite Elle peut traiter environ 40 kg de graines de pois d Angole en une
heure avec 70-74% de_recuperahon En plus du decorticage et de la cassure, la machine peut
nettoyer et cribler les graines entiéres/cassees Ce document donne un compte rendu des resultats
mportants de la recherche, ains1 que les nformatons techniques utiles sur cette machine

The research activities reported 1n this bulletin

were supported by the Asian Development Bank,
the Government of Sr1 Lanka, and ICRISAT

Cover Whole pigeonpea grain (top) decorticated and split pigeonpea dhal (bottom) and the new mulhing umt developed at
the Farm Mechamzation Research Centre (FMRC) Sn1 Lanka
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Foreword

Vegetable proteins are important components of both rural and urban Sr1 Lankan cusines The
Department of Agriculture in Sri Lanka, therefore, places a hugh priority on the promotion of pro-
tein-rich pulse crops The annual production of traditional pulses, however, falls short of the na-
tional demand, and 1n an attempt to signuficantly increase pulse production in the country,
pigeonpea has been 1dentified for cultivation in the dry and intermediate zones Although the crop
has been found to grow well in these environments, 1ts adoption has been constrained due to the
nonavailability of a suitable pigeonpea processing technology It gives me pleasure to note that the
Farm Mechamzation Research Centre, in collaboration with the Field Crops Research and Develop-
ment Institute of the Department of Agriculture, Sr1 Lanka, has successfully designed and devel-
oped a small-scale pulse processing machine under the ‘Pigeonpea intercropping and diversifica-
tion study project supported by the Asian Development Bank (ADB) and the International Crops
Research Institute for the Semi-Arid Tropics ICRISAT) The successful adoption trials of this ma-
chine have not only encouraged farmers but also succeeded in generating confidence among the
farming commuruty The ability of this machine to produce quality dhal from different pulse crops
and 1ts affordable cost will enable rapid adoption of the new technology among farmers and small-
scale millers/traders Iam confident that the development of thus processing machine will serve as
a gateway for pigeonpea productionin Sr1 Lanka This information bulletin is a commendable effort
by the authors in compiling valuable research results and other relevant information about this
pulse processing machine I hope that this document, besides disseminating information, will also
serve as a useful guide to users of the machine 1n Sr1 Lanka and 1n other countries where small-scale
pulse processing 1s still a production constraint

Sarath Amarasin

Drrector General

Department of Agriculture
Mirnustry of Agriculture and Lands
Sr1 Lanka



Introduction

Pigeonpea (Cajanus cagan (L) Millsp), com-
monly known as red gram or tur in the Indian
subcontinent, 1s an mmportant protein-rich
staple food for mullions of vegetarians in the
region Although India 1s the largest producer
of pigeonpea in the world, this foodgrainis an
mmportant pulse crop in countries of eastern
Africa and the Caribbean The ability of the
crop to survive and yield good economic re-
turns m drought-prone environments and low-
mput production systems, besides enriching
the soil, makes 1t an attractive option to dry-
land farmers New short-statured, short-dura-
tion, high-yielding varieties developed by the
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) have generated
interest m pigeonpea cultivation in such new
areas as Indonesia, Myanmar, Philippines, Sr1
Lanka, Surinam, Thailand, and Trirudad

In S Lanka, the staple food 1s rice, while
pulses provide a cheap source of protein which
ensures complementary levels of amino acids
n the diet Traditionally, such pulses as green
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gram (Vigna radwta), black gram (Vigna
mungo), and cowpea (Vigna unguiculata) have
been cultivated 1n Sr1 Lanka under subsistence
farming systems 1n the dry and intermediate
rainfall zones However, lentil dhal (decorti-
cated split peas), that 1s not grown locally, con-
stitutes a popular diet for a large proportion of
the population 1n the country The entire an-
nual lentil dhal requirement (about 40 000 t) 1s
1mported

The closest substitute for lentil identified by
scientists 1n Sr1 Lanka 1s pigeonpea Local pro-
duction and processing of pigeonpea could
result 1n substantial foreign exchange savings
Further, pigeonpea has much potential 1 the
rainfed uplands due to its wide adaptability
and drought tolerance Italso thrives under the
margimnal growing conditions of the island
where most other pulses would fail

In the rural areas of Sr1 Lanka, manually op-
erated stone mills have been used for centuries
to process dhal from cowpea, and, to a lesser
extent, from green gram and black gram
(Fig 1) The mulls are essenhally designed to
grind cereal gramn imto flour, and have no

i e
¥ Figure 1 Typical
% stone mull
traditionally
used 1 Srt

s Lanka to process
pulses into dhal
i (Ieft) Manual

it winnowing

| (right) to clean

| the grain before
malling



mechamsm to accommodate grains of various
sizes for dehulling and sphitting Hence these
mulls are unsuitable for processing pigeonpea
for commercial and domestic consumption As
a result, processing was 1dentified from the
outset as a major bottleneck in mntroducing
pigeonpea to Sr1 Lanka

In India, almost the entire pigeonpea
produce (2 5 million t) 1s converted mto dhal by
more than 10000 medium- to large-scale
dehulling mulls throughout the country At
present, there 1s no small-scale dehulling
machine available that 1s capable of producing
high-quality dhal During the last few decades,
a number of attempts were made by various
research orgamzations and unuversities in
India and Sr1 Lanka to perfect small-scale
pulse processing technology However, the
prototypes were not adopted by mullers, as
they either failed due to mnapproprate design,

or had certain socioeconomic hmutations
(Jayantha 1994)

The processing machines made 1n S Lanka
were based on various milling techmiques
(Jayantha 1995) The attriion type of machine
uses a paur of nigid, co-axially mounted abrasive
discs (one stationary and the other rotating)
The clearance between the two discs 1s adjusted
by moving one disc along the axis of rotation
During milhing, the gramns move from the center
of the discs to their periphery (Fig 2) In the
abrasion type of machine, a set of abrasive discs
rotating inside a box are used to mull the grain A
fixed quantity of grain is placed in the box and
the machine 1s run for a pre-determined period
(Fig 3) In the third type of machine, the gramn s
subjected to a combination of thrust and abra-
sion, between a rotating abrasive roller (comcal
or cylindrical) and a steel mesh or perforated
steel plate (Fig 4)

Gramns

/-————- Stationary disc

s S

] Milled grains
%vcf/——
<~

LY

<

“\———— Rotating disc

Figure 2 An attrition type milling unit
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Disc

Box

Drive shaft

Grains

Grains

Steel wire mesh cone

Abrasive cone

Milled grains

Figure 4 A mulling unit ustng a combtnation of attrition and abraston




For a successful pigeonpea introduction pro-
gram 1n new areas/countries, 1t 1s necessary
to link production with processing In Sr
Lanka, too, earher efforts to 1introduce
pigeonpea failed partly due to the non-
availability of suitable processing technology
To meet thus challenge”, two nstitutions of
the Sr1 Lankan Department of Agriculture —
the Farm Mechamzation Research Centre
(FMRC) and the Field Crops Research and De-
velopment Institute (FCRDI) — jointly de-
signed and developed a versatile small-scale
dhal producing machine (Fig 5) that was
quickly adopted by several small-scale traders
and farm orgaruzations As a result of the de-
velopment of the new processor the extent of
pigeonpea cultivation in Sr1 Lanka 1s now pro-
gressively increasing The machine s simple
and compact design facilitates easy manufac-
ture, operation, maintenance, and transporta-
tion The umit operates without much noise
and vibration, and can be easily adjusted to
process such pulses as cowpea, green gram,
soybean, etc , with high recovery and quality at
low cost

The availability of thus small-scale processor
m areas where the crop 1s grown will provide
an 1expensive source of protemn for rural
populations It will moreover help increase
farmers’ incomes by ehminating middlemen,
produce a value-added product, and generate
employment The mach re could therefore ful-
fill a long-felt need of various pigeonpea grow-
ing countries Besides describing the main fea-
tures of the processing machine, this bulletin
provides relevant information on 1ts operation,
maintenance, and socioeconomuc feasibility

The new milling technique

The new machine developed at FMRC can pro-
cess various types of pulses with lugh recovery
and quality In this techruque, an abrasive cone
rotates inside a stationary hollow cone (Fig 6)

The two cones are co-axially mounted in order
to maintain a uniform milhng clearance The
clearance can be adjusted according to grain

4

developed at FMRC, Srt Lanka

s1ze simply by moving the stationary cone up-
ward or downward The larger clearance at the
top of the assembly 1s designed for optimum
intake of grain while at the bottom, only one
layer of grain can be accommodated for max-
mum dehulling efficiency and quality

The rotary mner cone has a rigid outer lin-
ing made of No 16 grit carborundum The sta-
tionary outer cone has two types of lining on
the inside the upper portion 1s lined with 9-
mm-thick rubber sheet, while the lower por-
tion (a 3 8-cm-high band) 1s ined with abrasive
carborundum of No 16 grit (Figs 6 and 7) As
the mner cone rotates, the grains move from
top to bottom 1n a spiral path around the cone,
due to their weight and the friction forces ex-
erted on them The grains also tend to rotate as
they move down, and the abrasive action helps
remove the seed coat The rotation of grains 1s
an important event, and 1t 1s facilitated by the
frictional forces exerted on them and the soft-
ness of the rubber ining These frictional forces
are less powerful than the shear strength of the
gum layer binding the two cotyledons of the
grains (Fig 8) This results in the exertion of a
force-couple on the grains that helps to rotate
them and thereby facilitates theirr dehulling



Adjustable milhng clearance

Rubber outer cone

Abrasive Inner cone

Abrasive outer cone

Coll spring

Drive shaft

Figure 6 Design (sectional view) of the milling unst

Figure 7 The inner and outer cones of the milling
unit The inner cone 1s lined with abrasive
carborundum The outer cone has two types of
Iining inside rubber at the top, and a band of
carborundum at the base

The cushioning effect of the rubber sheet also
allows the grains to rotate without breaking
(Fig 9) and maintains a low reaction on the
gramns The dehulled unsplit grains — pearls
— then move further down into the space be-
tween the inner cone and the lower abrasive
portion of the outer cone At this point the fric-
tional forces exerted on the pearls exceed the
shear strength of the gum layer between the
two cotyledons, resulting in the pearls being
split into dhal The dhal and husk drop directly
nto a hopper below through the two operungs
(ports) of the metal base plate under the inner
cone When processing such small grains as
black gram, only one port 1s kept open, as 1t in-
creases the distance that the grains need to
travel between the two cones resulting in effec-
tive dehulling and sphithng

This combined attrition-abrasion nulhing
technique ensures both high recovery and
quality in dehulling and sphitting pulse grains
making the machine far superior to other types
operating on the principle of attntion or abra-
ston The recovery and quahty of dhal mamly

5
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Figure 8 Forces everted on a pulse gram during the milling operation (F=frictional, R=reaction, S=shear)

depend on the peripheral speed and surface
roughness of the rotary cone, and the gap be-
tween the two malling cones In this machine,
the mean veloaity of the mner cone surface

simultaneously driven by a single electric mo-
tor, and are mounted on a rigid 5-cm angle iron
frame to provide stability during its operation
and transport (Fig 10)

(2 5msec?) and surface roughness (No 16 grit)
have been fixed at optimum levels A simple

adjustment of the milhng clearance between Specifications

the two cones 1s sufficient to ready the machine Ouverall size Capacity

to process grains of various sizes Length 180 cm Pigeonpea 40kgha'
Width 95cm  Other pulses 50 kgha'
Height 150 cm

Description of the machine Weight 130 kg

The new pulse processor elegantly integrates ¥

the three major operating umts — mulling, air Recovery  70-74%

aspiration, cleaning and grading — requured to Power electric motor

produce high-quality dhal All these uruts are (1-hp, single-phase, four-pole)

Rubber surface
Grain

—————— Abrasive surface
S8 s se0s 2020000499 o0setEOesosete0e
g....o....'.'v....'OOOOOO...Q0.0'
"""""""f_l_!_l_!_!_!_I_!_l_i_l.""“"'
LA B IR S B N O s 60000 ©e et 000 00000

S 508 280000 OINOT O 00 BEN0ES0E 000 COOOES

Figure 9 Rotation of the grain between the stationary (rubber) and moving (abrasive) surfaces durmng the
malling operation
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1 dhal flow control

2 grain flow control

3 grain hopper

4 milling clearance control screw

5 milhing unit

6 grain cleaning and grading compartment

7 dhal cleaning and separating compartment
8 blower

9 electric motor

Figure 10 General view of the new pulse processing machine showng the mamn components and controls

Milling assembly

The mulling assembly consists of a feeding hop-
per, a milling unit and a collection hopper A
grain flow control gate 1s located below the
feeding hopper The mulling unut (Fig 10-5) 1s
compact in design consisting of a rotary inner
abrasive cone an outer hollow cone metal
base plate, and a rigid mount

The rotary cone (13 2 cm hugh, 25 7 cm base
diameter) 1s fixed to the upper end of the drive
shaft that runs on sealed ball bearings housed
in a bearing bracket The shaft 1s driven by an
electric motor at 300 rpm The bearing bracket
1s mounted rigidly on the main frame of the
machine The outer cone has four projecting
lugs with holes that sit on coil springs placed
on the vertical pins fixed on the extended arms

of the bearing bracket (Figs 6 and 11) This type
of assembly enables easy positiomung of the
outer cone and 1ts perfect ahgnment with the
axis of the rotary inner cone To adjust the mull-
ing clearance, the outer cone can be moved
upward or downward with the help of a spring-
loaded bolt located at the top of the cone The
clearance between the rotary inner cone and the
stathonary outer cone can be adjusted anywhere
between 0 5to 7 mm Underneath the cones, this
gap 15 closed by a metal plate with two ports
through which the milled grains are dropped
mnto the bottom hopper One of these ports 1s al-
ways open while the other can be closed or
opened by shding a plate over the port Ahopper,
attached to the main frame, delivers the mlled
grains directly into an air duct before they reach
the cleaning and grading assembly



Cleaning and grading assembly

The cleaning and grading of grain and dhal are
carried out by using sieves of different sizes
mounted on a single frame (square-sectioned
steel tube) This unit 1s divided into two com-
partments to receive whole grain and mulled
dhal separately, and 1t rests on four wooden
arms to facilitate optimum oscillation with a
backward angle of 9° The compartments are
slightly inchined (2°) toward the front (Fig 12)
The urut oscillates at 5 cycles per second, with
anamphitude of 12 mm Two manually operated
brushes beneath the sieves nelp release any ma-
ter1al that gets stuck 1n the holes of the sieve

The grain cleanuing and grading compart-
ment (Figs 10 and 12) has two tiers The top
tier has a single 50 x 20 cm sieve with 7 mm
diameter round holes The lower tier has two
sieves —a 50 x 20 cm sieve with 3 5 mm oblong
holes, and a 60 x 20 cm sieve with 55 mm
diameter round holes

The dhal cleaning and grading compartment
(Figs 10 and 13) consists of a series of sieves
The first sieve (25 x 20 cm) has 25 mm diam-
eter round holes, the second sieve (25 x 20 cm)
has 4 mm round holes, and the third sieve (60 x

8

Figure 11 The outer milling cone with lugs (left), and 1ts assembly on the inner cone (right)

20 cm) has 3 2 mm oblong holes A separate
hopper 1s attached under each sieve to collect
the graded material that drops through the
holes (Fig 14)

Arr aspiration assembly

A blower, directly coupled to the drive motor,
helps to remove the chaff and other hght par-
ticles from the milled grain immediately after
processing A flexible hose connects the blower
suction port to an air duct through which the
milled grain is delivered to the clearung and
grading sieves after processing

Critical adjustments

Before processing any material, three critical
adjustments are made to the machine to opti-
maze the output capacity, recovery, and quality

Grain flow control The rate of grain flow into
the milling chamber 1s important, and deter-
mines the dehulling qualhity High gramn flow
reduces the quality and increases losses due to
breakages Sometimes, the machine can be
overloaded by an excessive flow of grain On




Gramn hopper

T
Amplitude 12 mm aty c.\e‘a““:"/d . Sieve with oblong holes
frequency 5 Hz ® _f r Sieve with circular holes

- ~— T qu—%l%?———-— ———m=(irain (> 55 mm
I ey A

Grains (< 5 5 mm),
Wooden arm

Figure 12 Gramn cleaning and grading compartment

Light particles

Milled grains

~~

Amplitude 12 mm L Partly cleaned grains
Frequency 5Hz \ Unprocessed grains and pearls
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Particles (<2 5 mm) Brokens Splits (dhaf) >4 mm

R

Wooden arm

Figure 13 Dhal cleaning and grading compartment



LE RN
¥ /vlr ¢
)
i f;}f;
& e

Mm W%M oot

the other hand, reduced grain flow
will lower the output of the machine
The gran flow into the milling cham-
ber can be controlled by adjusting the
sliding plate located at the bottom of
the grain hopper (Fig 10-2)

Milling clearance This 1s most critical
adjustment of the machine The gap
between the inner and outer cones can
be controlled by turning a bolt located
at the top of the mulling unit (Fig 10-4)
Tightening the bolt clockwise pushes
the outer cone downward reducing
the gap between the cones This gap
has to be re-adjusted for each gramn lot

Dhal flow control The milling assem-
bly has a base plate with two ports
through which the mulled grains are
dropped into a hopper below One of
these ports 1s always open, while the
other the dhal flow control port canbe
closed or opened bv turming a screw
that moves a shding plate over the port
(Fig 10-1) When processing large-
gramed pulses both ports are kept
open For such small grains as black
gram, the adjustable flow control port
1s closed

Maintenance and repair

The pulse processor has been designed
for trouble-free operation and mmuru-
mum maintenance Even though the
machine has several vital moving
parts, no periodic lubrication 1s neces-
sarv Each pivot point uses self-lubri-
cating polyethylene bushes that can be

Figure 14 Cleamng and grading of
pigeonpea grain and dhal The
compartment on the right cleans and
grades whole pigeonpea gran before
milling Milled dhal 1s delivered through
the vertical awr duct to the cleaning and
grading sieves on the left



replaced easily without any special tools Both
the main drnive shaft and the intermediate
shafts are mounted on long-lasting, self-lubri-
cating, sealed ball bearings The most fragile
components of the machine are the wooden
swinging arms of the oscillating urut which can
be damaged by inappropriate handling or
transport Therefore, 1t 1s advisable to keep one
spare set of swinging arms while operating the
machine 1n remote areas No other spares are
required for the routine operation of the ma-
chine Table 1 gives an outhne of a typical
maintenance schedule The estimated mainte-
nance costs of operating the machuine for a period
of 1 year or 3000 h are given in Table 2, and are
easily affordable by small-scale mullers

Efficiency of the machine

Processing tests conducted at FMRC have
shown that the machine can process both wa-
ter- and oil-treated pigeonpea grain The wa-
ter-treated samples showed shghtly higher
(74%) recovery than oil-treated samples (71%)
However, the quality of dhal, measured n
terms of damaged and seed-coat-intact splits,
was the same 1n the two treatments It was also
demonstrated, using water-treated gramn, that
the dhal recovery in the FMRC machine (74%)
was higher than the recovery obtained with the
attrition (60%) and abrasion (70%) types of ma-
chines The dhal produced by the new proces-
sor also had better appearance

Table 1 Summary of routine maintenance of the
processing machine

Interval of

operation (h)  Maintenance job
750 Replace polyethylene bushes
5 000 Redress abrasive cone
replace rubber lining of
outer cone
15 000 Replaster abrasive cone and

replace ball bearings

Table 2 Estimated maintenance cost of the
processing machine (1 year or 3000 h)

Description of

maintenance work Cost (Rs)?

Replacement of polyethylene bushes 50 00
Redressing of abrasive cone 250 00
Plastering of abrasive cone 350 00
Replacement of outer rubber liming 7500

Replacement of ball bearings 450 00
Other breakdowns 500 00

Total 167500
Maintenance cost h'! 052
Maintenance cost kg dhal 002

1 All costs in Sri Lankan rupees 1 US$ = Sr1 Lankan Rs 54

Technical and socioeconomic
feasibility

Handling and operation

The machine 1s driven by a 1-hp single-phase
electric motor and can therefore be operated on
domestic power supply The machine 1s bualt
on a rigid metal frame base and does not need
to be fixed on the ground It can be transported
easily from one place to another The incorpo-
ration of the cleaning and grading functons
within a single processing unit helps to pro-
duce hugh-quality dhal with hugh recovery The
versatihty of the machine in processing differ-
ent types of pulses of various grain sizes has
increased 1ts utiity and demand No special-
1zed techrnucal skill 1s required to operate the
machine, and any person with some basic
training can use 1t effechively, which makes 1t
particularly surtable for wide use 1n rural areas

Although one person can operate this ma-
chine continuously without fatigue a helper s
requured to handle the materal for processing
All the critical control devices can be operated
with ease Only simple adjustments are re-
quured for dehulling different pulses Once the
machine 1s adjusted to process a particular
grain lot for optimum output and lugh quality,

11



it can be operated for long periods without any
further minor or major adjustments The rou-
tine maintenance of the machine 1s easy and
cost-effective The operational cost of produc-
ing 100 kg dhal 15 estimated to be about Rs 185
(1 US $ = 54 Sr1 Lankan rupees)

Safety features

The machine has been designed for a high
standard of safety with respect to noise level,
vibration, location of moving parts and control
devices, installation of electrical equipment,
etc Both vibration and noise have been re-
duced to a mumimum, and the operator does
not run any risk of deafness due to prolonged
operation Standard shock-proof electrical
equipment ehmunates the rnisk of electrocution
All the rotating parts of the machine are com-
pact and enclosed All critical controls can be
reached easily by the operator from one posi-
tton Once the machine 1s set 1 1ts optimum
processing mode, the operator can move freely
around without any danger of accident

Preparation of grain for processing

The mulling quality and recovery of the grain
are determined by several physical factors
These include the content of husk and 1ts hard-
ness, the amount, chemical nature, and hydra-
tion level of gums, and the shape, size and
moisture content of grain (Kurien 1981) Also,
care should be taken to prevent grain damage
by storage pests between harvesting and mull-
g

Grain cleaning, drying, and grading

In order to obtain quality dhal, any undesirable
foreign matter and plant debris should be re-
moved from the grain lot mecharucally or by
hand winnowing High moisture content of
grain 1s known to reduce dehusking percent-
age Dufferent varieties could have different
seed moisture requirements for maximum
dehusking (Kurien 1981) For commercial
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dehulling, where the gramn lots and varieties
differ considerably, it may not be possible to
obtain an optimum moisture level, 1t 1s recom-
mended that the seeds be sun-dried to about
8% moisture level Excessive drying, however,
can lead to hardening of grain and increased
scouring and losses due to breakage

Generally, within a grain lot or variety, there
15 always some variation in grain size and
shape, erther due to physiological disorders or
insect damage during the grain filling stage
The uruformuty of grain 1s essential for efficient
dehulling and sphtting, gramn lots should
therefore be graded properly before process-
g

Pre-milling grain treatments

The pigeonpea seed coat or husk 1s attached to
1ts cotyledons by a layer of gums and lignin
The mechanism of adherence of the husk to the
cotyledons has not been fully explained, but 1t
15 believed to be related to the tackiness of the
gums, which in turn depends on the amount,
chemucal nature, and extent of hydration A
pre-mulling treatment of the grain 1s therefore
essential to weaken the chemical bond be-
tween the husk and the cotyledons, and be-
tween the two cotyledons According to Kurien
(1981), the looserning of the husk can be
achieved by one or a combination of the fol-
lowing operations

* prolonged sun-drying until the seed coat 1s
loosened

* application of small quantities of o1l and /or
water, followed by several days of sun-dry-
g

* soaking in water, followed by coating with
red earth slurry, and sun-drying for several
hours

In the wet process, the soluble gums leach
outinto the soak water and the grains swell up
On drying, the cotyledons shrink resulting in
the husk becoming loose, and also tend to
“cave 1’ at the surface of contact with each



other Abrasive pressure then separates the
husk and splits the cotyledons (Kurien and
Parpia 1968) In the dry method, the o1l pen-
etrates into the gum layer and, with the mild
heat of the sun, spreads and reduces the layer s
tackiness (Kurien 1981)

At FMRC, various grain treatment combina-
tions were tested in collaboration with food
technologists It was found that mixing coco-
nut o1l @ 0 5-1% by weight, followed by sprin-
kling small quantities of water, and then sun-
drying to about 8% moisture level was most
surtable for looseming pigeonpea gramn husk
The grains have to be “pitted” to facihitate the
entry of o1l through the seed coat This 1s done
by passing the entire grain lot through the mull-
mg unt, with the gap between the cones only
wide enough to crack the seed coat The o1l
treatment can be carried out even on overcast
days since the parhally treated grain can be
kept for 2-3 weeks without sun-drying This
treatment y1elds good quality dhal

In the water treatment process, the gran 1s
soaked for 3-4 h followed by sun-drying
However, the grain must be dried soon after
soaking to prevent its decay

Processing operations

The various steps involved in processing
pigeonpea gramn are summarized in Figure 15
Each gramn lot 1s cleaned properly before pro-
cessing to remove impurities, and graded The
grain 1s fed into the small hopper of the ma-
chine from whch it falls directly on the upper
tier of the oscillating grader The sieves of the
upper tier remove chaff, stones, and mud clots,
while the lower tier sieves out immature/
shrunken grain and other small particles At
the final sieving stage, two grain lots of differ-
ent grain size are obtained These are pro-
cessed separately

Each grain lot 1s treated with o1l and /or wa-
ter and, after drying, the grain 1s fed into the
main hopper for dehulling The flow rate
and milling clearance between the cones 1s
adjusted The mulled grain drops into the

Impurities

Grading
(different grades will be
processed separately)

v

O1l treatment
(gramn and splits |«
separately)

Storage
(3-5 days)

LSprmkhng of water ]

Heaping
(3-4h)

Sun-drying
and heaping at mght

w‘ Coat and powder
Milling p (<25 mm pieces)

Brokens (2-4 mm)

Whole grains and pearls

¢ Split dhal with husk intact

Decorticated sphtsJ

v

Figure 15 Flow diagram of pigeonpea 01l treatment
and processing using the FMRC machine
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hopper through the dhal dropping ports of the
metal base plate Usually, both dropping ports
are kept open while dehulling pigeonpea, cow-
pea, and soybean However, if the machine 1s
used to dehul black gram or green gram, only
one port1s opened The milled material moves
further down through an air duct at the bottom
of the hopper Chaff, dust, and other hight par-
ticles, together with a certain percentage of
brokens (<0 5%) are sucked by the upward air
stream The partially cleaned material drops
onto the oscillating sieving unit which sepa-
rates small (<2 5 mm) and large (>2 5 mm and
<4 mm) particles, sphts, and unprocessed
grain The unprocessed grain can be fed into
the milling chamber again The pearls and
whole grain which remain unprocessed even
after the second pass are treated again before
re-processing Particles trapped in the sieve
holes are removed at regular intervals by pull-
ing and pushing the brushes located under the
sieve The splits (dhal) obtained from the ma-
chine are polished by rubbing them with a soft
cotton cloth This removes fine dust particles
from the surface of splits and imparts a shine

Additional information

Additional information about the availability
and cost of the machine and seed processing
technology can be obtained from the Director
General Department of Agriculture Pera-
deruya, Sr1 Lanka
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training, hibrary services, and pubhshing
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through the Consultative Group on International Agricultural Research (CGIAR) The CGIAR1s an
informal association of approximately 50 public and private sector donors, 1t 1s co-sponsored by the
Food and Agriculture Orgamzation of the United Nations (FAQO), the Urated Nations Development
Programme (UNDP), the United Nations Environment Programme (UNEP), and the World Bank
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