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Foreword

The contents of this publication represent an immense amount of
thoughtful and valuable work. It is indeed encouraging to observe how
much attention and investment is being devoted to increasing the yield
potential of the rice plant and to the development and demonstration of
improved systems of rice production in South and Southeast Asia. On the
other hand much less effort has been devoted to the postharvest rice system:
the continuum of activities that begins with the harvest and ends when the
rice grain is eaten and its by-products are efficiently used.

This training manual, which is the outcome of a regional training course
presented at the University of the Philippines at Los Baifios, provides a wealth
of useful information and advice to all who are directly concerned with rice
production, protection, processing, marketing, distribution, and use. The
contributors, together with all those who took part in organizing and pre-
senting the course, and in the design, compilation, and editing of this publica-
tion are to be warmiy congratulated upon the service they have rendered to
international food and agricultural development.

JosepH H. HULSE

Program Director

Agriculture, Food and Nutrition Sciences
International Development Research Centre
Ottawa, Canada
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Introduction

A cooperative research program in postharvest rice technology was
initiated by a working group of food scientists and technologists from Asia
that met first in Singapore in March 1972, One of the priorities identified by
this group was the need for short courses, training sessions, and seminars
dealing with postharvest systems. Training sessions were specificaily needed
to provide intensive training for development managers, technicians, and engi-
neers so that they could return to their countries to rehabilitate old facilities,
to manage and operate new and existing complexes, and to serve as extension
engineers.

This manual is derived from material prepared for one such training
course in postharvest technology that took place at the University of the
Philippines in April 1973 and was sponsored, in response to the working
group’s recommendation, by the IDRC and the Canada Plus One Project in
cooperation with the Southeast Asian Centre for Agriculture and the United
Nations Development Program Grain Industries Project (RP/UNDP
SF/PHI-70 534).

The introductory sections describe some of the anatomical and bio-
chemical properties of the rice grain in relation to postharvest processing
problems. By examining the mechanical and thermal stresses that are applied
during processing operations in conjunction with the anatomy of the rice
grain, insight is obtained into the causes of breakage during various processing
operations. Biochemical studies are correlated to variations in milling and
cooking quality to identify the criticai factors for consumer preference and
to examine the effect of grain hardness on milling quality.

The importance of the seed to the viability of the whole grain industry
is stressed in Standards, and two methods of maintaining seed quality, the
limited generation system of seed multiplication and seced certification, are
presented. In order to establish quality standards it is essential that grain
should be graded. The advantages and disadvantages of various grading
machines and their operational principles are examined. However, to ensure
the accuracy of both grading and laboratory analyses, it is essential that
proper experimental design and sampling techniques be used. These subjects
are reviewed and a model grading system and the Philippine rice grading
specifications are included as practical examples,

Suitable harvesting and threshing methods are required to achieve the
optimum benefit from improved production techniques. Harvesting and
Threshing covers the gradual changeover, from labour-intensive manual opera-
tions to mechanization, that is occurring in the tropical regions of the world.
The constraints affecting farmers, farms, crops, and equipment arc stressed,




and the methods for harvesting and threshing and their influence on grain
yield and quality are reviewed.

A review of the principles of psychrometry and some examples of the
practical application of the psychrometric chart are included in Drying since
a knowledge of the properties of air is essential for an understanding of the
processes involved in grain drying and storage. The significance, representa-
tion, and determination of the moisture content of the grain are stressed since
moisture content is one of the most important indices Tor timing the harvesi
and for ensuring safe storage and maximum milling recovery. B-cause the
rice grain is a living, respiring biological product, its respiration rate must be
reduced for safe storage by decreasing its moisture content to 14% or less
on a dry weight basis. The principles and practices used for reducing the
moisture content are outlined and several systems are described.

The climatic conditions of Southeast Asia are very favourable to rapid
insect and microbial growth, and in general create unique problems for grain
storage. Therefore, careful consideration must be given to the methods of
construction of storage facilities. In Storage the biological and physical
constraints governing safe storage and the problems associated with infesta-
tions of moulds, insects, and other storagc pests are discussed. Recommenda-
tions are given for the prevention of infestations and for other design param-
eters of storage facilities, such as methods of temperature and relative
humidity control especially suited to the tropics.

Many premilling techniques have been devised to increase the miliing,
nutritional, cooking, and eating quality of rice. The latest and most widely
used of these treatments is parboiling. Parboiling technology has evolved
from simple methods to complex industrial ones, and several methods and
their advantages and disadvantages are described. The basic principles of par-
boiling and their effect on chemical, biological, and eating quality are outlined.
Costs analyses of both a traditional and a modern parboiling plant are
presented to point out differences in the cost of parboiling and drying one
tonne of paddy.

Regardless of whether or not the rice is parboiled, it must be hulled and
milled efficiently. However, maximum efficiency and yield can only be ensured
by correct adjustment and operation of the milling machinery. The machines
are described in great detail in Milling, affording insight into their operation,
and providing a firm basis for an understanding of the principles of their
operation. By combining the description of their operation with the preceding
information on the characteristics of the rice grain, precautions and recom-
mendations for precleaning, hulling, husk and paddy separation, whitening,
polishing, and glazing are obtained. The comparative performance of different
rice mills is also illustrated,

The methods and systems of moving both bulk and sacked grain are
discussed in Handiing and Conveying. Several conveying systems are shown
and the uses and advantages of each system are discussed.

The section on Implementation is devoted to the software necessary for
the successful development of the grain industries. The importance of effective
communication of the improvements in processing technology are outlined,
and the necessity of establishing design criteria that meet the needs of develop-
ing countries are explained. Agribusiness management concepts and co-
operaties are reviewed to furnish ideas for effective organization and col-



laboration for the benefit of both the individual farmer and the whole
processing industry. In addition, two case studies are presented.

In Processing Methods the practices and special problems related to the
rice processing industries in various Southeast Asian countries are examined,
and suggestions for improvements and modifications to increase the efficiency
of individual systems are explained.

An Appendix includes the results of drying and milling tests and the
labour and power requirements for various harvesting and processing opera-
tions and provides a basis for some general comparisons between different
systems and procedures. In addition, biological and physical properties of
both the rice plant and the grain are given.

By virtue of its broad coverage, the manual is designed to be both a
teaching aid for future training sessions and a convenient reference for those
engaged in improved methods of rice technology.

To all those people who contributed directly or indirectly to the success
of the training course that formed the basis for this manual, and in particular
to the staff of the University of the Philippines at Los Baiios, I wish to express
my sincere thanks.

E, V. ARAULLO

Senior Program Officer

Agriculture, Food and Nutrition Sciences
International Development Research Centre
Asia Regional Office

Singapore
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Anatomical
Studies

An understanding of the gross anatomy of
the rice grain will: (1) clarify the reason rice
kernels break so easily on mechanical impact
during the physical operations of threshing
and milling and under thermal stress during
drying; (2) give a fairly precise visual deter-
mination of the degree of milling and, conse-
quently, the period of whitening that will
produce a particular combination of the
required recovery, nutrition, and palatability;
(3) indicate a means of visually examining
the effects of different hulling methods on the
surface tissue of the grain kernel and the
importance of this in storage; (4) demonstrate
the importance of the correct adjustment of
hulling machines to take advantage of the
structure of the grain in preventing breakage;
and (5) present the possibilities in certain
circumstances of benefitting from the much
greater bulk density of brown rice compared
with paddy and, therefore, economizing on
storage volume.

Anatomy of the Rice Grain

The outermost tissue of the grain is com-
monly known as the husk and is formed from
two specialized leaves, the lemma covering
the dorsal part of the seed and the palea
covering the ventral portion. The palea and
lemma are very loosely joined together longi-
tudinally by means of an interlocking fold on
cach side of the seed, and they are conse-
quently very easily separated. The husk is
formed mostly of cellulosic and fibrous tissue
and is covered with very hard glass-like spines.
In the dry seed there is a distinct space between
the husk and the caryopsis (kernel),

The outermost layer of tissue of the caryop-

sis is a thin sheet of fibrous cells, the pericarp.
This is sometimes called the silver skin be-
cause of its very flimsy and fibrous appearance
when it is dissected from the grain. The thin
pericarp layer is a very hard tissue that is high-
ly impermeable to the movement of oxygen,
carbon dioxide, and water vapour. When it is
intact it provides very good protection against
mould attack and oxidative and enzymatic
deterioration of the underlying tissues. Be-
neath the pericarp is the tegmen, which is a
layer several cells in thickness. These cells are
also a part of the seedcoat but are less fibrous
tnan the pericarp layer. They are rich in oil
and protein but contain little starch. Beneath
the tegmen is a layer of tissue several cells in
thickness commonly known as the aleurone
layer or bran. This layer of cells is very rich in
protein, oil, and vitamins with a relatively
small amount of starch. The shape of the cells
is somewhat hexagonal to spherical. The inner-
most tissue of the caryopsis is the starchy
endosperm, which contains only a very small
percentage of protein. In the central core of
the grain the starchy cells are somewhat hexa-
gonal in shape, but between the cenire and
the outside they are elongated with the long
walls radiating outwards from the centre. K is
the radial walls of the starchy cells that form
thousands of potential cleavage planes that
may result in breakage of the grain as a result
of mechanical impact or thermal or moisture
stress during processing.

In cross section the total caryopsis has an
undulating shape, the undulations correspond-
ing with those of the husk. The undulating
form is important in the whitening process
because the bran layer can only be removed
entirely when the undulations have been com-
pletely levelled.

Significance of Grain Anatomy in
Processing and Handling

The paddy grain, which is very fibrous and
covered with hard spines, is very abrasive and
easily causes wear and tear in mild steel con-
veying ducts. For this reason, chain, flight,
and belt conveyors are often used.

The distinct space between the husk and
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the caryopsis in dried grain allows the grain
to be dehusked without any or with very little
abrasion to the pericarp. Provided the clear-
ance between the shearing surfaces of the hull-
ing machinery is very critically adjusted, the
palea and the lemma can be separated from
the caryopsis with only a minimal mechanical
stress against the surface of the caryopsis.
Dehusking between rubber rollers can be effec-
tive without scratching the pericarp. On the
other hand, with the emery disc type of hulling,
even if very well adjusted, it is difficult to avoid
at least some abrasion of the pericarp. When
such abrasion does occur, it usually results in
damage to the oily layers beneaih the pericarp
that release lipase enzyme, which results in
enzymatic hydrolysis of the oil to produce

free fatty acids, that are commonly manifested

as rancidity. If the grain is to be stored in the
form of brown rice, it is extremely important
that the pericarp of the caryopsis is not dam-
aged during the dehusking process. There are
a number of advantages to be gained from
storing the grain as brown rice, principally the
fact that brown rice occupies about half the
volume of an equivalent quantity of paddy. It
may also be useful to store the grain as brown
rice in large milling centrals because they are
equipped to dispose of the large quantities of
husk created.

The radiating configuration of the outer
starchy cells of the endosperm makes breakage
very easy in the grain. The risk of such break-
age is quite clearly much greater when impact
is exerted along the side of the grain rather
than at the end. Tt has been observed that
breakage during the manual beating of grain,
even at a moisture content of about 20%, is
much greater than in certain types of mechani-
cal threshing where the force is applied to the
ends of the grain, The alignment of the longi-
tudinal walls of the starch cells across the body
of the grain makes it very friable during the
drying process and when the temperature of
the grain reaches 48 °C, thermal stress is
likely to cause breakage. Further mechanical
stress may be the cause of grain breakage
during conveying and milling.

It is very important to avoid breakage of the
rice because in the whitening stage of the
milling process, the surface area of the grain

exposed to abrasion is much greater, and much
more than bran is lost. This results in a low
total rccovery and a low recovery of whole
grain.

Some Staining Techniques that Reveal
the Action of Milling Machinery

It has been mentioned that in rubber rol
hulling the husk may be removed without
damage to the pericarp layer of the caryopsis.
This is particularly important in storage, be-
cause the pericarp layer is highly impervious
to gaseous exchange, and protects the bran
oil from oxidation and hydrolysis. On the
other hand, it is difficuit to avoid at least some
abrasion of the pericarp during emery disc
type hulling. This effect can be observed with
the naked eye by staining the grain with a
standard solution of iodine in alcohol and
water. Where the pericarp is damaged the
exposed starchy cells below take on an almost
black colour, and the pericarp and bran cells
are not affected.! With rubber roll hulling
there may be no starchy endosperm exposed,
but almost invariably emery disc hulling leaves
the pericarp extensively pitted, resulting in the
corresponding pattern of black stains with
iodine. Such abrasion of the pericarp tissue
may also be accompanied by grain breakage
or cracking as a result of mechanical stress.

Iodine staining may also be used to deter-
mine at what point during the whitening cycle
the bran is removed completely. During
whitening the pericarp may be removed during
the first 15 s, leaving the starchy endosperm
virtually untouched and covered with most of
the bran. At this point the fibrous tissue, which
is usually regarded as objectionable from the
eating point of view, is already removed com-
pletely. Most of the soft bran tissue is removed
during the next 1.5-2 min, leaving only a small
amount of bran with most of the starchy endo-
sperm exposed, Continued whitening usually
results in the removal of the ridges of the
caryopsis oaly, still leaving the strips of bran
in the depressions between the ridges. Com-

IDetails of the chemical composition of the
rice grain are found in “Biochemical Studies.”
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plete whitening, with removal of almost all
the bran, may only be achieved by polishing,
following 4-6 min of whitening,.

The grain might be considered as quite
palatable after only 1.5-2 min of whitening
and if this were the case, it would fortunately
coincide with high recovery and high nutri-
tional value because most of the protein and
vitamins, in addition to oil, are in the bran
layer.

The removal of the bran may also be
demonstrated by staining the progressively
whitened rice with a standard solution of
Sudan 4 in alcohol and water, This stain
causes a red coloration in oily tissue, and
consequently the bran and the germ are very
clearly stained. This staining produces a pat-
tern, which is the reciprocal of the iodine
staining.

The staining techniques described above
cannot be universally standardized because
they are useful only to describe what happens
in a particular set of rice machinery. The
removal of the bran, with the same rice variety,
has a different rate in, for example, cone-type
whitening, abrasive disc-type whitening, and
horizontal steel cylinder whitening. — JOHN
RawnNsLEY. Department of Agricultural Engi-
neering, College of Agriculture, University of
the Philippines at Los Bafios, College, Laguna,
Philippines.

Biochemical
Studies

The rice grain consists of the edible portion,
brown rice, enclosed by the hull or husk.
Starch is the major constituent of rice and
is present in the endosperm as compound
granules 3~10 um in size. Protein is the next
major constituent and exists in the endosperm
as bodies 1-4 um in size. The concentration
of nonstarch constituents is higher in the bran
and germ fractions than in the endosperm.

Starch and protein accumulation in the grain
is essentially complete 3 weeks after flowering.
Opaque portions in nonwaxy or nong  “us
grains contribute to high grain breakage during
milling. Cooking time is affected directly by
the gelatinization temperature of the starch
and by the protein content. The amylose/
amylopectin ratio is the major factor influenc-
ing water absorption and volume expansion
during cooking, as well as the texture and gloss
of boiled milled rice. However, varieties of
similar amylose content are known to differ
in eating quality due to differences in starch
gel consistency and viscosity. Aging through
storage results in higher total and head rice
yields, greater water absorption and volume
expansion during boiling, a more flaky boiled
rice, and reduced solubility of starch and
protein in water.

Gross Composition and Properties
of Brown Rice

Proximate Analysis

The edible portion of rough rice, the brown
rice, consists of about 8% protein, 75% car-
bohydrates, and small amounts of fat, fibre,
and ash at 14% moisture (Table 1). Milfed
rice (endosperm) has 7% protein and 78%
carbohydrates (mainly starch). These nutrients
are unevenly distributed in the rice seed. The
nonstarchy constituents, particularly fat, fibre,
minerals (ash), and vitamins, are concentrated
in the aleurone layers and germ; whereas,
starch is found mainly in the endosperm, Pro-
tein distribution in the grain cross section
becomes more even as protein content in-
creases.

Properties of Starch and Protein

Starch and protein are the major constitu-
ents of milled rice. Starch is present in the
form of compound granules 3-5 um in size.
These starch granules are pelyhedral due to
their close packing in the endosperm cells of
the mature grain. The protein in the endo-
sperm exists. in the form of discrete particles
(protein bodies) 1-4 um in size.
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TasLE . Caloric and nutrient contents of brown and milled rices and the losses during milling.

Brown Milled Loss
rice rice during
/ (Pinawa) (Bigas) milling (5%)=
Moisture 140 140 10
Food energy (Kcal/100 g) 352 354 10
Protein (g/ 100g) 8.3 7.1 23
Fat (g/100 g) 19 0.5 76
Total carbohydrate (g/100 g) 74.9 77.8 6
Fibre (g/100 g) 0.7 0.4 49
Ash (g/100 g) 11 0.6 51
Caleium (mg/100 g) 9 8 20
Phosphorus (mg/100 g) 183 104 49
Iron (mg/100 g) _ 1.6 1.2 32
Thiamine (mg/100 g) 0.29 0.10 69
Riboflavin (mg/100 g) 0.07 0.05 36
Niacin (mg/100 g) 39 2.3 47

*Based on 109 bran removal and on the total nutrient content of brown rice.

Starch molecules in the granule occur in an
orderly arrangement giving crystallinity to the
granule in both waxy and nonwaxy rices. One
characteristic physical property of the starch
is its gelatinization temperature, the tempera-
ture range in which the starch granules start
to swell irreversibly in hot water with loss of
crystallinity. The range of final gelatinization
temperature of rice starch is 56-59 °C. Gela-
tinization temperature is measured by the
extent of disintegration of milled rice in the
alkali test.

Starch granules are fairly hygroscopic;
therefore, the moisture content of the rice
grain readily changes with a change in storage
temperature or relative humidity. Its moisture
content is about 14% at 75% relative hu-
midity (27-32 °C).

Starch is made up of glucose units and
occurs as two distinct fractions —a branched
fraction amylopectin and a linear fraction
amylose, Starch may be classified as waxy or
glutinous (mainly amylopectin or less than
2% amylose), or nonwaxy or nonglutinous
{containing more than 5% amylose). Waxy
starch stains reddish brown with iodine; non-
waxy starch stains purple blue with iodine; and
amylose stains blue with iodine. This amylose-
iodine blue colour is the basis for the analysis
of the amylose content of nonwaxy starch.
Amylose content of nonwaxy milled rice

ranges from 7 to 33%. This corresponds to
9-37% amylose in the starch and to 63-91%
amylopectin in the starch, Amylose content is,
therefore, an index of amylose/amylopectin
ratio. Amylose/amylopectin ratio and gela-
tinization temperature are generally inde-
pendent properties of rice starch,

Rice protein is mainly water-insoluble. It is
usually determined from Kjeldahl nitrogen
multiplied by 5.95, based on the mean nitrogen
content of 16.8% of rice protein. Like starch
granules, the protein bodies show in cross
section an orderly arrangement of alternahing
electron-dense and electron-thin concentric
rings.

Changes During Seed Development

Dry matter production is essentially com-
plete 3 weeks after flowering at which time
wet weight is maximum, Starch granules are
first observed by 4 days after flowering and
protein bodies by 7 days after flowering. In
Los Bafios, Philippines, maximum head rice
yield is obtained between 4 and 6 weeks after
flowering in the wet season (20-24% mois-
ture) and between 4 and 5 weeks after flower-
ing in the dry scason (18-20% moisture). In
a less humid climate, as in California, USA,
optimum head rice yield is obtained at higher




moisture conteuts of 22-30% probably be-
cause of the greater stress on the grain during
drying in the panicle.

Grain Dormancy

Most tropical rice varieties possess some
degree of dormancy. The seeds will not germi-
nate completely immediately after harvest and
require an after-ripening period of 3-6 weeks
at ambient temperature for complete germina-
tion, Dormancy in rice is not due to embryo
dormaixcy since the excised embryo is capable
of germination. The structures covering the
embryo act as barriers to germination since
dehulling partially breaks dormancy. Pricking
the dehulled rice (brown rice) near the embryo
(and not elsewhere) completely breaks -dor-
mancy. The covering siructures probably re-
duce the diffusion of oxygen to the embryo in
the dormant seeds, because dormancy mayv be
broken by placing the grains in an oxygen
atmosphere and dormant and nondormant
grains have the same respiration rate during
steeping in water. Hence, the causes of prain
dormancy are probably biochemical.

When grains have to be planted after har-
vest, dormancy may be broken quickly by heat
treatment up to 35 °C in open containers or
by treatment with acid. The degree of dor-
mancy is relatively less in the dry season than
in the wet season due to the relatively higher
temperature during the dry season.

Milling Quality

Opacity of waxy rice endosperm is due to
the presence of micropores within the starch
granules. Opacity of portions of nonwaxy rice
grains, such as the white belly of IRS, is due
to air spaces between the starch granules.
Opaque portions in nonwaxy rice result in a
softer grain that breaks more easily during
milling than grains that are completely trans-
lucent, The endosperm of wexy rice, on the
other hand, is just as hard as the cndosperm of
nonwaxy rice,

Studics on grain hardness are difficult to
evaluate because head rice vield is affected by
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environmental conditions such as moisture
content at harvest, conditioning and drying
after harvest, and by aging during storage. In
addition, coarse-grain varieties, which have
more aleurone cell layers, usually require more
pressurg to mill to the same degree in a MceGill
mill than slender fine-grain varieties. Such
differences in grain size and shape contribute
to the difficulty in developing methods for
cstimating endosperm hardness.

Endosperm hardness may also be related to
the packing density of the starch and grain, as
reflected in the gelatinization temperature of
the starch granules. Gelatinization tempera-
ture correlates with the resistance of the
granule to corrosion by acid or starch hydro-
lyzing enzymes and to enzymic hydrolysis
during early germination, However, most of
the coarse grain japenica rices have a low
gelatinization temperature, and most tropical
rice varieties have an intermediate gelatiniza-
tioni temperature,

Cooking Quality

Rice is chiefly eaten as boiled milled rice.
Cooking time is directly affected by the gela-
tinization temperature of the starch and by
protein content. However, water absorption
and volume expansion during cooking are
directly affected by amylose content. Waxy or
glutinous rice expands the least during cooking
and its cooked grain has the heaviest bulk
density.

Some rices, like Fasmati D25-4 and certain
Tranian varieties, show extreme elongation
when presoaked grain is cooked. The nature of
this property is not well understood. These
samples tend to have a gelatinization tempera-
ture below 74 °C and an amylose content below
25%, but not all varieties with this combina-
tion of properties show extreme elongation.

Water soluble vitamins, such as thiamine,
riboflavin and niacin, may be partially lost
during washing of the mitled rice before boil-
ing and in the cooking process, particularly if
the rice is cooked in excess water and the
cooling gruel is discarded. Protein loss is
minimal since it is essentially insoluble in
water.
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Eating Quality

Amylose/ Amylopectin Ratio and Gel
Consistency

The ratio of amylose to amylopectin in
starch, as indexed by amylose content, is the
chief influence on eating quality. It correlates
negatively with taste panel scores for cohesive-
ness, tenderness, and gloss of the boiled rice.
Cooked waxy rice is very sticky, tender, moist,
and glossy. It retains these properties even
after storage for a few hours up to a few days.
It is the staple food in parts of Laos and
northern Thailand. The texture of freshly
boiled waxy rice is not affected by differences
in gelatinization temperature; however, cooked
samples with a high gelatinization temperature
(74-78 °C) of the starch tend to harden faster
on storage, due to the higher molecular weight
of their amylopectin.

Most tropical nonwaxy varieties have amy-
lose contents of 20% or higher, although a
few, such as Khao Dawk Mali from Thailand,
Chhuthana in Khmer, and IR24 in the Philip-

pines, have lower amylose contents (14—
18% }. Most of these varicties have a gelati-
nization temperature between 70 and 74 °C.
Amylose content may be classified as low
(below 20%), intermediate (20-25%), and
high (above 25% ).

Low amylose rice is preferred in Japan
and South Korea for its stickiness, tenderness,
gloss, and taste (Table 2). It is more sensitive
to overcooking than rices with over 20%
amylose and its cooked grains disintegrate
when soaked overnight. Most japonica varie-
ties have a low gelatinization temperature,

Filipinos and Indonesians prefer interme-
diate amylose rice, because it remains soft
even when stored overnight. This kind of rice
has between 20 and 25% amylose.

High amylose rices differ widely in the rate
of hardening of cooked rice. A gel consistency
test, based on the tendency of cooled rice gel
(100 mg flour in 2 ml 0.2 N KOH) to flow.
readily classifies high amylose varieties into
those with hard (26-35 mm), medium (36—
50 mm), or soft (51-100 mm) gel consist-
ency. In most of Asia, high amylose rice with

TabLE 2, Ranges of amylose content, gel consistency, and BEPT types of milled rices obtained from rice

producing coudries.

Amylose content Gel
range consistency BEPT

Country Varieties (% dry basis) types® typest
Bangladesh 20 15-26 5 >MH 1>1
Burma 10 20-31 — 1
China 5 22-32 S > MH LI
India (Hyderabad) 24 15-27 S > MH LI
India (Maharashtra) 14 18-26 MH > § LI
Indonesia 10 18-23 S>M 1>LH
Japan 12 12-17 s L
Khmer Republic 6 13-26 S>H I>L
Laos 3 waxy, 16-24 - LT>H
Malaysia 19 10-28 SM>H I>LH
Nepal 16 18-25 SH L>1
Pakistan 7 21-29 HMS LI
Philippines 18 22-30 S > MH L>1
Sri Lanka 10 24-28 H>M !
Taiwan 10 15-26 S>H L >
Thailand 12 waxy, 10-28 S>MH L>
South Korea 10 16-2t S L
South Vietnam 10 18-29 S 1

*S = goft; M = mediom; H = hard; > greater than.
YL = low; I = intermedinte; H = high; > greater than,
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a soft gel consistency is preferred over rice
with a hard gel consistency. Cooked rice with
a hard consistency hardens faster during cool-
ing, shows a higher amylograph setback, a
higher gel viscosity, and has a lower level of
water-soluble amylose at 100 °C than rice
with a soft consistency. Differences in the gel
viscosity of starches of similar amylose con-
tent, including waxy starches, are due mainly
to differences in the viscosity of the amylo-
pectin fraction of starch. In Sri Lanka where
most varieties have high amylose content,
“samba” varieties (small- and short-grained)
are preferred to bold, long-grained varietics
because of their greater resistance to splitting
during boiling.

Such high correlation (r = 0.8) between
texture of cooked rice and amylose content
limits the extent to which any one variety can
universally meet the different eating quality
preferences in various countries. Texture
differences in boiled rice, rather than actual
differences in flavour level, may contribute to
the reported flat taste of IR8 (high amylose
content) in Indonesia as compared to interme-
diate amylose rice like Bengawan. However,
a high amylose rice with medium to soft gel
consistency like IR20 and IR26 may find wider
acceptability in tropical Asia than an inter-
mediate type such as C4-63G or a high type
with hard gel consistency such as IR8 and
IR22. Varietal differences in eating quality
within the same amylose class are common,
because amylose accounts for at most 65%
of the differences in eating quality.

Other Factors

Protein content is a secondary factor affect.
ing texture, It is important in countries where
the amylose range of the rice varieties is
narrow. Protein is the major quality factor in
Spain, although the preferred variety is higher
in both protein and amylose ievels than the
other varieties. Differences of two percentage
points in the protein content among samples
of a variety have no significant effect on the
colour score of cooked milled rice.

Aromatic varieties are preferred in many
countries, but the preferred aroma may differ
from region to region. The exact nature of

DR

the aroma has not been studied, but varieties
differ in the character of the aroma, Climatic
factors have a marked effect on the intensity
of the aroma because it is volatile.

Aging

The rice grain changes in some properties
during the first 4-6 months of storage, particu-
larly above 15 °C, regardless of whether it is
stored in rough, brown, or milled form. The
brown rice becomes progressively more resist-
ant to milling and total and head rice yields
increase, Wolume expansion and water absorp-
tion of milled rice during cooking increase.
The starch and protein become less soluble in
the cooking water. In addition, except for
waxy rice, the cooked rice becomes more
flaky. Aroma is lost and seed viability de-
creases progressively during storage. Aging
probably starts in the grain in the field prior to |
harvest and is accelerated by heat treatment
during drying. In fact aging may be acceler-
ated by treatment of the grain with dry or wet
heat.

Parboiling probably originated with aging
as its primary purpose. It consists of steaming
presoaked grains and slowly drying them. The
changes are mainly physical and the process
results in a harder and more translucent grain,
Milled parboiled rice is reported to have a
higher content of water-soluble vitamins than
milled raw rice because, during steaming, these
vitamins diffuse into the endosperm. A more
likely explanation is that parboiled rice is
undermilled compared to raw rice under the
same milling conditions and contains more
vitamin-rich bran polish.

High temperature drying of moist grain may
result in parboiling of the grain, as in hot-sand
drying or infrared heat drying of rough rice.
The parboiling effect during drying is more
evident in the wet-season crop than in the
dry-season crop.,

Processed Rice

Varigties in the same amylose class may
differ in the quality of processed rice. In
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processed rice, including parboiled rice, which
is not consumed immediately after processing,
factors other than the amylose/amylopectin
ratio may provide information on factors that
are also important in boiled rice quality. Most
of these differences are related to differences
in the gel consistency and viscosity of the
starch.

- Waxy rices are used mainly for sweets,
pudding, desserts, cakes, and sauces. In Japan,
waxy rices that differ in cake quality also
differ in gelatinization temperature and molec-
ular weight of amylopectin. Philippine waxy
parboiled flaked rices also differ in tenderness
on reconstitution with water, especially after
storage. Generally, waxy rices with a high
gelatinization temperature (74-78 °C) give
cooked products that are less sticky and
harden faster than rice with a low gelatiniza-
tion temperature,

Low amylose rices are preferred for break-
tast cereals and baby foods because, among the
nonwaxy rices, their gel has the least tendency

to harden during storage. Puffed rice and
popped rice manufacturers prefer waxy and
low amylose rices for their greater puffed
volume, which probably results from their
higher equilibrium water content during steep-
ing in water prior to parboiling. The higher
water content results in a greater degree of
parboiling, which directly affects puifed
volume,

Intermediate amylose rices are used in
canned soups in the USA. In preparing Philip-
pine fermented rice cakes, varieties of inter-
mediate amylose content with soft gel con-
sistency are used because of their soft texture
and optimum volume expansion on steaming.

High amylose rices, particularly those of
hard gel consistency, are ideal for rice noodle
manufacture, because of their greater stability
and resistance to disintegration on over-
cooking. — BIENVENIDO Q. JULIANOG, Depart-
ment of Agricultiral Chemistry, International
Rice Research Institute, Los Baiios, Laguna,
Philippines.
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Seed
Multiplication

The seed as a component of the production
phase in the grain industry can be considered
as a ‘mini-industry’ that requires integration
of production, processing, storage, and mar-
keting, in addition to that part involving
milling. Although only a small part of the total
system, the seed has a strong influence on the
viability of the industry because, as the most
basic input, the seed sets the upper limits of
productivity, product quality, and conse-
quently price. The linkage of seed in the grain
industry is illustrated in Fig. 1. The seed pro-
gram in the grain industry, therefore, deserves
full recognition in systems planning and
implementation.

Systems of Seed Multiplication and
Certification

In seed production, quality control has a
central role. All phases from seed multiplica-
tion, processing, and storage to distribution
and marketing should be subject to quality
contral either by seed testing, inspection, regu-
lation, or certification. Therefore, the seed
laboratory is essential to the quality control
program (Fig. 2).

A system of seed production to provide the
needed quantity of seeds with a given guality
is illustrated in Fig. 3. In this system of seed
production, there are two schemes for quality
control, namely, the limited generation system
of multiplication and seed certification.

In the limited generation scheme of seed
multiplication, control of genetic or varietal
purity is attained by limiting the number of
generations that the seed may be increased
from the original or breeder seed. In rice,
under this system, the third generation is usu-
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Fig. 1. Linkage of the seed in the grain industry
(Gregg et al. 1970},
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PRODUCTION
STORAGE HARVEST
QUALITY
CONTROL
TESTING \
TREATING DRYING
PROCESSING

Fig. 2, The seed laboratory as the hub of sced
quality control (Grabe 1968).

ally the seed intended for commercial crop
production. Thus, this system recognizes the
following classes of seed:
No. of generations
from breeder seed

Breeder 0
Foundation 1
Registered 2
Certified 3

The seed-class nomenclature may change
from country to country, but what is essential
is an understanding of the number of genera-
tions involved in seed multiplication, The con-
cept is that the farther away the seed progeny
is from the breeder seed, in terms of filial
generation, the greater the chances of varia-
tion from the original purity.

In addition to quality control by means of
the limited generation system of multiplication,
seed certification is required in the production

BREEDER

Multiplication
with quality contral

of the different classes of seed mentioned
above to ensure that certain field and labora-
tory seed standards arc satisfied. The process
of certification consists of two successive
phases: (1) field inspection; and (2) labora-
tory inspection or seed testing and analysis.

Certification presumes the existence of
standards for inspecting seed fields and exam-
ining seed lots. In general, field standards
provide for proper field isolation and tolerance
for field mixtures; whereas, seedlot standards
set tolerance limits for varictal and physical
purity, percentage germination, and moisture
content. Seed certification, therefore, focuses
its evaluation on: (1) genetic or varietal
purity; (2) physical purity; and (3) germina-
tion or planting value.

In field inspection, the main problem is
sampling because it is impossible or impracti-
cal to examine every single plant in the seed
field or every single portion of the field. In-
field visits must be carefully planned for
efficiency and reliability of inspection. Figures
4-7 are examples of field inspection route pat-
terns for a rectangular field, showing the com-
parative efficiency and accuracy of each
pattern.

Assuming that the field meets established
standards of isolation and crop stand, the seed
crop is gathered from the field. The field in-
spector draws a sample from the seed harvest
and forwards it to the seed laboratory for the
next phase in certification, which is seed exam-
ination. The seed sample is subjected to a
series of tests and the results are matched with
established seed quality standards to determine
if the seed 1ot qualifies for the certification. 1f
certified, a tag containing all the information
on the seed lot pertinent to the quality factors

COMMERCIAL

SEED

limited generation system

>

SEED

seed certification

Meager quantity

Superior gquality

Vatuminous

Satisfactory guality

Fic. 3. Meeting seed quality and quantity needs by proper multiplication,
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Fig. 4, Techniques of inspecting paddy fields (Seed Processing, Storage, and Distribution). Procedure:
(1) inspector decides how many steps (s) he will take from corners and into the field before making
count; (2) counts from centre of field at least 20 steps from edge.

is attached to each bag. Figurc 8 shows the
series of tests for ascertaining seed lot quality
in rice,

The importance of proper sampling tech-
nique cannot be overemphasized because so
much depends on the sample. However, as
shown by field experience proper sampling is
easier said than done. As a guiding principle,
sampling should be done from as many posi-
tions within each seed bag and from as many
bags as possible because the sources of sample
differences are within-bag and between-bag
variations.

Seed Processing Principles

In the broadest sense, seed processing en-
compasses all the steps involved in the prepar-
ation of harvested seed for marketing. These

include handling, threshing, preconditioning,
drying, cleaning, size-grading, upgrading,
treating, and packaging. More commonly,
however, seed processing refers only to precon-
ditioning, cleaning, size-grading, and upgrad-
ing of seeds. The steps involved are similar to
those in grain processing, except that the pro-
cessed seed is intended for planting.

In seed processing a seed lot is conceived as
a mixture of good seeds, undesirable seeds, and
other types of materials, The removal of these
undesirable materials from the good seeds
(Fig. 9) converts a seed harvest into a market-
able grade of seed, Obviously there are many
steps involved (see Fig. 10).

The first step is receiving seeds at the pra-
cessing plant in containers or in bulk. From
the receiving station, seeds go into bulk storage
for later processing, or to conditioning and
precleaning, which includes removal of trash,
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Fig. 5. Techniques for inspecting paddy fields
(Revier and Young). Area 40 ha (100 acres),
(805 X 503 m, 880 X 550 yards); travel
2605 m (2850 yards); coverage % of field;
centtre covered twice; outer portion of mid-
field not covered; remotest part from
inspector 183 m (200 yards).

debearding, etc. to make the next step, basic
cleaning, more efficient. Basic cleaning is the
first actual cleaning and/or upgrading step,
and the air-screen cleaner is the most com-
monly used machine, If needed, the seed may
go through more special separating or upgrad-
ing machines to remove specific mixtures.
Then the seeds are ready for bagging, although
chemical seed treatment against seed pests and
disease organisins may be done before bagging.
Finally, the seed is shipped or held in storage
until needed.

FiG. 6. Techniques for inspecting paddy fields
(Revier and Young). Area 40 ha (100 acres),
(805 X 503 m, 880 X 550 yards); travel
1737 m (1900 yards); coverage less than
2 of field; remotest part from inspector
365 m (400 yards).

Regardiess of the type of machinery used
for seed processing the basic interests of the
processor are: (1) complete separation —
removal of undesirable materials from the
seed; (2) minimum sced loss— some good
seeds are removed along with contaminants in
almost every processing operation, but this
loss must be kept at a minimum; (3) upgrad-
ing quality — improvement not onty of purity,
but also removal of rotten, cracked, broken,
insect-damaged, injured, or low quality crop
seed; (4) efficiency — the highest capacity
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Fic. 7, Techniques for inspec:ing paddy fields
(Revier and Young). Area 40 ha (100 acres),
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remotest part from inspector 91 m (100

yards).

consistent with effective separation; and (5)
minimum labour — labour is a direct operat-
ing cost and cannot be recovered,

Seed processing equipment effects seed
cleaning and separation on the basis of physi-
cal differences among seeds and between seeds
and other materials in the seedlot. The prin-
ciples of separation of some of the more
common seed processing equipment are: (1)
air-screen cleaner (Fig. 11 and 12) — makes
separation based on seed size and weight dif-
ferences; (2) gravity separator (Fig. 13 and
14} — based on seed weight, specific gravity,
or relative density; (3) disc and cylinder

separators (Fig. 13) — based on seed length
difference; (4) graders, sizers (Fig. 16) —
based on width and thickness; (5) incline
draper (Fig. 17), spiral separator — based on
shape of seed; (6) roll mili (Fig. 18), mag-
netic separator (Fig, 19), incline draper (Fig.
17), Buckhorn machine (Fig. 20) — based
on differences in surface texture; and (7)
electrostatic separator (Fig. 21 and 22), elec-
tric colour sorter ~— based on electrical prop-
erty of the seed. — NoeL G. MamMicipic. De-
partment of Agronomy, University of the
Philippines at Los Bafios, College, Laguna,
Philippines.
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SEED LOT

l Sampling by field inspector

SEED
SAMPLE

Subsampling by seed analyst
WORKING SAMPLES
MOISTURE PURLTY OTHER RED RiCE
TEST ANALYSIS VARIETY TEST DETERMINATION

— Iriert matier
. Other crop seed

t— Weed seed

-—4 PURE SEED

l

GERMINATION
TEST

Fic. 8. Laboratory tests for rice seed certification.
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Noxious weed seed

Common weed seeq

Detericrated seed

Other crop seed

Damaged seed

Cther variety seed

Y

MARKETABLE SEED
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Off-size seed

Fia. 9. Types of materials removed from seedlots during processing (Gregg et al. 1970).




Conditioning Separating
Receiving  |— and i Cleaning s and
precleaning upgrading
Treating
Bulk
and
storage .
9 bagging
Storage ft———] L Shipping

Fic. 10, Basic flow and essential steps in seed processing (Vaughan et al. 1968).
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OBLONG HOLES
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WIRE MESH

3x 14 18x 18

Fig, 12, Types of screens and perforations used in cleaning seeds (Vaughan et al, 1968).
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FiG. 13. (A) Diagram of the airflow through seeds on the deck of a specific gravity separator, Seeds are
stratified into vertical zones by weight, (B) Diagram of gravity separator showing seed flow across
the deck (Vaughan et al. 1968),
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Fic. 14. (A) Flow pattern of seeds across deck of a geavity separator. (B) Discharge of separates along the

edge of the gravity deck in a typical bean separation (Vaughan et al, 1968),
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FiG. 15. (A) Face and cross section of a single disc. (B) Cross section of a cylinder length separator. (1) the
cylinder wall with indents stamped on it; (2) the adjustable trough catching short lifted seed; (3) the
separating edge of the adjustable trough; and (4) the auger conveyor at the bottom ol the cylinder
that conveys long rejected material out of the cylinder (Vaughan et al. 1968).
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Fis, 16, (A), (B) Types of screens used in width and thickness sizing; round hole for width sizing and
! oblong opening for thickness sizing, (C) Sketch showing how separation is made (Vaughan et al,
1968).
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Firg. 17. Incline draper (Vaughan et al. 1968).

Smooth

Metal shield o Rough seed

Fig. 18. Cross section of a pair of rollers illustrating movement of rough seed over rollers {Vaughan et al,
1968).
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F1G. 19. Diagram of a drum-type magnetic seed separator (Vaughan et al. 1968).
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FiG, 20, Section view of buckhorn machine (Vaughan et al, 1968),
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Vibrating feeder

Charged
electrode

15 ¢m (6 inch)
grounded rotor

Adjustable
splittars

FiG. 22. Schematic diagram of an electrostatic separator set up to produce a discharging, high capacity
feld, Seeds that are poor conductors are pinned to the rotor; whereas, good conductors are pinned
only momentarily, then continue to free fall (Vaughan et al, 1968),
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Inspection

Grain grading has been neglected in agri-
cultural teaching although it is necessary for
assessment of the value of the grains. Too
frequently, farmers market their grain without
any idea of the grade of their grain, The pro-
ducer or farmer should be vitally interested in
getting the best grade and price for the quality
of the product he o fers,

The development of grain grading is essen-
tial for the establishment of standards so that
the producer may be paid for the quality of
the products that he produces. Even a small

- amount of knowledge and experience in grain
grading helps the producer to secure proper
payment for the grain he sells. Standardization
mainly aids orderly marketing and efficient
buying and selling.

Official standards are important in the mar-
keting process because they furnish the means
of describing variations in quantity and con-
dition. They also provide a basis for mer-
chandizing contracts, for quoting prices, for
loans on products in storage, and for sorting
or blending by producers to meet market
requirements. They also offer an incentive to
farmers to produce better crops because
farmers have the assurance that their return
is based on the quality of the grains produced.

Quality has become one of the dominant
factors for consideration in the expansion of
the rice milling industry. The first step towards
achievement of quality rice is grading. Setting
up modern processing units cannot solve the
quality problem completely. Good milling
results can only be obtained from graded
paddy; therefore, as long as the producers do
not differentiate between low and high quality
paddy and are not paid for producing the best
paddy, but are penalized for low quality, no
substantial progress can be made in the produc-

tion of quality rice. The only answer to the
problem is the enforcement of standards and
grades and the introduction of a grading sys-
tem on an objective basis.

Representative Sample

The sample for examination or analysis
should be representive of the lot from which
the sample was taken, If the sample is not
representative, no amount of care in making
the determinations for the grading factors will
assure proper grading of the rice. For quality
inspection it is essential that the sample be:
(1) large enough to permit the required tests
to be performed; (2) properly identified, and
{3) preserved in its original condition from
the time it is taken until the grade or quality
factors are determined.

Bulk Paddy in Trucks, Wagons, and
Small Boats

The sample should be taken with a double-
tube compartmented bulk grain probe. The
grain should be probed in as many places as
possible. Insert the probe or trier into the rice
at an angle of about 10° from the vertical,
with the slots closed. The slots should face up
when the probe is opened. While the slots are
open, give the probe two or more slight up-
and-down motions so that all the openings are
filled. Close the slots, withdraw the probe, and
place the contents of the probe full length on
a sampling cloth or tray.

Bulk Paddy in Flat-Storage and in Bin Siles

A long probe can be used to sample bulk
paddy in flat-storage at a depth of 3-4.3m
{10-14 ft); however, extra hand pressure is
required to probe deep into the stack. 8ampling
from bin silo storage is extremely difficult,
Proper sampling can only be done when the
grain is running into or out of the bin.
Mechanical samplers can be installed to draw
samples at regular and frequent intervals to
obtain a representative sample.
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Sacked Paddy and Rice

Samples from sacked paddy or rice can be
~ taken with a sampling trier or a ‘small probe of
sufficient Iéngth to reach to the centre of the
sack: The rice should be probed in as many
places as .possible to obtain representative

~ samples. The usual commercial practice is to

draw samples from 10% of the bags in a lot, pro-
vided that there is no significant variance in
the grade or quantity. One hundred percent
sampling is, however, necessary if the quahty
between sacks is not uniform.

The presence of live or dead insects, insect
webbing, and odour would not be very notice-
able from the sampled rice drawn with probes.
in such cases, portions of the rice shouid be
examined by opening the sacks.

If sacked rice is stacked so that not all the
sacks are accessible for sampling, samples
should be drawn from randomly selected sacks
from the top, sides, and ends of the lot to
enable the sampler to secure a representative
sample from the accessible sacks. On the
sample slip, the number of sacks in the stack
and the number accessible for sampling should
be noted,

Pooling the Sample

When all individual portions of a sample are
found to be of one uniform quality, they
should be pooled to form the sample of the
lot. If any part of the lot is found to be of
distinctly different quality than the balance of
the lot, thé samples from this part should be
pooled separately.

Inspection and Grading

The important factors determining quality
are: variety, moisture, dockage, milling yield,
condition of grain, purity, and palatability.

Variety

Owing to the large number of rice varieties,
grouping of varieties under slender and bold
groups is made in certain countries; whereas,
some countries have classified their varieties

as fine, medium, and coarse for the purpose of
grading, In the world market, much emphasis
is placed on grain length as a criterion of
quality. Although the combination of various
shape factors such as length, width, and general
contour of the grain has an important bearing
on consumer preference, the palatability char-
acteristics (appearance, cohesiveness, tender-
ness, and flavour) also constitute an important
factor in quality grading.

The classification of paddy varieties should
be made on the basis of kernel length and
shape. Kernel length and breadth of both
paddy and rice grains, are determined by
measuring (in millimetres) whole grains
selected at random and then calculating mean
vaiues. Uniformity in the size of the kernels
is a good indication of varietal purity.

Moisture

High moisture directly reduces the grade of
the rice; if the grain moulds or spoils, the
grade is lowered even more. The moisture
content has a bearing on: (1) keeping proper-
ties of grain during storage; (2) storage loss;
(3) milling return; and (4} quality of milled
rice. Moisture should be determined by the use
of equipment and procedures prescribed by
the government or its agency. The air-oven
method is the basic method for determining
the moisture content of paddy.

Accuracy with rapidity is an important point
in determining moisture content. It is, there-
fore, necessary to use quick testing methods
even if they are not 100% accurate, provided
the error is constant. For calibration purposes,
thermostatic ovens for the conventional deter-
mination of moisture content are essential to
check the rapid-type moisture testers and work
out correction factors,

Impurities and Foreign Matter

All material other than paddy or rice kernels
is called foreign matter or impurities. This
includes soil, stones, weed seeds, fragments of
rice stalk, dust, husks, weevilled webs, and
dead insects. The separation of impurities and
foreign matter is made with the use of appro-
priate sieves and aspirator cleaning devices.
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Hand sorting should be done wherever neces-
Sary..
Round perforations in a screen are meas-

' ured by the diameter of the openings. Perfora- o
tions of: 6/ 64 mch and. larger are measured

in 64ths oof:an inch and are.commonly stocked
by manufacturers in sizes ranging to 80/64
inch, These screen sizes are commonly ‘desig-
nated by using the numerator of the fraction,
ie. 6,7,...,64,72, or 80. Round openings of
5.5/64 mch and smaller in diameter are meas-
ured in fractions of an inch and are so desig-
nated, i.e. 1/12, 1/13, 1/14, ..., 1/25, Sizes
ranging from 1/12th to 1/25th of an inch are
readily available from most manufacturers.

Perforated metal screens with oblong or
slotied openings are measured in two dimen-
sions: the width and length of the opening. As
was the case with round hole screens, openings
of 6/64ths of an inch and larger in width are
measured in 64ths of an ineh; openings less
than 6/64ths of an inch are expressed in
fractions of an inch. Oblong openings are
usually 1/4, 5/16, 1/2, or 3/4:inch in length.
When designating these screens, it is common
practice to give the width dimension first and
the length dimension last, ie. 51/2 X 3/4, 6
% 3/4,0r 1/22 X 1/2, in caseswhere fractions
of an inch denote the width.

Generally, the direction of ‘the slot is the
same as the direction of the flow of seeds on
the screen. In large screen sizes, however, the
slots can be across the direction of the flow
of seed. These cross-slot screens are particu-
larly useful for separating spilt seeds from
varieties having a relatively thin shape. Also,
among the small size slotted screens, there is
a 1/22 x 1/2 diagonal screen that has its slots
turned at a 45° angle from the usual direction
of seed flow. This screen is useful for separat-
ing relatively short seeds from slightly longer
seeds. Manufacturers commonly stock over 50
different oblong hole screens of assorted sizes,
ranging from 1/24th X 1/2 to 32/64ths X 1
inch.

Test Weight per Bushel

The test weight is used as an indicator of
good quality grain, and it is particularly useful

when paddy is measured on a volume basis. In
some countries the test weight is used for

_computing the quantity of paddy in the bins.

The. determination of the test weight per
‘bushel should be made on a 1.3-1.4 litre (1.1-
1.3 quart) representative portion of the original
sample. To determine the test weight per
bushel of rough rice on the approved appara-
tus, the following procedure should be fol-
lowed: (1) enough rough rice should be used
to cause overflow on all sides of the kettle; (2)
the filling and stroking of the kettle should
be accomplished without jarring the apparatus;
and (3) the stroking should be done cleanty
with three full-length zigzag motions with the
standard stroker held lightly on the kettle; the
{lat sides of the stroker shouid be in a vertical
position. The accuracy of the kettle, the beam
readings, and the sensitiveness of the beam
should be tested periodicaily.

Milling Quality of Rice

After reexamining the foreign matter and
ascertaining the moisture content and test
weight per bushel, the potential milling prop-
erties are determined. Many factors influence
the value of paddy and they require an expert
for their identification, but even he is not in-
fallible and his opinion cannot be precisely
checked. Therefore, to avoid an empirical or
biased verdict, a sample of the rice should be
milled. The main objectives of sample milling
are to ascertain: (1) the total milled yield, i.e.
the total quantity of whole and broken grains
recovered from the sample; (2) the head rice
vield, which is the quantity of whole grains
recovered from the sample; and (3) the
quality of milled products.

The degree of hardness is strictly related to
milling-breakage resistance. Chalky and de-
fective kernels, being more brittle, reduce both
total and head rice milling yield.

Assessing the milling quality calls for a test-
ing device capable of simulating, in the small-
est space and in the shortest time, the main
processes that are carried out in a com-
mercial mill. In all milling tests, it is extremely
important that the degree of milling be
constant.
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Grading Factors

The following factors are used to grade
paddy and rice.

Paddy: (1) moisture; (2) impurities and
foreign matter; (3) seeds and foreign matter
in test milled rice; (4) red grains and red
streaks in test milled rice; (5) chaltky and im-
mature grains in test milled rice; (6) damaged
grains in test milled rice; (7) foreign grains
in test milled rice; {8) milling yield (total)
in test milled rice; and (9) milling vield (head
rice) in test milled rice,

Rice: (1) moisture; (2) head rice; (3) big
brokens; (4) brokens; {5) chalky and imma-
ture grains; (6) damaged grains; (7) foreign
graing; (8) red grains and thick red streaks;
{9) paddy seeds; and (10) seeds and foreign
matter.

Certification

As a practical example of the certification
of rice, a sample certificate is reproduced
below:

Paddy Inspection Certificate
This is to certify that the foliowing de-
scribed lot of paddy was inspected by the In-
stitution. The inspection results are as staied
below:
1. Date of inspection: 24/9/1969
2. Sampled at: Hock Chuan Aun
R. M. Butterworth
3. Sample code No.: 7-4-020
Quantity: 2000 pikuls
Variety/Class: “Bahagia” long
grain slender
6. Grade: Grade I
. Moisture (paddy}: 12.3%
8. Milling yield: Total rice 68.7%
Head rice 91.7%
9. Impurities {paddy): 0.30%
10. Red grains: -
11. Seeds/Foreign matter: —
12. Chalky/Immature grains: 0.60%
13. Foreign grains: 0.05%
14, Damaged grains: 0.07%
15. Remarks: —
Dated 1/12/1969

@

|

Signature of Inspector

The grade of the paddy is designated on the
basis of the results of analyses and observa-
tions, and on a comparison with the require-
ments of the standards.

The quality certificate is an important docu-
ment particularly for commercial purposes.
Rice inspection certificates are issued for: (1)
lot inspection; (2} sample inspection; and (3)
inspection of origin. A lot inspection certifi-
cate shows the results of the inspection of an
identified lot. It cannot be issued as repre-
senting an identified lot unless the entire lot
is accessible for examination and a representa-
tive <ample is obtained, Sample inspection
certificates are issued only for samples pre-
sented to the inspection agency and apply
only to the sample described. In most cases,
these samples are unofficial. Certificates of
origin are generally issued for lot inspections.
This certificate is issued primarily to certify
that an identified lot of rice is the product of
the soil and industry of a country (the name
of the country to be given), -—— U THET ZIN.
Food and Agriculture Organization of the
United Nations, Regional Office, Banghok,
Thailand.

Grading

Normally paddy is not graded prior to miil-
ing, but under certain circumstances the grad-
ing of paddy is desirable or even necessary.
Grading has several advantages: (1) imma-
ture grains are separated; (2) a more precise
adjustment of the huller is possible, which
minimizes breakages; and (3} independent
milling of graded lots is possible.

In grading paddy, use is made of differences
in the thickness or length of different varieties.
Paddy grains having the same length but dif-
ferent thicknesses are graded by rotating
graders; whereas, grains with the same thick-
ness but different lengths, are separated by
trieurs. If the mixture consists of grains hav-
ing different thicknesses and lengths separa-
tion is completed by both the rotating graders
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and the trieurs. However, if the paddy con-
sists of a mixture of varieties with about the
same fength and thickness, paddy grading is
practically impossible.

Grading of milled rice refers to the separa-
tion of brokens from the head rice and the
further classification of brokens into a pre-
fixed selection of grades. In the Philippines,
normally only the very small brokens and
points are separated, leaving as the main prod-
uct a mixture of small brokens, large brokens,
and head rice. This mixture can be sold easily
on the Philippine market because traditionally
domestic production is not sufficient and
rather high living costs dictate the purchase
of this cheaper ungraded rice.

‘The introduction of the new high-yielding
varieties (HYV’s) and the fact that these
~-HYV’'s, in general, are classified under
“special varieties” provides bright prospects
for export of this rice to quality conscious
markets. This means the Philippines will have
to export a product that meets the require-
ments of the customer, In the international
trade of rice, in general, and of quality rice,
in particular, the specification of these require-
ments always refers to the range and percent-
ages of brokens that will be accepted. Conse-
quently, the rice miller producing rice for
export will have to grade his rice. The local
demand for graded quality rice is also increas-
ing; therefore, the grading of rice is becoming
more and more important.

A milled rice grain is classified with respect
to its length: 1/1 head rice; 7/8 head rice;
6/38 large broken; 5/8 large broken; 4/8 large
broken; 3/8 small broken; 2/8 small broken;
1/8 small broken (points). When the speci-

fication of the rice to be produced requires: .

70% head rice; 10% large brokens 6/8;
10% large brokens 5/8; 5% large brokens
4/8; and 5% small brokens 2/8-3/8, the rice
mitler will have to grade his rice first, then
mix in accordance with the requirements.
There is no other way to meet the customer’s
specification. When grading, use is made of
differences in both the length and thickness of
the particles (Fig. 23A,B).

In general the full range of rice grades can
be produced by trieurs, which separate on the
basis of differences in length, However, trieurs
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Fic. 23. Characteristics used for grading paddy and
rice. (A) Grain A can be separated from
B by thickness; A from C by thickness or
length; B from C by length. (B) Grain A
can be separated from B by length; (C)
Grain A can be separated from either B or
C by thickness or length; B from C by
length. (D) Grain A can be separated
from either B or C by length; B from C
by length,
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are more expensive than sieves and, where
possible, sieves are used instead of trieurs,
.~ Small brokens produced by a short medium
- but rounded ‘variety of rice are thinner than
the large brokens (Fig. 23C). Consequently, it
is possible to separate these brokens by siev-
ing. . The large ‘brokens, however. have the
same thickness as the head rice so separation
by sieves is impossible. A different situation
exists with medium or long grain varieties
that have long parallel sides (Fig. 23D}). In
this case the small brokens are the same width
as the large brokens and head rice, and only
grading, by length, in trieurs is possible.
Points, however, can always be separated
through sieves.

The machines involved in grading of paddy
and rice are: (1) rotating graders (paddy);
(2) trieurs (paddy and rice); (3) sieves
(rice); and (4) volumetric mixers (rice).

Rotating Graders

These machines are also called “grading
reels.” Different designs have been made for
thickness grading through these grading reels
and basically three methods are used: (1) ad-
justable wire coil reels; (2) perforated sheets
with slot perforations; and (3) wire screen
reels.

Adjustable Wire Coil Reel (Fig. 24)

The operation of this rotating reel is based
on the following principles. A coil spring al-
ways has a uniform clearance between the
coils; however, when the spring is compressed,
the uniform clearance between the coils is re-
duced (Fig, 24A,B). If a compressed spring
contained a selection of steel balls of different
sizes, only the small balls having a diameter
equal to or smaller than the coil clearance
would fall through. However, if the pressure
on the spring was released, larger balls would
fall through when the clearance was equal to
the ball diameter.

The adjustable wire coil reel operates on
this principle. One, two, or sometimes three
adjustable wire coils are held by the rotating
frame of the reel. The clearance of the first

coil is made smalier than that of the second
coil. A mixture of thin, normal, and thick
paddy is fed into the machine and is slowly
moved through the machine by a spiralled
scoop. The thin paddy grains fall through the
first wire coil, the normal sized paddy is dis-
charged by the second coil, and the thick
grains leave the reel as its overflow. When
three coils are installed, the first coil normally
separates the immature grains, the second coil
separates the thin grains, the third coil grades
the normal sized paddy, and the thick grains
are discharged through the overflow (Fig.
24C,D).

The reels of this type of machine, as well as
the other rotating graders, are continuously
cleaned by a rotating brush (Fig. 24D, no. 1)
installed on top of the reels and driven directly
from the main shaft of the machine,
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(Fig. 25)

Instead of the adjustable wire coil reel, a
fixed clearance can be used. In this case the
lining of the rotating reel consists of perfo-
rated sheets with a slot-perforation of pre-
selected mesh (Fig. 25A, no, 1). The length
of these slots normally is about 20 mm, the
width varies between 2 and 3.5 mm. The range
of slot widths to be installed and kept in stock
depends on the varieties of paddy grown in
the country concerned. For instance, for IR20
a slot mesh of 2.2 mm will hold the paddy and
a mesh of 2.4 mm will let the paddy through.
Immature grains are then graded with a 2 or
2.1 mm slot mesh, the main product with a
2.4 mm slot mesh, and the thicker grains are
discharged as the overflow of the machine. The
machine operates the same way as the adjust-
able wire coil reel, the only difference being
that when other slot meshes are required, the
sheets must be changed (Fig. 25B).

Grader With Wire Screen Reels (Fig. 26)

Instead of perforated sheets a wire screen
of preselected mesh can be used. These screens
consist of steel wire welded at prefixed equal
distances on a crossbar that is normally a steel
wire too (Fig. 25A, no, 2), The distance be-
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F1G. 24. Paddy grading with an adjustable wire coil reel. (A) The clearance between the coils of a spring is
always equal. (B) When the spring is compressed the spacing between the coils is reduced equally.
(C) A reel with two different sized adjustable coils separates thin paddy through the first coil,
normal paddy through the second, and the overflow is thick paddy. (D) Using three coils the first

separates immature paddy, the second thin paddy, the third normal paddy, and the overflow is
thick paddy.
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FiG. 25. Rotating grader. (A) The rotating eylinder can be a perforated sheet (1) or a wire screen (2).
(B} The operation of this machine is the same as the wire coil reel except that when other slot-
meshes are required the cylinders must be changed.
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FIG. 26.

Principle of grading using a trieur. (A) As the drum is rotated both long and short paddy grains

are lifted in the indents; however, the short grains are held longer and fall into an adjustable
collector plate. (B) Grading of white rice is identical except the size of the indents is different.
(C) A screw conveyor (1) discharges the short grain at the centre of the lower end of the trieur,

the overflow (2) is the long grain,

tween the wires represents the mesh of the
screen and varies, for paddy separation, be- -
tween 2 and 3.5 mm. A selection of screen
meshes must also be available to meat variable
requirements. The grading performance and
operation of this machine are identical to the
other two types of rotating graders.

The Trieur (Rotating Indented
Stee! Cylinder) .

For both paddy and white rice grading,
trieurs are used when grading by length is
desired or is necessary. A trieur mainly con-
sists of a slightly inclined rotating steel sheet
cylinder that has thousands of pocket-like in-
dents pressed in the steel at a slight angle. The
diameter of these pockets varies from 2 to
8 mm, The size of the indents depends on the
projected function of the trieur and the kind
of product the trieur will have to process. For
small brokens the indents are small, they be-
come larger as the grade of the brokens in-

creases, and are largest when large brokens
must be separated. For paddy the size of the
indent depends on the size (length) of the
short grain that must be separated from the
tonger variety.

The mixed paddy, short and long, is un-
lpaded into the trieur cylinder at the elevated
end. The cylinder rotates slowly (about 50
rpm) and each pocket (indent) lifts either
one long or one short paddy grain. At a cer-
tain point in their rotation the indents can no
longer hold the long grains and they fall out
of the indents. The short grains, however, are
held in the pockets and fall out at a much
higher point (Fig. 26A). The small paddy
grains are caught by an adjustable collector-
plate fixed inside the cylinder, and a screw
conveyor discharges these grains at the centre
of the lower end of the trieur (Fig, 26C, no.
1). The longer grains slowly move downwards
over the lower part of the inclined cylinder,
and are continuously lifted and released as
explained above, The cylinder overflow repre-
sents the longer paddy variety (Fig. 26C, no.
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2). When grading white rice the operation of
the trieur is exactly the same; however, the size
of the indents is different (Fig. 26B). In the
case of white rice grading, the shorter rice
particles are discharged at the centre and the
longer particles (or the head rice) are dis-
charged as the overflow of the trieur.

From this explanation it is clear that a trieur
separates the short grains from the long grains
and does not separate the long grains from
the short ones, and that a trieur separates the
small brokens from the large brokens and
not the large brokens from the small ones, This
aspect is very important since it concerns
the capacity and performance of the machine.

Because a trieur is normally ordered for a
given capacity and specified function, a sample
of the product to be separated should be in-
cluded with the order. If a trieur is ordered
that has a throughput capacity of 1000 kg/h
and can remove 15% large brokens (5/8-
6/8) from the head rice it must not be over-
loaded. For example, if the rice to be graded
contains 309 large brokens (5/8-6/8) the
machine will not be able to remove them ail
and the overflow will be a mixture of head
rice and large brokens. The same will happen
if the rice holds 15% large brokens (3/8-
6/8) and is fed at the rate of 1500 kg/h
instead of 1000 kg/h. In the first case not all
brokens can be removed because the number
of indents is insufficient. In the second case
not enough pockets are available to lift the
brokens because too many of the pockets are
filled with head rice grains, and consequently,
not all the brokens can be separated.

Examples of Paddy Grading

With rotating reels and trieurs perfect
paddy grading can be achieved. A large num-
ber of combinations are possible although
sometimes one pass through a single machine
will do. Since the grain flow through the
grading equipment depends on the condition
of the product to be graded, the grain flow
should be made flexible and, consequently, it
should be made possible to bypass certain
machines,

{1) Using one trieur (Fig. 27A) the paddy

can be graded into long grains (LG ) and short-
grains {8G).

(2) Using one grading reel with two com-
partments the paddy can be graded into im-
mature grains, thin grains, and thick grains.

(3) Using one single compartment grading
reel and one trieur (Fig. 27B) the paddy can
be graded into thin short grains (TS), thin
long grains (TL), and thick grains.

(4) Using one single compartment grading
reel and two trieurs in series {Fig. 27C) the
paddy can be graded into thin short grains
(TS}, thin medivm grains {TM), thin long
grains (TL), and thick grains.

(5) Using one double compartment grad-
ing reel and two trieurs in series (Fig, 28) the
paddy can be graded into immature (dead)
grains, thin short grains (TS), thin medium
grains (TM), thin long grains (TL), and
thick grains.

(6) Using one triple compartment grading
reel and two trieurs in parallel (Fig. 29) the
paddy can be gra.g;éd into immature (dead)
grains, thin short grains (TS), thin long grains
(TL}, thick short grains (THS), thick long
grains (THL }, and round grains.

The Qscillating Grading Sieve

Qscillating grading sieves are commonly
used in the Philippines as paddy precleaners
for the processing of both huller and whiten-
ing-cone discharge. Only the latter process
actually refers to a white rice grading function.
An oszillating sieve is a slightly inclined sieve,
supported by flexible wooden or steel bars,
that is moved back and forth by a vertical
eccentric drive from a transmission shaft. The
frequency of the stroke varies between 200
and 400 cycles per minute.

The actual sieve is a perforated steel sheet
with preselected round perforations or a wire
screen with preselected mesh. For perfect
performance the sieve should be self-cleaning;
however, this is not normally the case in rice
mills made locally in the Philippines. The
oscillating sieves can be of the single or double
layer type. In the Philippines the rice dis-
charged from the whitening cone is passed
through a double layer type sieve. The rice
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Fic. 27. Examples of paddy grading. (A) One trieur. (B) One grading reel with two compartments. (C) A
single compartment grading reel and one trieur.
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Fis. 28. Grading of paddy using one double compartment grading reel and two trieurs in series.

passes the first tray when unloaded by the first
cone, and the second tray when discharged
by the second cone. Actually this machine
is a combination of two single tray sieves be-
cause the perforations in the sheets of both
trays are the same. Their function is to remove
the points, germs, and very small brokens
from the rice, which is a grading function.
However, single and double layer oscillating
sieves can be exclusively used for the grading
of fully whitened and polished rice.

If a single tray sieve is used (Fig. 30A)
small brokens (1/8-2/8) (SB) can be sepa-

rated from the large brokens (LB) and head
rice {HR). A double tray sieve that has two
different sizes of perforations can separate
small brokens (1/8), small brokens (2/8),
and large brokens and head rice (Fig. 30B).
The same separation performance is obtained
if two single tray sieves are used (Fig. 30C).
The grading capacity per square foot is
rather low since, at the end of each stroke, the
movement of the grain is brought to a full
stop to change the direction of movement of
the grain. The grains, therefore, are continu-
ously accelerating and decelerating between
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Fie. 29. Grading of paddy using one triple compartment grading reel and two trieurs in parallel.

the limits of zero and maximum, When there
is practically no movement of the grain over
the tray, the separation efficiency is very low.
Since the grain movement over the trays is
very variable, the separation of the small
brokens will also be very irregular. This prob-
lem does not exist when the movement of the
grains over the tray is constant, This is the
case with so-called swing sieves or plansifiers,

The Plansifter (Swing Sieve)

The plansifter, in general, is a single layer
sieve hanging on four steel cables (Fig. 31A),
The tray is directly or indirectly driven by a
horizontal eccentric that makes the tray swing

around in its hanging position, following the
movement of an eccentric drive (Fig. 31B}.
The perforated sieve of the tray can be uni-
form in its perforations, in which case the plan-
sifter is only separating one product, normally
small brokens and points. However, the sieve
can be divided into two sheets with different
perforations, in which case two grades of
brokens can be separated from the main prod-
uct (Fig. 32A). This single layer plansifter
can be driven by an electric motor through a
V-belt transmission mounted on a drive as-
sembly under the sieve (Fig. 31A), or by a
flat-belt transmission that is normally mounted
over the machine (Fig, 32A).
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Fia. 30. Grading of white rice by oscillating grading sieves. (A) A single tray sieve. (B) A double tray sieve
(C) Two single tray sieves used in series, (I¥) During the operation of the sieve the grains are con-
tinuously accelerated and decelerated and separation efficiency is reduced,

The movement of the grain over the swing- movement (Fig. 31C) and is downwards be-
ing tray is nonstop, slowly downwards, and in  cause of the tray inclination, The movement
a spiral-like direction over the perforated is spiral-like and not fully circular because
sheet. The movement is nonstop because the the grain direction is the result of the per-
tray does not accelerate and decelerate in its  ipheral specd of the eccentric and the centri-
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Fis. 31, The plansifter is a single layer sieve hanging on four cables. (A) The screen has uniform pecfora-
tions for the separation of a single product. (B) The tray is driven by a horizontal eccentric that
makes the tray swing around following the movement of the eccentric drive, (C) The movement of
the grain over the tiay is constant; therefore, the separation performance is more regular and

efficient than the oscillating sieve.

fugal speed of the tray. Consequently, the
grains always move slowly to the sides of the
sieve trays,

Plansifters can also be made with two or
more trays, each tray having a different per-
foration: the largest perforations for the top
tray; the smallest perforations for the bottom
tray. These plansifters are more compact and
can be made as self-supported machines by

hanging the plansifter in the steel frame that
supports the electric motor drive and cccen-
tric. One of these machines was constructed
by a German manufacturer, it is totally en-
closed and incorporates a bran aspiration sys-
tem (Fig. 32B). This machine produces two
grades of rice (2,3) with a mixturce of brokens
and head rice (4) as its overflow. Qther com-
binations are always possible by changing the
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FiG. 32. Plansifters. (A) Sieve divided into two sheets with differeni sized perforations for the separation

of two grades of brokens. (B) The ‘‘compact™ Schule plansifter that incorporates a bran aspira-
tion system,

mesh of the screens.

In large capacity rice mills so-called high
capacity plansifters are used, These very com-
pact machines consist of two, four, six, or
eight rectangular steel boxes or sections that
hold a large number of trays that have dif-
ferent mesh wire screen sieves (Fig. 33A).
The trays are specially designed and follow
a fixed pattern for grain overflow and screen

discharge. The number of trays per section
varies between eight and twelve depending
on the capacity and product to be graded.
Because of the multi-tray design and the repe-
tition of grading functions, it is possible to
separate as many as four grades in one pass.
These machines are used in rice mills, corn
mills, flour mills, and feed mills. The eccentric
drive with counterweights is located in the
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centre of the machine and always divides the
number of sections into two equal parts (Fig.
33B).

The sections are framed together making
one compact block, This swinging block of
plansifter sections hangs on a large number
of rattan bars that are solidly fixed in the
top section of the supporting frame. Each
section has five outlet spouts, four for the
separated grades and one for the main over-
flow. Through a spout system these grades
are fed into bins or to machines for further
processing.

In some of the rice mills and corn mills in
the Philippines these high capacity plansifters
have already been installed. Their horsepower
consumption is very low, their flexibility in
grading performance is unlimited, and their
worn screens can be replaced with practically
no loss of time. Simply open a door, remove
the damaged tray, replace it with a new one,
close the door, and continue operations,

Rice grading plants can be very simple or
they can be very complicated and offer a
large program of alternative grain flows. Some
examples of white rice grading units using
plansifters (or oscillating sieves) and trieurs
are given below.

(1) Using one single layer sifter and two
tricurs in series (Fig. 34A) the paddy can be
graded into points and very small brokens
(P), small brokens (SB), large brokens (LB),
and head rice (HR),

(2) Using one double layer sifter and two
trieurs in parallel (Fig. 34B) the paddy can
be graded into points (P), small brokens
1/8-2/8 (SB), large small brokens 3/8
(L.SB), large brokens (LB), and head rice
(HR).

(3} Using one double layer sifter and three
trieurs in series (Fig. 34C) the paddy can be
graded into points (P}, small brokens 1/8~
2/8 (SB), small large brokens 3/8-4/8
(SLB), large brokens 5/8-6/8 (LB), and
head rice (HR),

(4) Using onc double layer sifter, and five
trieurs operating in purallel or in series, in-
cluding change valves (Fig. 35), the grading
results are flexible and the paddy can be
graded into points (P), small brokens 2/8
(SB2), small brokens 3/8 (SB1), large

brokens 4/8 (LB 2), large brokens 5/8 (LB
1), and head rice 6/8-7/8-1/1 (HR) or
combinations of brokens and/or head rice.

Volumetric Mixers

Volumetric mixers are used in rice mills
where export markets require the rice to be
mixed in accordance with preset programs
after it has been graded. There are volu-
metric mixers of different designs but basically
they follow the same principle,

Grain is loaded into a rotating compartment
drum (Fig, 36A, no. 1) and is unloaded
through an opening in the drum housing (Fig.
36A, no. 2) that can be partly closed to set
the volume of grain to be discharged (Fig.
36A, no, 3). This controls the discharge
volume per rotation and because the shaft
speed of the compartment drum is made vari-
able, a wide range of capacities can be ob-
tained, There are provisions for inspection of
the operation (Fig. 36A, no. 4) and sampling
of the discharged product (Fig. 36A, no. 5).
At the same time it is possible to bypass the
mixer for free discharge of the bin in ques-
tion (Fig. 36A, no. 6). The setting of the
sleeve, which partly closes the opening of the
drum housing, can be adjusted manually by a
handle (Fig. 36B, no. 1}, which can easily be
locked (Fig. 36B, no. 2). These volumetric
mixers are mounted under the bins holding
the graded rice.

A simple installation for the grading of
milled rice {(Fig. 37) into points, small
brokens, large brokens, and head rice followed
by mixing consists of: (1) a bin holding the
ungraded rice; (2) a single layer plansifter for
the separation of points; (3) an clevator to lift
the rice; (4) a tricur for the separation of the
small brokens; (5) a bin for small brokens;
(6) a second trieur for the separation of the
large brokens and head rice; (7) a bin for
large brokens; (8) a hin for head rice; (9)
volumetric mixers; 10) a belt conveyor; {11)
an elevator; and (12) a bin for bapging.

These sample installations are made for
rice mills with a capacity of 2000 or more
kilozrams of paddy intake per hour (525
cavens/ 12 h) and can already be made in the
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Fia. 33. {A) High capacity plansifters consist of rectangular steel boxes that hold » variety of sieves. {(B) The
eccentric drive divides the number of sections into equal parts, Each section has tive outlet spouts,
four for the separated grades and one for the main overflow.
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Fig, 34, Examples of white rice grading. (A) One single layer sifter and two trieurs in series, (B) One double
layer sieve and two trieurs in parallel, (C) One double layer sifter and three trieurs in series,




STANDARDS 57

D 07

B
0w

N
wo
N

HR LBl

SB82

2
S8 SB1

Fia, 35. Flexible grading of white rice is obtained by using one double layer sifter and five trieurs operating
in parallel or in series.

Philippines. Their use, however, depends on  ment of Agricultural Engineering, University
the market situation and requires a study of of the Philippines at Los Barios, College, La-
their feasibility in relation to the market guna, Philippines.

requirements. — HARRY vAN RUITEN. Depart-
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FiG. 36, Volumetric mixer. (A) The volume of grain released from the rotating compartment drum is con-
trolled by a sleeve (2) that adjusts the amount of discharge per rofation. (B) The adjustment of
this sleeve is controlled by an external handle (1) that can be tocked in position (2).
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Experimental
Design

Measurement

In statistics we recognize four levels of
measurement: (1) nominal scafe; (2) ordinal
scale; (3) interval scale; and (4) ratio scale.
The following illustration will clarify these
various scales.

Three rice samples, denoted by the letters
A, B, and C are 1o be examined according to
the following objectives: (1) to identify the
varieties by a symbol or number; (2) to rank
the samples according to texture; (3) to deter-
mine the temperature setting in drying the
sample to 14% MC in 5h drying time; and
(4) to determine the protein content. The results
of the examination are given in Table 3.

Concept of Random Variables and
Their Distributions

The observations that we make in our experi-
ments may employ one or more of the four
levels of measurement. The measurements that

Example 1

A 100-grain sample of milled rice is examined
and each grain is classified as either “whole” or
“not whole.” The following measure is adopted :
x = 0 if the grain is not whole and x = 1 if
the grain is whole. The results are given in
Table 4.

From these results we can say that a grain
sefected at random has a probability of 0.30 of
being not whole or a probability of 0.70 of
being whole. This is an example of a binomial
random variable and binomial probability dis-
tribution.

The Bernoulli probability function is an
example of a binomial population with prob-
ability function

fx)y =60 — H ", x = 0.1
where: 8 = P, (whole) and
1 — 8 = P; (not whole)

Example 2

The percentage protein content, x, of 100
samples of clean rice is determined. The sum-
mary of the data is shown in Table 5.

This experiment is a typical example wherein
the random variable is in the ratio scale (con-
tinuous). The probabilities under this type of
distribution are defined only between interval

TasbLE 4, Results for grain classification.

we observed are in gemeral governed by the Ra?:g?; corl:gg;)brféing Rela‘gfog:&?;;cy of
varl
laws of chalzlce, henge, they are generally c.alled ) to x (Nez)) (Pi(x) = Nisy/N)
random variables. Each possible outcome in an
experiment is also said to have its own prob- 0 Ny = 30 30/100 = 0.30
ability of occurrence. The two examples given S 1 x{lw)“ TU(-;O 70/ 1001= 0.70
below illustrate these concepts. dda =
Tanik 3. Results of the examination of three rice samples.
Sample Level of
Purpose of measurement A B C measurement (scale)
(1) Identification BP1-76 IR8 C4 Norpinal
(2) Texture ranking 2 1 3 Ordinal
(3) Temperature setting (°F) 210 215 205 Inte‘rval
(4) Protein content (%) 10.1 12.1 9.8 Ratio
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values. Thus from the table we have Pi(11.75 <
x < 17.949) = 0.25 and Pi(x > 12.34) = 0.05.

The normal distribution is an example of a
theoretical frequency function of a continuous
random variable x. The function is:

f(x) = e~ 12lz—wiiel for —eo < x < ©

oV 2%

The graph of a normat curve is:

f(x)

X
i

The curve is symmetric, bell-shaped, and

asymptotic to the x-axis. The parameters of the

distribution are i, which is the mean (a measure

of average) and ¢, which is the standard devia-

tion (a measure of spread or variability).

Sampling, Estimation, Testing
Hypotheses, and Sample Size

The two main purposes of sampling are:
(1) to estimate the population parameters such
as 1 and o; and (2) to test hypotheses concerning
population parameters. A random mechanism
such as the use of a table of random numbers
must be employed so that the tests of the
hypotheses will be valid.

Table 6 shows a summary of the estimation

TaBLE 5. Percentage protein content of 100 samples.

Interval Midpoint Frequency  Relative
values of x  values of x N frequency (rf)
11151134 11.245 7 0.07
11.35-11.54  11.445 14 0.14
11.55-11.74  11.645 19 0.19

" 1L75-11.94 11,845 25 0.25
11.95-1214 12,045 18 0.18
12.15-12.34 12,245 12 0.12
12,35-12.54 12,445 5 0,05

Sum — N =100 1.00

and testing hypotheses procedures under the
normal and binomial populations. Using o
levels of significance the critical values for the
test statistics are:

for .1 ttab = fa/2,n—1

for x%: x4ab = X a/2m—1 OF X (1-asn—1
for Zy: Ziah = Zuy2

To determine the sample size needed to
estimate the population mean, u, with a given
precision d = x — p and a degree of confidence
of {100(1 — «)]% that the estimate will be with-
in the desired precision, we use the equation

g = [(Z‘:Z':)a]2

To use this formula, we must have a good
estimate of s. For example, if we wish to
estimate the mean percentage of protein content
of IR8 within + 0.05%, with a degree of

confidence of 95%, and ¢ = 0.3 .the sample
size should be:

[ Z0.026(0.3))7
n B e ———
(0.05)2

_ [(1.96)0.3)]*
0.0025

= 138

Simple Statistical Designs and
Analysis of Data

The three main principles of experimental
design are: (1) replication; (2) randomization;
and (3) local control. Replication provides for
an estimate of the experimental error (variation
due to experimental units treated alike). It also
provides for the increase in the precision of the
estimate of treatment effects. On the other hand,
randomization ensures an unbiased estimate of
experimental error and makes the test of sig-
nificance valid. Proper choice of experimental
design, proper choice of size and shape of
experimental units, and full utilization of con-
comitant variables (covariance analysis) are
ways to minimize the magnitude of the experi-
mental error of the experiment.
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TaBLE 6. Summary of the estimation and testing hypotheses used for normal and binomial populations.

Sample Null hypothesis Test
Population Parameter estimate (Ho) criterien
b f —
Normal u # o= =M § = ’c=w
#n )
o2 32=M o = ap® xg=!f_“"_l)$_2
n—1 ¢ e
Binomial 6 p="E 0=6 Z, p — &)Vn
7] a1l — &)
TabnLe 7. Data for completely randomized design (CRD).
Replicati
cpca ons Total Mean
Machine 1 2 3 4 5 D (x)
A 68.2 68.1 68.5 68.7 68.5 342.0 68.4
B 66.3 66.9 66.6 66.7 66.5 3330 66.6
C 61.9 68.0 67.7 68.2 67.7 3395 61.6
Grand total and mean: 1014.5 X=6186
The Completely Randomized Design (CRD) 2 5 8 i1 I4
The main objective in setting up an experi- B C B A A
ment in CRD is to compare the means of |66.6 68.0 66.7 68.5 68.7
effects of two or more treatments. We shall let
k = number of treatments. The use of this 3 6 9 12 15
design assumes that the total number of experi-
mental units, say #, are homogeneous or more C Cc A B C
or less homogeneous. The treatments then are | 67.7 68.2 68.5 66.5 67.7

assigned into the experimental units giving: n;
replications to treatment 1; n: replications to
treatment 2;. . .; and n; replications to treat-
ment 4.

Example

Fifteen samples of rough rice are available
to study the mean performance of three milling
machines. The samples are assumed to be
homogeneous. The layout and the data on
the percentage of whole grains, x, are shown
below:

1 4 7 10 13
A C A B B
68.2 67.9 68.1 66.3 66.9

The tabular format for these data is given in
Table 7. We next compute the following quanti-
ties (sum of squares, SS) for the analysis of
variance table (AOV). ’

2
Correction factor (CF) = 99%1 — 68614.02
Total SS = (68.2)* + (66.3)% + ...
+ (677" — CF
— 68623.27 — 68 614.02
= 9.23
2 ]
Machine 88 = G420y, (3330)
5 5
339.5)?
+( » CF

5




= 68 622.65 — CF
= 8,63

Error 8§ = Total 88 — Machine 58
= (.60

The AOV table is given in Table 8. Since F.
= 86.3 > Foouzan = 6.93, we conclude that
the means differ significantly at the 17 level.

Several methods are available for determin-
ing which pair of means differ significantly.
One of the best of these methods is Schefié's
Taest. The procedure is given below,

Let L = ¥ — ¥, where i & j. We {ind the
following quantities:

ey var (L) = sgﬁ(l + ]_)
i K
2 Fo? = (k — DFa,g—1.0-]

The comparison L is significant at the « fevel if :
L] 2 NFD var (D)

The summary of the analysis usually includes
the treatment means, the standard error of a
treatment mean, SE(¥:) = Vsp? Jni, the coeffi-
cient of variation, CV = (vs52/%) 100, and the
comparison ..

Randomized Complete Block Design (RCB)

As in the CRD, the main objective in the use
of this design is to compare the means of &
treatments where k 2> 2. The »n experimental
units can no longer be assumed to be homogene-
ous and it is possible to subdivide them into
r blocks. The experimental units within each
block are then assumed to be more homogeneous
compared to experimental units from block to
block. The number of experimental units within
each block is . The & treatments are allocated
at random within each block.

Example

The same machines, A, B, and C are to be
tested using the same variety of rice but the
tests are to be conducted at four different places.
The rice samples now are assumed to be
homogeneous only with respect to moisture
content within places, but they may differ from
place to place.

STANDARDS 63

The layout and data are shown below
{x = % whole grain).

Place 1 Place 2 Place 3 Place 4
Ae6B2 C660 A684 A6sS
C 678 B 67.5 B 66.3 C 678
B 66.1 A 68.0 C 679 B 66.6

The data format is shown in Table 9. The
computation of SS and AOV is as follows:

2
CF = (809.1)
12
= 54 553.57
Total SS = (68.2)2 + (66.1)2 4 ...
+ (67.8)* — CF
= 354 562.85 — CF
= 9,28
2 2
Machine SS = 273.1)" + 4 + (269.5)° CF
= 54 559.03 — CF
= 5.46
2 2
Place §§ = Z02D° 3+ @292 _ .
= 54 553.94 — CF
= 0.37
Error SS = Total 8§ — Machine 8§85
— Place 8§
= 3,45

The analysis of variance is given in Table 10.
Since F, = 4.75 £ Fonsae) = 5.14, the ma-
chine means are equal. No further test is
necessary in this case.

For RCB, the summary of analysis includes:
(1) the treatment means, ¥.; (2) SE (x;) =52 /r;
(3) CV = (Vs1:%/%) 100; and (4) the comparison
L if the computed F value is significant.

Latin Square (LS}

Again the main objective in the use of this
design is to compare the effects of & treatments.
It is best for & between 5 and 8.




64 IDRC-053¢ RICE: POSTHARVEST TECHNOLOGY

TabBLE 8. Analysis of variance (AOV) table for completely randomized design (CRD).

Source of Sum of Degrees of Mean
variation squares freedom square

sV) (SS) (DF) (MS) F value
Total 9.23 n—1=14
MaChiﬂe 8.63 k—-1=2 4.315 = st .S'Mz/SE“ = 86,3
Error 0.60 n-k=12 0.05 = 552

The features of this design are: (1) the total
number of experimental units is n = &2, i.e. a
perfect square of k; (2) when used in field
experiments, it is assumed that the experimental
area (rectangular or square) varies in two direc-
tions, say, by row and column. It may also be
used in experiments where the effects of two
other factors (the row and column factors) are
also to be investigated, but it is assumed that
the effects of the factors are independent.

In LS, the randomization is restricted in
two ways: (1) the treatments are allocated at
random within each column and within each
row; and (2) no two treatments must appear
more than once within each row and within
each column.

Example
Let A, B, and C be the machines, C;, Cs, and

C3 be the moisture content, and V,, Vg, and V3
be the varieties. Measurement x = the per-
centage of whole grain in the sample. The lay-
out for this 3 X 3 LD design is shown bzlow.

C] C2 Ca
Vi B 68.2 C 67.8 A 66.1
Va A 682 B 617 C 66.2
Vs C66.6 Ao6B4 B 66.3

The tabular format for computation of the
AOYV is shown in Table 11.

Machine total: A = 202.7; B = 202.2;

and C = 200.6
Machine mean: ¥ = 67.6; ¥p = 67.4;
and X¥c = 66.9

Computation:
CF = (605.5)2/9 = 40 736.69

TapLe 9. Data format for randomized complete block (RCB) design.

P
lace Machine Machine

Machine 1 2 3 4 total mean
A 68.2 68.0 68.4 68.5 2731 68.3
B 66.1 67.5 66.3 66.6 266.5 66.6

C 67.8 66.0 67.9 67.8 269.5 67.4
Total: 2021 201.5 202.6 202.9 809.1

Mean: 67.4 67.2 67.5 67.6 67.4

TasLE 10, Analysis of variance (ACV) table for randomized complete block {RCB}) design.

Source of Sum of Degrees of Mean
variance squares freedom square

{8V} (SS) (DF) (MS) F value
Total 9,28 kr-1=11 —
Machine 5.46 k-1=2 2.73 Syt = 475
Place 0.37 F=1m=3 0.12
Error 3,45 khk-r-1= 0.575

-
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Total SS = (68.2)*+ ... 4 (66.3)> — CF
= 40 744.07 - CF
= 7.38

Moisture cbntent S5S
_ (203.002 + ... +(198.6)* _

CF
3
— 40 742.06 — CF
= 5,37
2 2
Variety s = 0217+ - + @13 o
= 40 736.84 — CF
= (.15
2 2
Machine SS = @02.7)° + . 3 . +Q2006)°
= 40 737.50 — CF
= 0.81

Error S8

I

Total 8§ — Moisture content S5
— Variety 8§ — Machine S8

= 1.05
The AOV table is given in Table 12.

Factorial Designs

When the effects of two or more factors are
being investigated in an experiment in which the
factorial combination of the various levels of
the factor is the total number of treatment, then
the design is said to be factorial. For instance,
if factor A has r levels, factor B has b levels,
and the treatment combination AB has been
used in any one of the basic designs, then the
design is an a X b factorial in CRD, RCB, or
LS. Factorial design measures the effect of the
various main effects and interaction effects.

— M. B. pE Ramos. College of Agriculture,
University of the Philippines at Los Baiios,
College, Laguna, Philippines.

TasLe 11. Tabular format for computation of analysis of variance (AOV) for Latin square (LS) design.

Moisture content (MC) (column)

Variety Variety Variety
{row) C C, C: total mean
Vi, (B) 68.2 (C) 67.8 (A) 66.1 202.1 67.4
Vs (A) 68.2 (B) 67.7 (C) 66.2 202.1 67.4
Vs (C) 66.6 (A) 68.4 (B) 66.3 201.3 67.1
MC total 203.0 2039 198.3 605.5
MC mean 67.7 68.0 66.2 673=%
Machine totai A = 2027 B = 202.2 C = 200.6
Machine mean X, = 676 ¥p =674 ¥o = 669
TasLe 12, Analysis of variance {AOV) table for Latin square (LS) design.
Source of Sum of Degrees of Mean
variance squares freedom square
(SV) (89) (DF) (MS) F value
Total 7.38 k*—1=8 —
Moisture content 5.37 k—1=2 2.685 5.11ms
Variety 0.15 k—1=2 0.675 1,29ns
Machine 0.81 k—-1=2 0.405 1
Error 1.05 k— )k —2)=2 0.925 = sg?

NOTE: ns = not significant; Fo.es2,0 = 19.00.




66 IDRC-053e¢ RICE: POSTHARVEST TECHNOLOGY

Laboratory
Tests

A laboratory analysis shows the value of
the sample tested. To determine the quality of
the whole bulk of rice, from which the sample
has been taken, it is essential that the sample
be truly representative; it should: (1) con-
tain the same elements present in the whole;
(2) contain these elements in the right pro-
portion; and (3) maintain these elements in
a stable Londition. The first two points involve
proper sampling techniques; the third is re-
lated to the preservation of the sample (dry
airtight containers).

The representative sample collected from
the bulk grain is in excess of the quantity re-
quired for laboratory tests and reference pur-
poses. To ensure that the parts of the sample
contain the same proportion of light and
heavy grains, dust, and other impurities as the
bulk, the sample must be properly mixed and
divided.

A hand turned seed mixer (Fig. 38) is used
to mix the sample. After a thorough mixing
the sample is divided in a sample divider (Fig.
39). The grain from the hopper (1) flows
through a throttle (2) over the surface of a
cone where it is collected by pockets (3) and
is channelled into two containers (4).

Rice samples can also be mixed and divided
by hand if the sample is spread in a thin layer
on a board and then divided and subdivided
into even portions.

Laboratory Scales

All figures used for rice testing are expressed
or referred to in weight, When paddy, accord-
ing to local custom, is measured by volume,
data obtained from laboratory tests must be
converted.

In rice testing, accurate weighing is of para-
mount importance as any slight weighing
error can greatly alter the results of the
analysis.

Two types of scales are required for rice
testing (Fig. 40): (1) A scale for weighing
the paddy samples. It should have a capacity
of 500-1000 g and be accurate to 0.1 g. The
scale pan is removable and shaped to facili-
tate pouring the grain into the hoppers of the
milling equipment; {2) A precision balance to
weigh dust and other foreign matter that is
generally present in very small quantities, It
should have a 50 g capacity and be sensitive to
0.1g.

The bulk density of a sample is determined
by weighing a known volume of grain, which
is obtained by pouring the grain into, a con-
tainer with a known capacity and levelling
with a straight edge.

Cleaning (Dockage)

Three distinct operations are needed to
clean rough paddy or miiled rice: (1) separa-
tion of straw, dust, chaff, and other coarse ma-
terials from the grains; (2) removal of weed
seeds; and (3) grading to separate immature,
undersized, and broken kernels from whole
grains. These operations are done with various
screens and sieves and indented plate graders.

The difference between a sieve and a screen
is not in the component’s construction, but
in the type of work performed. With a sieve
the good grain falls through the openings
(scalping); whereas, a screen allows the good

I 1

FiG. 38. Hand turne. sample mixer.
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Fic. 39, Sample divider: (1) hopper; (2) throttle; (3) pockets; and (4) containers for divided samples.
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FiG. 40. A. Scale for grain sample. B, Analytical dial-reading balance.
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grain to pass over the top while the weed
seeds and small dockage fall through the sieve
apertures (screening),

* - "Wire-mesh, perforated plates, and indented
plates for laboratory use can be made into
pans for hand operation, or built into ma-
chines of the following main types: recipro-
cating sieve or vanner; plansifter; and rotating
ree] or trommel. Special machines using in-
dented discs are also available, The plates and
discs on laboratory machines should be inter-
changeable to suit the work to be done. There
should be an ample range of sifting pans to
deal with different rice varieties,

Foreign matter is separated in the labora-
tory with the same methods that are used in
commercial milling, i.e. by taking advantage
of the difference in size, shape, and weight of
foreign matter as compared to the good grain.

Simple hand sieves and a special hand
machine can be used to separate by thickness
(Fig. 41}. The hand machine coasists of a
helical wire cylinder (1), which is turned by
hand. Rice is poured through the opening (2)
and after screening, it is discharged at the
other end of the cylinder; whereas, weed seeds
and undersized materials passing through the

screen are collected in a hopper (3). A comb
(4) keeps the screen clean.

Figure 42 is a sectional drawing of a labora-
tory apparatus for removing light foreign mat-
ter by an air blast. The paddy is poured
through the receiving hopper (1) and flows
through the regulating valve (2) into the
second hopper {3} where an induced blast of
air removes light foreign material from the
paddy and delivers it into the cylone (4), The
blast of air can be adjusted by regulating the
speed of the fan through control (5),

Figure 43 shows a laboratory fanning mill,
From the hopper (1) the paddy falls on the
reciprocating sieve through which the good
grains pass to the screen underneath. Coarse
foreign matter is collected in (2) while good
seeds and dockage fall through the screen and
are collected in (3). As the grain falls from the
screen it passes through the air blast that blows
dirt and chaff into a bag (4). Clean paddy is
collected in (5). The strength of the blast has
to be such that unwanted matter, but not the
good grains, is blown out. Depending on the
type of mill, the blast can be adjusted either

by regulating the speed of the fan (6) or by

altering the air spout in the fan housing.

U

Fic. 41. A, Hand sieves, B. Hand operated rice gtader with concave wire screen.
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Fic. 42. Laboratory grain cleaning aspirator: (1) receiving hopper; (2) regulating valve; (3) second hopper;

(4) cyclone; and (5) fan control.

Moisture Content

The moisture content of rice has a bearing
on: (1) keeping quality; (2) loss of weight
by evaporation during storage and processing;
(3) milling output; and (4) cooking char-
acteristics of milled rice.

It is, therefore, important to determine the
moisture content of paddy during the foltow-
ing stages: (1) in the ficld to determine the
proper time of harvesting; (2) on the farm or
in the drying facility, to control the degree
of drying; (3} during storage to obtain safe

storage, and determine possible evaporation
losses; and (4) during milling, to prevent ex-
cessive breakage.

Accuracy combined with rapidity are the
most important points, Because accurate,
direct, methods are time consuming, quick
testing methods are used even if they are not
100% accurate, provided the error is small
and constant.

Thermostatic ovens for the conventional
determination of moisture content are es-
sential in any laboratory to check rapid-type
moisture testers, to ascertain their errors, and
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FIiG. 43, Laboratory fanning mill: (1) hopper; (2) path for coarse foreign matier; (3) path for good seed and
dockage; (4) bag for chaff and dirt; and (5} bin for clean paddy.

work out correction factors {calibration).

The methods used to determine moisture
content can be divided into four groups, based
on their principles of operation: (1) evapora-
tion; (2) direct distillation; (3) alteration in
some physical property; and (4) chemical
reactions,

Testing methods based on water evapora-
tion are the most popular and practical. Be-
cause of the biological aspect of the rice grain,
errors between 0.5 and 1.0% are not un-
common. Too high a temperature may also
gelatinize some of the external part of the
kernel, which impedes water evaporation.

Moisture determinations based on direct
distillation involve the use of hydrocarbons
such as toluol and xylol that, after dilution
with water, condense in separate layers in a
graduated tube to allow quick determination
of distilled water.

Chemical methods are based on a reaction
between a given substance and the water con-
tained in the grain. For example, the “Chopin”
method is based on the measurement of the

amotnt of acetylene gas generated by the re- .

action of calcium carbide with the water in
the rice kernels,

Electric moisture testers base their measure-
ments on changes in the electrical properties
of the grain. For example, the higher the
moisture content, the higher the conductivity,
and the higher the flow of electric current
through the metre.

Purity of Rice Variety

The degree of purity of rice varieties is re-
lated to: (1) varietal impurity; and (2) nat-
ural diversity.

Varietal impurities are caused by the pres-
ence of other varieties in the bulk. Natural
diversity is malformation with respect to the
morphological characteristics of the variety.
Such malformations can be of heritable origin
or may be caused by alterations that occur
during the growing and ripening process.

Rice varieties can be grouped ag¢cording to
the shape of the kernel — long, medium, short,
or round. As a consequence, when the mass
includes varieties of different shapes, separa-
tion can be done with sieves and screens to
grade the sample according to length and
thickness. On the other hand, when different
varieties of the same group are present (i.c.
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having the same shape) grading can only be
done by hand.

Grading for purity can be carried out on
_both paddy and milled rice.

Drying Paddy Samples

If the paddy sample to be tested is milled
after threshing and before drying, the milling
test will either give inaccurate resuits or not
be possible at all. Damp paddy cannot be
milled, and very dry paddy may produce a
higher (or even lower) percentage of brokens
than paddy dried to the correct degree of
moisture for safe storage.

Laboratory paddy driers have been de-
veloped that enable testing of damp paddy
samples taken after threshing. All laboratory
samples obtained from the same lot should be
dried in the same manner, In addition, the dry-
ing process should be as similar as possible to
commercial drying, or should give the same
results, or, at least, constantly proportional
results,

Drying can be carried out in stages with
resting periods to allow the moisture inside the
kernel to become evenly distributed. Drying
time, temperature, air pressure, velocity, and
resting periods should be chosen in accord-
ance with the moisture content of the grain
and to attempt to reproduce as closely as pos-
sible commerciai drying methods.

While drying, moisture losses are checked
by weighing the sample, i.c. by determining
reductions in weight due to water evaporation,
Once the moisture contents before and after
drying are known, the percentage reduction
in weight of the sample that occurred during
the drying process is found:

% reduction in weight :
% MC before — % MC after
100 — % MC after

For example:  original MC = 17.5%; MC
after drying = 12%

= 100 X

% reduction in weight

17.8 - 12
=100 X ——

100 — 12
= 6.25%

After removing foreign matter, drying the
sample, and ascertaining the moisture con-
tent, the potential milling properties are de-
termined. Many factors have an influence on
the value of paddy and they require an expert
for their identification, but even he is not in-
fallible and his opinion cannot be precisely
checked. Therefore, to avoid an empirical or
biased verdict, this operation should be done
mechanically, by actually milling the rice.

The main objectives of sample milling are
to ascertain: (1) the total miiled yield, i.e.
the total quantity of whole and broken grains
recovered from the sample; and (2) the head
rice yield, which is the quantity of whole
grains recovered from the sample.

Assessing the milling quality calls for a test-
ing device capable of simulating in the smallest
space and in the shortest time the main pro-
cesses that are carried out in a commercial
mill, Moreover, the device must give results
closely approximating those of the mills, so
that its output can be compared with that from
a commercial mill,

Several different types of testing devices are
available. The performance of each is closely
related to the principles of operation, accuracy
of adjustment, and to the capability of the
operator in interpreting the results. They can
be classified according to steps followed, type
of feeding, and the principle of operation,

(1) Steps followed while processing, i.e.
(a) shelling and whitening followed in two
different steps through two different machines;
or (b} shelling and whitening in one run
through a single machine.

(2) Whether or not feeding is continuous,
i.e. (a) batch type, which is fed with a given
quantity of grain; (b} a unit fed with a con-
tinuous flow of grain; or (¢) a combination of
the two, ¢.g. a continuous feed sheller and a
separate batch fed whitening unit,

(3) The principle of operation, i.e. (a) fol-
lowing the European method, which includes
the pearling cone; or (b) following the Ameri-
can method where whitening is done by the
so-called huller.

The milling technique practiced in the
country concerned will decide the type of
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Fia, 44, Flowchart showing the complete operation of a rice testing mill; (1) sheller; (2) whitening machine;
(3) grader; (4) separator; (5) aspirator; (6) bin for aspirated material; (7) bin for husked rice;
{8) blower; (9) cyclone’ (10} conduit to whitening machine; (11) conduit to bin for total yield;
(12) bin for total yield determination; (13} conduit to grader; (14) bin for bran; (15) bin for head
rice; (16) bin for big brokens; and (17) bin for small brokens,




laboratory mill to be used.
Figure 44 shows in principle the layout of
a complete sampling unit, including sheHer

- +w(1), whitening machine (2), grader {3), and
- mechanical handling devices,'After the sheller

the products ‘pass into a separator (4) where

" the'husks are removed by an aspirator (5) and

collected in (6). The husked rice is delivered

- 't0 (7)), -or it .may-continue through milling

" machines. In the latter case the grain is trans-

- ported by blower (8) into cyclone (9), from
where, through cenduit (10) it is conducted
into the whitening machine (2), which dis-
charges the bran into (14) and the rice kernels
back to {8) again to be elevated and recycled
once more. By repeating the cycle several
times the rice is progressively whitened until
it reaches the desired milling condition.

The cyclone can now be placed at position
(11) to deliver the product into {12) if the
total milling yield must be determined. On the
other hand, if separation of brokens from head
rice is desired, by moving the cyclone to (13),
the product can be discharged into the grader
(3}, which delivers head rice into (15), big
brokens into (16), and small broken into
(17). Such a testing unit will determine: the
husked rice yield in (7); the total milling yield
in (12); and the whole grain yield in (15). —
Extensive use was made of Gariboldi's 1973
paper “Rice testing methods and equipment”
in the preparation of the text and adaptation
of the illustrations for the foregoing section on
Laboratory Tests.

Model
Grading
System

The standardization of national rice grading
systems as a means of facilitating international
trade in rice has been one of the objectives
pursued by the FAO Intergovernmental Group
on Rice since its inception in the mid-1950's,
The Group's earlier efforts materialized in
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1958 in the approval of a Model System of
Grading Rice in International Trade, includ-
ing standard definitions of terms, which was
recommended for adoption by governments.

A number of countries used the Model in
revising their grading systems, but many new
developments also occurred in methods of
grading, in the varieties available for export,
and in the milling practices. Taking stock of
these developments over a 10-year period,
the Group agreed at its thirteenth session in
1969 that the Model System needed recon-
sideration. It was felt that it should be made
more broad-based by taking into account all
the important characteristics of rice traded
currently in the world market.

The task of revising the original Model Sys-
tem and the definitions of the terms used in
rice trade has been accomplished by the Inter-
governmental Group’s subsidiary body — the
Sub-Group on Rice Grading and Standardiza-
tion — with the collaboration of national ex-
perts and government representatives from 41
countries during its two meetings in 1970 and
1972, The Recommended Model Grading Sys-
tem for Rice in International Trade and the
definitions of terms, as revised by the Sub-
Group, are presented here,

In considering the results of this work, the
Intergovernmental Group on Rice agreed that
the practical value of the Model System would
be determined by the follow-up action taken
by governments to ensure that national rice
standards were generally compatible with the
recommended principles, provisions, and
terms, At its request, therefore, the Director-
General of FAO transmitted the recommended
Model Grading System for Rice in Interna-
tional Trade, together with the definitions, to
all governments concerned with achieving
consistency in national rice grading standards.

Recommended Model Grading System
for Rice in International Trade

(As revised by the Seventh Session of the
Sub-Group on Rice Grading and
Standardization, May, 1972)

1. The description of rice entering interna-
tional trade should cover three main headings:
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A, Intrinsic character, i.e. the class, or variety
of rice; B. Processing; C. Acquired character-
istics, i.e. qualities not inherent in, but subse-
quently acquired by the same class of rice.

A. Intrinsic Character

2. The intrinsic character must be described
through classing by external characteristics,
with indication of size and/or shape. Addi-
tionally, the variety and weight may be speci-
fied, where required.

3. Four classes should be provided for de-
scribing rice by the external characteristic
‘size’:

Aa: Extra-long: Rice with 80 percent or

more of whole milled kernels having
a length of 7.0 mm and above.

Ab: Long: Rice with 80 percent or more of
whole milled kernels having a length
of 6.0 to 6.99 mm.

Ac: Medium: Rice with 80 percent or more
of whole milled kernels having a
length of 5.0 tc 5.99 mm.

Ad: Short: Rice with 80 percent or more of
whole milled kernels having a length
of less than 5.0 mm.

4. Three classes should be provided for de-
scribing rice by the external characteristic
‘shape’:

Ae: Slender: Rice with whole milled ker-

nels having length/breadth ratio over
3.0, Also known as ‘Long grain rice’

Af: Bold: Rice with whole milted kernels
having length/breadth ratio between
2.0 and 3.0. Also known as ‘Medium
grain rice.”

Round: Rice with whole miiled kernels
having length/breadth ratio less than
2.0. Also known as ‘Short grain rice.

5. Three classes for describing rice by the
external characteristic ‘weight’ should be pro-
vided:

Ah: Extra heavy: Rice with whole milled
1000 kernels, with 14 percent mois-
ture, weighing over 25 grams.

Ai: Heavy: Rice with whole milled 1000
kernels, with 14 percent moisture,
weighing 20 to 25 grams,

Aj: Moderately hegvy: Rice with whole

Ag:

mifled 1000 kernels, with 14 percent
moisture, weighing under 20 grams.

6. In the description of milled rice, the

adjective ‘glutinous’ should be added, wher-

ever applicable. All rice not bearing this ad-
jective should be regarded as nonglutinous,

B. Processing

7. National standards should specify:
Ba: Parboiling? and any other processing
prior to milling; and
Bb: The degree of milling; and
Be: Any processing supplementary to ordi-
nary milling.

8. In addition to the category of husked
rice, four degrees of milling should be defined:

Bba: Husked rice: Paddy from which the
husk only has been removed. Also
known as ‘brown rice,” ‘cargo rice,
‘hulled rice,’ ‘loonzain rice,’ and ‘sbra-
mato rice.’
Undermilled rice: Paddy from which
the husk, a part of the germ, and all
or part of the outer bran layers, but
not the inner bran layers, have been
removed.
Bbc: Reasonably well milled rice (Medium
milled rice): Paddy from which the
husk, the germ (part of the germ in
the case of round rice), the outer
bran layers, and the greater part of
the inner bran layers have been re-
moved, but parts of the lengthwise
streaks of the bran layers may still be
present on not more than 30 percent
of the kernels.
Well milled rice: Paddy from which
the husk, the germ (part of the germ
in the case of round rice), the outer
bran layers, and the greater part of
the inner bran layers have been re-
moved, but parts of the lengthwise
streaks of the bran layers may still be
present on not more than 10 percent
of the kernels.

Bbb:

Bbd:

2Since parboiling is a process applied prior to
milling, different degrees of milling (such as ‘par-
boiled - well milled,” ‘parboiled - extra-well
miilalled' etc.) should be provided wherever appli-
cable.
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Bbe: Extra well milled rice: Paddy from
which the husk, the germ (part of the
germ in the case of round rice), and
the bran layers have been complete-
ly removed.

9. Bc: When rice is subjected after milling
to further processing either to improve its
appearance and keeping quality, or to enhance
its nutritive value, or to ameliorate its cook-
ing characteristics, such processing supple-
mentary to milling should be mentioned in the
description to enable buyers of rice to examine
it in relation to the existing regulations in their
countries. The use of soap-stone containing
magnesium silicate should be prohibited.

10. When milled rice is coated or treated
to enhance its nutritive value, the term ‘en-
riched’ should be added in the description of
the rice.

C. Acquired Characteristics: Grades

11. When describing rice, a clear distinction
should be made between intrinsic character-
istics and acquired characteristics. Differences
in acquired characteristics should be regarded
as constituting the gquality of rice, and should
form the basis for distinction between grades.

12, The following essential criteria should
be included in national grading standards:

Ca: Percentage of broken kernels;

Cb: Percentage of red and red-streaked

kernels;

Cc: Percentage of damaged kernels;

Cd: Percentage of chalky kernels;

Ce: Percentage of foreign materials;

Cf: Percentage of paddy;

Cg: Percentage of contrasting classes of

rice;

Ch: Percentage of moisture;

Ci: Percentage of yellow kernels;

Ci: Percentage of immature or green

kernels;

Ck: Maximum limit of chemical residues;

Cl: Minimum limit of whole rice.

[3. One or more of the following two
optional criteria may be included in national
grading standards where considered neces-
sary:

Cm: Percentage of stained or spotted

kernels.

Cn: Percentage of other discoloured

kernels,

i4. In the case of parboiled rice, the fol-
lowing two optional criteria may be included:

Co: Maximum limit of nongelatinized

kernels;

Cp: Maximum limit of nonparboiled

kernels,

15. The maximum or minimum lmit for
each of the above criteria should be on the
basis of weight and not on the basis of volume,

16. When grading by the percentage of
broken rice, there should be at least two cate-
gories of brokens:

Caa: Big brokens: Pieces of kernels smaller
than three fourths but bigger than
one half the average length of the
unbroken kernel.

Brokens other than big brokens:
Pieces of kernels equal to or smaller
than one half the average length of
the unbroken kernel.
Intergovernmental Group on Rice of the Com-
mittee on Commodity Problems, Food and
Agriculture Organization of the United Na-
tions, Rome, Italy.

Cab:

Specifications'’

Rough Rice

This standard specification for Philippine
Palay or Rough Rice is hereby promulgated
under a fixed designation PTS (Philippine
Trade Standard) No. 042-01.02; 1968, This
standard was formulated by the Philippine
Standards Council, in order to fix a uniform
basis for determining quality. The cooperation
of the Rice and Corn Administration, Rice
and Corn Board, U. P. College of Agriculture,
Bureau of Plant Industry, International Rice

8Philippine Trade Standard Specifications for
Palay (Rough Rice) PTS 042-01.02; 1968, and
Milled Rice (Second Revision) PTS 042-02;
1973,
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Research Institute, Rice and Corn Production
Coordinating Council, Agricultural Produc-
tivity Commission, Araneta University Foun-
dation, and Greater Manila Rice and Corn
Association, were in a large measure re-
sponsible for the formulation of this standard.

Suggestions for revision should be addressed
to the Bureau of Standards, P.O. Box 3719,
Manila, Philippines.

1. Scope

1.1 This standard covers the system of
classifying and grading palay of Philippine
origin.

2. Definition of Terms

2.1 For the purpose of this specification,
the following terms are hereby defined:

2.1.1 Rough rice — Those which contains
509% or more of unhulied kernels.
Foreign matters — These are jm-
purities such as stones and sand but
excluding weed seeds.

Immature kernels — Those which
are mostly green and/or chalky.
Damaged kernels — Those which
are distinctly discoloured or dam-
aged by water, insects, heat, or any
other means.

Other varieties — Those  kernel
which differ distinctly from the
characteristics of the palay under
consideration.

Fermented kernels — Those which
are yellowish or otherwise dis-
coloured.

Cracked kernels — Those which are
either cracked or broken.

Red rice — Those palay, the kernels
of which are red.

Weed seeds and other crop seeds —
All seeds which are other than palay.
Moisture content — This is the
water content of the grain computed
on a wet basis, as received.
Percentages — These are quantities
expressed in weight.

2.15

2.1.10

2.1.11

3. General Requirements
3.1 It shall be free from such foreign odors
as mouldy ground, insect, rancid, sharp acrid

and chemical, which are common to unsound
rice.

3.2 It shall be free from live insect infesta-
tion.

3.3 The unit of trading shall be by weight
expressed in kilograms or in metric tons.

4, Classification and Grading

4.1 Palay varieties shall be classified in ac-
cordance with the length of the kernel.

4.1.1 The types of palay based on the
length of the brown kernel shall be
the following:

Type 1 — Long grain — the length

of the kernel is above 6.5 nim,

Type II—Medium grain — the

length of the kernel ranges from 5.5

to 6.5 mm.

Type III — Short grain — the length

of the kernel is below 5.5 mm.

4.2 Each type of palay shall be grouped as

follows: ,

4.2.1 Fancy — the kernels have a flinty
uniform appearance, and are shiny,
translucent, or creamy white.

4.2.2 Special — the kernels exhibit a de-
sirable uniform white, creamy white,
or gray colour,

Ordinary — the kernels exhibit a
white to dull white or light gray
colour.

4.2.4 Inferior —

1. Milled rice with coloured pericarps
regardless of cooking character-
istics and translucency.

2. Milled rice which is discoloured
due to handling and storage.

4.3 Each group of palay shall be graded
according to the result of analysis as follows:

4.3.1 Grade I — Palay having at ieast 98%
purity, foreign matter not more than
2%, weed seeds none, immature
kernelzs none, damaged grains 2%,
cracked kernels 3%, other varieties
3%, fermented kernels none, red rice
trace, moisture content not exceeding
14%.

Grade 2 — Palay having at least 96%
purity, foreign matter not more than
4% , weed seeds none, immature ker-
nels 2%, damaged kernels 3%, other

4.2.3

43.2
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TanLe 13. Standard grade requirements for rough rice.
Weed
and
other Im- Dam- Fer- Mois-
Foreign crop Cracked mature  aged Other mented Red - ture
Purity matter  seed  kernels kernels kernels varieties kernels rice  content
Grade (max %) (max %) (max 7) (max %) (max %) (max %) (max %) (max %) (max %) (max %)
1 98 2 ne:e 3 none 2 3 none trace 14
2 926 4 nore 4 2 3 5 0.5 1 14
3 94 6 tra e 5 4 4 8 1 2 14
4 92 1.75 0z 6 7 6 12 2 3 15
5 50 9.5 0.5 7 10 8 17 3 4 15
NoTE: Paddy + Foreign matter + Seeds = 100%.
TabLe 14. “ariety—Classification of grain as to group and size.
Fancy Special Ordinary
Type I—Long size grain
1. None L. Tjeremas 1. Ramadia
2. intan 2. Peta
3. Bengawan
4. AC 440 Dr. 260
5. Azucena
6. BPI-121
7. Raminad Str. 3
Type H—Medium size groin
1. Milfor 1. BE-3 1. Peta
2, BPI-76 2. IR-8
3. Macapagal 3. Macan
4. Raminad 4, Kinandang Puti
5. 12-36 5. Kinandang Pula
6. Bencer 6. Ramai
7. Sinampablo 7. Palawan
8. Seraup Ketchil
9. Kinanda
10. Elon-Elon
1. C-18
12. Milbuen
13. Dinalaga
Type HI—Short size grain
1. Milagrosa |. Hinumay I. Binato
2. Wagwag 2. Palagad Imus
3. Minantika 3. Ninoro
4. Mangarez
3, Macan—700
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varieties 5%, cracked kernels 4%,

fermented kernels 0.5%, red rice 1%,

moisture content not exceeding 14%.

Grade 3 — Palay having at least 94%

purity, foreign matter not more than

6%, weed seeds trace, immature

kernels 4%, other varieties 8%,

damaged kernels 4%, cracked ker-

nels 5%, fermented kernels 1%, red
rice 2%, moisture content not ex-

ceeding 14%.

4.3.4 Grade 4 — Palay having at least 92%
purity, foreign matter not more than
7.75% , weed seeds 0.25% , immature
kernels 7%, damagzed kernels 6%,
other varieties 12%, fermented ker-
nels 2%, red rice 3%, cracked ker-
nels 6%, moisture content not ex-
ceeding 15%.

4.3.5 Grade 5 — Palay having at least 90%
purity, foreign matter not more than
9.5%, weed seeds 0.5%, immature
kernels 10%, damaged kernels 8%,
other varieties 17%, fermented ker-
nels 3%, red rice 4%, cracked kernels
7% , moisture content not exceeding
15%.

4.3.6 Sub-standard grade — Palay that
would not meet any of the above re-
quirements but the moisture confent
shall not exceed 16%.

433

5. Packing and Marking

5.1 Packing

5.1.1. Palay shall be packed in jute gunny
sacks or in similar protective con-
tainers, weighing 50 kilograms net on
the basis of 14% moisture content.

5.2 Marking

5.2.1 Each bag shall be properly labelled
in big letters with a suitable tag meas-
uring approximately 18 X 12 cm,
containing the following information:

5.2.1.1 Province where grown and crop

year

5.2.1.2 Type, group, variety, and grade

5.2.1.3 Name and address of warehouse

5.2.1.4 Net weight in kilograms

6. Sampling
6.1 Samples are drawn from the lot with

the use of sampling instruments like the Stick
Trier or Sleeve-type Trier or Hobbe Trier,
When there are 10 bags or less, each bag shall
be sampled. If there are more than 10 bags
but not exceeding 100 bags at least every
tenth bag but not less than 10 bags shall be
sampled. If a lot contains more than 100 bags,
at jeast 10% of the number of bags shall be
sampled at random.

6.2 When a lot is sampied, several indi-
vidual samples are drawn from different places
in the buik. Each probe or each handful of
sample is called the primary sample. All pri-
mary samples drawn are combined in a suit-
able container. This combined primary sample
is called the composite sample. When the com-
posite sample has been properly reduced, it is
called the submitted sample. This sample is
submitted to the laboratory for quality tests.
The reduced sample, obtained from the sub-
mitted sample, is termed the working sample.

6.3 The sampling shall be done at random
from the top, middle, and bottom of each con-
tainer. The inspector shall be responsible for
sampling the entire lot and the submitted
samples should carry the following informa-
tion:

6.3.1 Name and address of owner

6.3.2 Variety name

6.3.3 Lot number

6.3.4 Number of bags in the lot

6.3.5 Date harvested

6.3.6 Name of inspector

6.4 Preparation of the working sample —
Samples received in the laboratory are re-
duced to a working sample. The sample sub-
mitted shall be repeatedly divided so that the
working sample will be as representative as
the original. An efficient divider must be used.

6.4.1 Use of Mechanical Divider - The

equiprnent usually used is the Boerner
Sample Divider. The sample is
emptied into a hopper at the top of
the divider and released by a hand
lever to let it flow over an inverted
cone. It passes through a series of
slots around the circumference of the
cone and falls into two chutes. At the
mouth of each chute is a bucket into
which half of the sample runs. The
sample is divided into approximately
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equal halves again and again until -

it is about 1 kilogram.
6.4.2 Halving Method — In the absence of
' a mechanical sample divider, the
halving method will be used. The sub-
mitted sample is repeatedly divided
until about 100 grams of the quantity
© remains.

7. inspection

7.1 Destination Inspection — When the
palay is passed through points other than des-
tination, the contract may require that the
palay be inspected at destination for quantity
and quality.

7.2 At the time of loading palay for foreign
trade, shipping weights shall be taken and
certified before the inspectors of the Bureau
of Standards or a government weigher in the
tocality.

8. Test Methods

8.1 Grading Test— Weigh about 100
grams of palay from the representative
sample. The palay shall be separated from
other extraneous matters and weighed to de-
termine the percentages.

8.2 Moisture content determination — The
moisture content of palay shall be determined
by using a properly calibrated moisture tester.

8.2.1 Brown-Duvel Moisture Tester — Du-

plicate samples of 100 grams each are
taken from a thoroughly mixed palay
sample. Each weighed sample is
transferred into the flask of the tester,
which is then filled with 450 ml of
thie Brown-Duvel testing oil (Spica oil
has similar properiies). A thermome-
ter is inserted through the stopper of
this flask. Four-fifths of the mercury
bulb of the thermometer should be
submerged in the sample and the oil.
After tightly fitting the stopper, the
flask is connected to the condensing
tube of the tester. Heat is applied
until the cut-off temperature, or
210 °C, is reached. The moisture dis-
tilled off is collected in a clean, dry
graduated cylinder, The amount of
moisture collected will determine
directly the percentage moisture

content of the sample, It is read after
the temperature has gone down to
160 °C (as prescribed in the direction
-for using the Brown-Duvel Moisture
Tester).
8.2.2 Air-Oven Method — Two to five
grams of the sample are ground and
* weighed in a weighing bottle with a
constant weight. The powdered
sample is placed in an electric oven
for 5 hours at a temperature of 130
°C. Then it is allowed to cool inside a
desiccatof and weighed afterwards.
The percentage moisture content is
computed on the wet basis.

9. Effectivity
9.1 This Standards Administrative QOrder
shall take effect upon its approval,

Miiled Rice

This standard specification for Milled Rice
is hereby promulgated under a fixed designa-
tion PTS (Philippine Trade Standard) No.
042-02; 1973.

This standard was revised due to the request
of the National Grains Authority and upon the
suggestion of the Technical Commilttee to up-
date the standard specification and the defini-
tion of terms to suit the present trend in the
rice industry. It also includes the weight per
sack of rice to be 50 kilograms in accordance
with NGA Act.

Suggestions for revision should be addressed
to the Bureau of Standards, P.O. Box 3719,
Manilta, Philippines.

1. Scope

1.1 This standard specification covers
milled rice produced in the Philippines, both
for foreign and domestic trade.

2. Definition of Terms

2.1 For the purpose of this standard, the
following terms relating to milled rice are
hereby defined as foliows:

2.1.1 Milled rice — whole or broken ker-
nels where the hulls and at least the
outer bran layers and a part of the
germ are removed.




80 IDRC-053e RICE: POSTHARVEST TECHNOLOGY

2.1.2 - Nonglutinous rice — generally trans- 2.1.15 Yellow kerrel — yellowish milled
Tocent with greater amyiose content rice due to fermentation or heat.
than amylopectin and turns bluish 2.1.16 Damaged kernel — kernels attacked
when {reated wih potassium todide — by microorganisms, insects and/or
iodine solution. other means.

2.1.3 Glutinous rice — generally opaque,
sticky when cooked, with higher 3. Classification and Grading
amylopectin than amylose content 3.1 Philippine milled rice shall be of the
and turns reddish-brown when following type based on the length of the
treated with potassiom fodide —io-  kernel,
dine solution. , 3.1.1 Type I— Long grain — Jonger than

2.1.4 Brewer or binlid — portions of a 3.9 mm.
kernel which will pass through a 3.1.2 Type II — Medium grain — length
4/64 sieve (1,587 mm), ° ranges from 5.0 to 5.9 mm.

2.1.5 Broken kernels —milled rice smaller 3.1.3 Type HI—-Short grain — shorter
than head rice but larger- than than 5.0 mm.
brewer or binlid. 3.2 Each type shall be graded imto sub-

2.1.6 Chalky kernels — kernels with 50 types according to the shape based on the
or more white portion. - length-width ratio.

2.1.7 Flinty kernel —kernel with less . 3.2.1 Slender — Length-width ratio 3.0 or
than 50% white portion, . more.

2.1.8 Foreign matter — impurities such 3.2.2 Bold — Length-width ratio ranges
as weed seeds, stones, sand, dirt, . from 2.0 ta 2.9.
etc. foreign to milled rice. 3.2.3 Round — Length-width ratio is less

2.1.9 Head rice— whole kernels and than 2.0.
those not less than 34 in size. 3.3 The description of the milled rice ac-

2.1,10 Kernel — edible portion of a paddy  cording to types and sub-types shall be taken
grain. collectively under ihe term Grain type.

2.1.11 Milling degree — the extent or de- 3.4 Rice shall be classified according to
gree of polishing the rice kernel. varietal names. See Table 16.

2.1.12 Other varieties — rice kernels of dif- 3.5 Each group of milled rice shall con-
ferent varieiy/ies other than the form to any of the following classes accord-
variety under consideration, ing to the degree of milling.

2.1.13 Paddy or Paiay — unhulled grain. 3.5.1 First class — milled.rice from which

2.1.14 Red rice — rice with any degree of the husk, the germ, the outer and the
redness. inner bran layers have been removed.

TasLE 15. Standard grade requirements for Philippine milled rice,
Premium :

grade Grade I Grade 11 Grade ill
1. Head rice (9;) 95 min 85.0 min 150 min 65.0 min
2. Brokens (%) 4 max 12,0 max 20.0 max 28.0 max
3. Binlid (Passes through sieve 4/64) (%) 1 3.0 max 5.0 max 7.0 max
4. Yellow and damaged (%) 0.5 1.0 max 2.0 max 4,0 max
5. Chalky and immature kernels (%) 2.0 4.0 max 6.0 max 8.0 max
6. Paddy (No. /100 g) none 1 max 2 max 3 max
7. Other varieties (%) 2 4 max & max 8.0 max
8. Red rice (%) none 0.50 max 1.0 max 1.5 max
9. Foreign matter (%) none 0.25 max 0.5 max 1.0 max
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TasLE 16. Philippine rice varieties classified as to grain types and subtypes.
Length Width L/W
Variety (mm) (mm) ratio Type Subtype
1. Milagrosa 4.095 2,020 2,02 111 Bold
2. Milfor 5.468 2,041 2.67 I Bold
3. Wagwag 5314 2.246 2.36 1l Bold
4, C-4-63-G 6.877 2.097 3.27 1 Slender
5. C-4-137 7.000 2.163 3.23 1 Slender
6. C-18 6.751 2.096 3.22 1 Slender
7. C-12 6.028 2,156 2.79 1 Bold
8. Intan §.795 2.041 332 1 Slender
9. BE-3 5.502 2293 2.30 1 Bold
10. BPI-76 5.904 2.251 2.62 I1 Bold
11. BPI-121 6.820 2.136 3.19 1 Slender
12, IR-22 6.199 1.952 3.17 i Slender
13, IR-24 6.636 2.081 318 1 Slender
14. TR-661 6.460 2,187 293 I Bold
15. IR-20 5.503 2.130 2.58 11 Bold
16. IR-12 5.876 2.261 2,59 & Bold
17. IR-5 6.131 2.450 2.50 1 Bold
18. IR-8 6.440 2.387 2.69 1 Bold
19. Tjeremas 6.770 2.083 3.24 I Siender
20. Seraup Ketchil 5.617 2.457 2.28 11 Bold
2]1. Peta 6.168 2474 2.49 I Boid
22. Pinili 5774 2,233 2.58 11 Bold
23. Binato 4971 2.500 198 m Round
24, Ramadia 6,005 2.339 2.56 I Bold
3.5.2 Second class — milled rice from 85%, not more than 5% of which
which the husk, germ, the outer and are 34 Kernels, broken 12%, binlid
the major part of the inner bran layers 3%, yellow and damaged 1%, chalky
have been removed. and immature kernels 4%, paddy 1
3.5.3 Third class — milled rice from which grain/ 100 grams, other varieties 4%,
the husk, a part of the germ and red rice 0.5%, and foreign matter
outer bran layer but not the inner 0.25%.
bran layer has been removed. 3,6.3 Grade II — Head rice noi less than
3.5.4 Pinawa (brown rice) — milled rice 75%, not more than 5% of which

from which only the husk and part of
the germ has been removed.

3.6 Each class of milled rice shall be graded
according to the following description.

3.6.1

3.6.2

Premium grade — Head rice not less
than 95%, not more than 5% of
which are 34 kernels, broken 4%,
binlid 1%, yellow and damaged
0.5%, chalky and immature kernels
2%, paddy none, other varieties 2%,
red rice none, and foreign matter
none,

Grade I-— Head rice not less than

3.6.4

are 3 Kernels, broken 20%, binlid
5%, yellow and damaged 2%, chalky
and immature 6%, paddy 2 grains/
100 grams, other varieties 6%, red
rice 1%, and foreign matter 0.53%.
Grade I1] — Head rice not less than
65% , not more than 5% of which are
34 kernels, broken 28%, binlid 7%,
yellow and damaged 4%, chalky and
immature kernels 8%, paddy 3
grains/ 100 grams, other varieties
8%, red rice 1.5%, and foreign mat-
ter 1%.
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4. General Requirements
4.1 Moisture content shall not exceed 14%.
4.2 1t shall be free from unpleasant and/or
repulsive odor.
4.3 Tt shall be free from insect infestation.
4.4 The unit of trading shall be by weight
expressed in kilograms or metric tons.

5. Packing

5.1 Milled rice shall be packed in new or
good used Hessian cloth bag, jute gunny, or
plastic sacks without paiches and weighing
50 kilograms net to afford maximum pro-
tection from normal hazards of transportation
and handling. Smaller packages may be al-
lowed provided the net weight shall be in full
kilograms of 1, or multiple of 5 kilograms
subject to buyer/seller agreement.

6. Marking

6.1 Each bag shall be properly labelled with
the following information:

{a) Type and subtype, variety, class, and

grade

{b) Name and address of miller

{c) Net weight in kilograms

(d) Crop year and date of milling

7. Sampling

7.1 Ten percent (10% ) of the total number
of bags should be sampled but in no case
should the number of bags sampled be less
than five (5) bags.

7.2 Each probe or handful of sample drawn
is called the primary sample. The combined
primary samples are called a composite
sample. When a composite sample has been
properly reduced, it is called the submitted

sample. A sample obtained from the submit-
ted sample is called a working sample.

7.3 The submitted sample should carry the
following information:

7.3.1 Name and address of owner

7.3.2 Variety

7.3.3 Lot number

7.3.4 Number of bags in the lot

7.3.5 Crop year and date of milling

7.3.6 Date of sampling

7.3.7 Name of inspector

7.4 Preparation of the working sample —
Samples received in the laboratory are reduced
to a working sample. The sample submitted
shall be repeatedly divided so that the working
sample will be the representative of the ori-
ginal. An efficient divider must be used in the
absence of a mechanical divider.

8. Test Method

8.1 Grading test — Weigh about 100 grams
of milled rice from the representative sample.
The head rice shall be separated from other
extraneous matter and weighed to determine
the percentage.

8.2 Moisture content determination — The
moisture content of milled rice shall be de-
termined by using a properly calibrated mois-
ture tester or by oven drying. In the air-oven
method the temperature should be maintained
at 105 °C = 0.1 C",

8.3 Potassium iodide —iodine test — In
case of doubt whether a variety is glutinous or
not, a KI-I test shall be made on the kernels.

9. Effectivity

9.1 This Standards Administrative Order
shall take effect 20 days after completion of
its publication.
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Equipment
and
Operations

Improper harvesting and threshing usually
result in losses of up to 5% of the crop; there-
fore, better production techniques alone are
not sufficient to solve the food problem. Atten-
tion must also be paid to the correct methods
for harvesting and threshing to minimize field
losses. These two processes constitute about
30% of the total time spent in producing
clean dry paddy that is ready for milling,

As harvesting approaches, the plants must
be observed daily, and the panicles on the most
mature tillers inspected. Water is drained from
the field 1-1.5 weeks before harvesting
Harvesting should be carried out when the
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field yield and milling vield of IR8 (Bhole
et al, 1970).

hulied grain on the upper portion of the pan-
icles are clear and firm and most of the grain
at the base of the panicle is in the hard dough
stage. At this time at least 80% of the grains
are straw-coloured.

The moisture content of the paddy at har-
vest varies with location. In most areas of
Asia the paddy is left standing in the field to
sun dry, in some areas it is harvested at a
moisture content of 20-25% and stacked until
it is dry before it is threshed; whereas, in other
areas, it is harvested and threshed at a rela-
tively high moisture content. Figurz 45 shows
the effect of moisture content at harvest on the
field and milling yields of ER8. It can be seen
that the optimum moisture content for har-
vesting is 21-24%,

Ruiz (1965) concluded that the average
grain losses at different harvesting times were:
1 week before maturity 0.77%; at maturity
3.35% ;1 week after maturity 5.63% ;2 weeks
after maturity 8.64% ; 3 weeks after maturity
40.70% ; and 4 weeks after maturity 60.46%.

Therefore, timing of the harvest and the
moisture content at harvest are very important
for achieving maximum yield and quality of
the rice.

With the introduction of new varieties of
rice, fertilizers, and pesticides, the problems
of harvesting and threshing have increased
because of the greater amount of crop that has
to be handled. In the double-cropping areas,
the harvesting and threshing of the first crop
and the land preparation for the second crop
come so close together that it is often difficult
to handle these operations with traditional
methods, Johnson (1968) studied the labour
requirements for rice production in the Philip-
pines for both the single- and the double-
cropped farms. The study indicated that while
there was some surpius of labour during the
slack period, a labour shortage occurred dur-
ing the harvesting-threshing season.

The predominant methods used in the
tropics consist of manually harvesting the
paddy plants and then threshing either by
manual, animal, or mechanical means. In the
advanced countries, however, harvesting and
threshing of rice has almost entirely changed
to mechanical methods and this has resulted
in tremendous labour savings. Stout (1966)
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TasLE 17. Power requirements for rice harvesting in man-hours, animal-hours, and rated horsepower-hours
per hectare (information collected from various publications in rice production, Johnson 1963).

Man-h/ha Animal-h/ha Rated hp-h/ha

Average Average Average
Min Max range Min Max range Min Max range

Hand harvest, individual panicles

with small knife 240
Hand harvest with sickle, transport. 69¥%
and stack 72 370 80-160
Tractor and binder (40 bp)
1. Binding 4.0 80
2. Shocking (stacking) 8.0 —
3. Threshing 12 30 240
4. Hailing 2 80
Combine, 2-man crew (60-80 hp)
1. In US 22 15 4.4 175
2. In tropics 3.2 215 6-12 100 600 180-360
Thresh
1. Foot threshing by man 2060
69*
2. Flail threshing 16*  35% 20-30%
3. Beating on bamboo frame,
basket, etc. 16%
4, Pedal thresher 8-10* 25% 100
20%
5. Trample by ox ot buffale 60 150
89 178
6* 6::
6. Powered Japanese thresher
0.5-3 hp 48 197 100 15 25
20%  25% 3% 5%
7. Treading with standard tractor 80 55 150 80
8. Treading with 13-hp tractor
and disc harrow 50*%  80%
9. Stationary large thresher 12 30 12 90 180
10 NIAE thresher 52% 155% 80+ 32% 97 3=
Cleaning of grain
1. Tossing in air 10%
2. Field winnowing with hand fan 6.7%
3. Fan mill, hand operated 1.5% 7%
4. Chalff sieve 40* B.0%

NotE: Figures marked with asterisk (*) are for number of hours per 1000 kg (or metric tonne).

estimates that countries of Southeast and Far by different methods from various references
East Asia expend 5-7 h of labour to produce (Table 17). With the exception of Japan,
20.4 kg of rice while only 5-7 min are re- where rice is mechanically harvested and then
quired to produce the same amount of rice dried on straw before threshing, the rest of
by highly mechanized production methods. the advanced countries have changed to direct
Johnson (1963) collected the power require- combining of rice. Even in Japan, with the
ments for harvesting and threshing of paddy recent introduction of small head-threshing
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type combines, a shift to direct combining of
paddy is rapidly taking place.
- In the tropics, interest in mechamzmg the

K _harvestmg-threshmg operatmn is hlgh due to
+the “increasing ‘cost and seasonal shortage of
" labourand the timing problems involved in

* double. croppmg - The recently 1ntroduced_
“dwarf - paddy varieties are -also better suited in
~lem and will have to be approached both from

. for” -mechanized harvestmg and threshmg

. __Furthermore the increased income of the

‘farmers from higher paddy vields has prowded

additional incentive for mechanization. There
are, however, a number of constraints that
have hindered the mechanization of harvest-
ing-threshing operations.

Farmer Constraints

Low income, inability to raise capital, re-
fuctance to change traditional methods, poor
mechanical aptitude, and the desire to save
straw for other uvses.

Farm Constraints

Small farm holdings, very small plot size
with high bunds, poor water control, inade-
quate ground support for harvesting equip-
ment, and lack of access roads to the fields.

Crop Constraints

Excessive moisture content at harvest time,
uneven ripening, severe lodging and entan-
gling of paddy (especially the traditional vari-
eties), varieties with high-shattering tendency,
and low grain-straw ratio,

Equipment Constraints

Lack of functionally and economicaity suit-
able equipment for tropical conditions, an the
high cost of imported equipment, which must
compete with relatively low-cost labour.

In spite of some of these impediments, in-
terest in mechanizing the harvesting-threshing
operation is substantial in the tropical region.
The introduction of new high-yielding varie-
ties that are less susceptible to lodging and
ripen more evenly has been the most en-
couraging development for the introduction of
mechanized harvesting-threshing practices.
The present combines have been developed to

.\

-Tteducing . -machine weight and

a stage where crop moisture is no longer a
major probiem. Some new combines can har-
vest paddy at moisture levels of 25-30%.

-:The problems of inadequate ground support

and machine mobility are being tackled by
increasing
ground contact area. Adequate water control
in _the farmers’ fields is still a difficult prob-

the"r_nachine design and the farm improvement

" level.

The various operational elements of paddy
harvesting and threshing are cutting, binding,
transporting, threshing from panicle, separat-
ing grain from straw, separating grain from
chaff, separating grain from empty grains and
finer impurities, and the delivery of grain for
storage or drying. Various harvesting systems
have evolved in different parts of the world
and some do not necessarily follow the above
sequence in total. In the most mechanized
system of harvesting-threshing, all the opera-
tions are simultaneously done in the field with
a combine that facilitates the operation and
substantially reduces the labour requirements.

Harvesting of Plants

The operation of cutting a plant is achieved
by four different actions: (1} slicing action
with a sharp, smooth edge; (2) tearing action
with a rough, serrated edge; (3) high-velocity,
single-element impact with a sharp or dull
edge; and (4) a two-element, scissors-type
action. ‘

Generally, manual harvesting involves slic-
ing and tearing actions that result in plant
structure failure due to compression, tenston,
or shear. The serrated sickle combines a slic-
ing and a sawing action. The serrated edge
used in cutting devices restricts the sliding
action of the plant on the blade edge and
helps to retain the plant on the blade for ade-
quate cutting. It has also been reported that
sickles with serrated edges do not require the
repeated sharpening needed by smooth-edge
sickies.

Single-element impact cutting is an eco-
nomical method of cutting unrestrained veges
tation and has been widely used in rotary
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lawn. mowers, forage choppers, and some
tractor-mounted cutterbars. Generally, ma-
chines based on this principle are quite simple.
Usua]ly a _single-element, sharp-edged blade

~ cutting - edge ‘has ‘a - significant effect on the
5 velocnty necessary for eﬁ'ectlve cuttmg A

- dull-edged, - single- element blade - requu'es a’

. velocity. of about 45 m/s (9000 fpm). for cut-
- ting.: Most. rotary - cutters operate at blade
" velocities of 40-70 m/ s (8000—14 000 fpm).
A tractor-mounted swath harvester cutter-
bar based on the single-element impact cutting
principle is marketed by a European manu-
facturer. This machine has a series of small-
hinged rotating blades mounted closely on a
frame to harvest a wide swath. The machine
is poputar . in Europe for upland crops and
brush cutting operations, It is more rugged
than the conventional reciprocating cutterbar,
which is the most popular crop-harvesting
mechanism. The single-element cuiting ap-
proach has been used, in Japan, for some
portable paddy harvesters and two makes of
reapers. These machines are equipped with
high-speed rotary saws for cutting plants.
The two-element scissors action is the most
widely used for harvesting agricultural crops.
The reciprocating cutterbars that are com-
monly used  for harvesting paddy use this
principle. Cutting is done by shearing rice
stems between moving Kknife sections and
ledger plates. The included angle between
the cutting edges is about 38 degrees. Ser-
rated blades permit a larger included angle be-
cause the plants cannot easily slip between
the two cutting edges. Reel cutters also use
the two-element scissors action but their use
has been limited to lawn mowers and some
forage choppers. Reciprocating cutterbars do
an exceilent job of harvesting but are char-
acterized by high energy losses, short service
life, dynamic imbalance, and restricted oper-
ating speeds. Improvements have been rela-
tively limited by the high inertial and frictional
forces involved in this type of mechanism.
Many experimental attempts have been made
to replace the reciprocating cutterbars; how-
ever, none of the experimental devices has
been able to match their overall performance.

‘Manual Methods

The practice of harvesting paddy plants,

.. drying in_the field, and then threshing pre-
Tequires a velocity. of about 10 m/s (2000 -
fpm) for impact cuttmg “The. sharpness of the

dominates in the major rice-growing areas of

the tropics. A sickle is generally used for
‘manual harvesting of paddy. There are many
-variations in sickle designs and both smooth
-and serrated blades are popularly used.

Chancellor (1963) studied energy require-
ments for cutting rice stalks with smooth and
serrated sickles and concluded that both are
equally effective in cutting the plants. Paddy
plants are harvested by holding the sickle in
one hand and gathering the plants for cutting
with the other hand. Plants are cut from 3 to
20cm above the ground depending on the
method of threshing to be used. The hand-
helding of straw, while harvesting, reduces
grain scatter losses as compared to harvesting
with tractor mowers (Fig. 46). Ezaki (1963,
1969) reports that the harvesting output of a
skilted man in nonlodged rice is about 0.01
ha/h and that of a woman is about 0.006
ha/h,

In some parts of Indonesia, Malaysia, and
the Philippines, only the panicles are har-
vested. This is done by using a smalil knife or
& special tool that has a small metal blade
fitted in a short wooden block. This is a high
labour-consuming practice that requires about
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175% more labour than sickle harvesting,
Often religious or traditional reasons are
given for this practice. In Java, custom allows
a harvester to gather only one basket from
each field for it is believed that taking more
than a basket will displease the “godmother
of good harvest.” This practice, however,
seems to have some practical reasons in areas
where fields are inaccessible by roads and the
harvested paddy has to be carried for miles
along field levees. In such areas, fields are
far away from the roads and no threshing
equipment can be conveniently carried into
the fields. Harvesting of paddy with long
straw under such conditions would certain-
ly create a serious transportation problem.
The harvested panicles are tied in small
bundles for sun drying. Usually a skilled per-
son can harvest about 15 kg of paddy per
hour.

In Japan, 2 manually operated, push-type
harvester called a hand dropper was devel-
oped. It consisted of a pair of serrated blades
mounted at a 30 degree angle to each other, a
mechanism to retain the harvested plants, and
a lever to drop the harvested plants. A harvest-
ing rate of 0.02-0.025 ha/h has been reported
by Ezaki (1963, 1969); however, Taneja
(1963) reported that such a dropper was tried
in India on rice, but it was not found satis-
factory.

Animal-drawn reapers have been tried at
the Central Rice Research Institute at Cuttack,
India, for harvesting rice. Using a pair of bul-
locks, an average output of 0.2ha/h (0.5
acre/h} has been reported. Compared to
manual harvesting, working costs were less
than one-third. However, these were old horse-
drawn reapers from Western countries and
many operational problems were encountered
in harvesting rice; therefore, the units were
not considered practical for harvesting paddy
in India.

Power-Operated Harvesters

In the early stages, the mechanical har-
vesters developed in Japan were single or mul-
tirow side-delivery windrowers (Fig. 47),
equipped with reciprocating cutterbars and
scme type of side-delivering mechanisms,

FiG, 47, Multi-row side-delivery windrower: (1)
deflecting cover; (2) cutter bar; (3) feeding
conveyor; and (4) manual header control.

Paddy plants were laid in a continuous swath.
These harvesters were equipped with 60-70
cm cutterbars and were mostly offered as at-
tachments to small walking tractors. Subse-
quently, some machines, called droppers, were
developed that intermittently dropped untied
bundles of paddy, making it easier to collect
the harvested crop. In the last few years, port-
able power scythes have been marketed by
Japanese manufacturers with rice harvesting
attachments., Most of these harvesters have not
been well accepted by the farmers. A slightly
different Japanese reaper, which has been in
production for some years, is equipped with a
small rotary saw mounted on a planetary drive
arrangement. A 1-m wide swath is harvested
by the small saw and is collected inside a cir-
cular passage. The collected untied bundles of
paddy are dropped to one side of the machine.

Ezaki (1963, 1969) reports that in 1950,
work on developing a binder was started at
the Institute of Agricultural Machinery at
Omiya, Japan. Subsequently, many manu-
facturers developed binders that dropped tied
bundles of paddy on one side of the machine.
During the last few years, these new binders
have received wide acceptance in Japan. Sales
figures of 1000 units in 1966, 10 000 in 1967,
80 000 in 1968, and 150000 in 1969 have
been reported.

These binders are equipped with recipro-
cating cutterbars. Plants are cut with the cut-
terbar and are conveyed to the side for tying
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in bundles. The bundles are ejected on the side
and fall at right angles to the plant rows with
the panicles away from the machine. These
-binders-have moving nylon fingers for lifting
" .lodged crops with ‘a .combing action. The
binders can -work successfully even when
paddy is lodged ‘at angles of 20-30 degrees.
" Generally the grain losses average about 2%,
The earlier binders were designed for one-
or two-row operation; however, during the
‘last few years, many manufacturers have in-
troduced three- and four-row machines. The
one- and two-row, side-delivery binders are
equipped with offset-mounted cutterbars and
this necessitates manual harvesting of one or
two rows of paddy before harvesting with the
machine. The larger three- and four-row
machines have in-line cutterbars that do not
require the initial manual harvesting. Another
interesting low-cost, single-row binder recently
introduced in Japan is designed to drop the
paddy bundles along the travel path of the
machine. The manufacturer claims that this
feature facilitates the coliection of bundles
from the ground. The larger tractor-trailed or
self-propelled harvester-binders from Western
countries have not been successful for harvest-
ing rice in the tropics.

Threshing

Threshing involves the detachment of paddy
kernels from the panicle and can be achieved
by three methods: (1) rubbing action; (2)
impact; and (3) stripping. The rubbing action
occurs when paddy is threshed by trampling
by men, animals, or tractors. It is not an effi-
cient method of threshing, The impact method
is the most popular method of threshing
paddy. Most mechanical threshers primarily
utilize the impact principle for threshing, al-
though some stripping action is also involved.

Paddy threshers can be classified by two
methods of feeding: (1) hold-on; and (2)
throw-in. In the hold-on method, paddy straw
is held stationary while threshing is done by
the impact on the panicle from cylinder bars,
spikes, or wire loops, In the throw-in type of
machines, whole paddy plants are fed into
the machine and a major portion of the grain

is threshed by the initial impact of the bars
or spikes on the cylinder. The initial impact
also accelerates the straw and further thresh-
ing is accomplished as the moving panicles
hit the spikes or bars of the concave.

The third type, stripping, has also been
used in paddy threshing, Some impulsive strip-
ping occurs ordinarily with impact threshing
in conventional threshing cylinders. Non-
impulsive type of stripping has been experi-
mentaily tried in centrifugal threshers and
strippers but no commercial machine has so
far been successfully developed.

Cleaning of grain involves the separation of
bulk straw, chaff, empty kerpels, and very
light and fine impurities from the grain. In
the simplest form, straw and chaff is manually
separated and the grain is dropped through
a cross wind to remove the lighter impurities.
Air can only remove impurities that have dif-
ferent aerodynamic properties from the grain.
Many different grain cleaning systems are
used in threshers, depending mostly on the
type of feeding method and the threshing
capacity. In the hold-on type of thresher, a
major amount of the straw does not pass
through the machine and only the removal of
chaff and light impurities from the grain is
necessary. This is achieved mostly by pneu-
matic means and in some cases by a combina-
tion of screens and air. In the throw-in type
of thresher, a large amount of straw is handled
through the machine. These machines use
straw walkers to initially separate the loose
grain from the large bulk of straw and chafl.
A chaffer screen is used to separate chaff from

. the grain before the finer impurities are re-

moved by an air blast,

Manual Threshing

The methods used for threshing rice man-
ually are: treading by feet; flail-threshing; and
beating on tubs, threshing boards, or racks. A
man can thresh from 15 to 40 kg of brown
rice per hour by these methods. The only
mechanical equipment used for manual thresh-
ing is the pedal thresher that originated in
Japan during the carly stages of mechaniza-
tion, This thresher is also popular in Taiwan
where a threshing team of 5-7 men work with
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each machine. The crew moves in a circle,
while one or two men are threshing the others
collect and bring new paddy bundles. The
cylinder rotates at about 300 rpm and the
inertia of the cylinder keeps the drum rotat-
ing as men take turns at pedalling the machine,
There is no cleaner with this thresher, Tests at
TRRI with this thresher indicate an output of
about 30-70 kg f paddy per hour. Attempts
have been made to introduce the pedal
thresher in other Asian countries; however, it
has not been weli accepted, Tn Taiwan, 60-65
man-h/ha are required for threshing with a
pedal thresher, which gives an approximate
output of about 50-80 kg/h, The improved
pedal thresher performance in Taiwan is per-
haps due to better coordination and teamwork
of the threshing crew.

Power Threshing
Treading under Tractor Tires

This method of threshing paddy has been
used in some Asiar countries, It is quite popu-
lar in Ceylon for custom threshing. The popu-
larity of this method can be attributed only
to a lack of suitable tractor PTO-driven
threshers. A threshing capacity of 640 kg/h
has been reported from Ceylon when two
threshing floors are alternately worked with
one tractor.

Threshing Cylinders

All power paddy threshers are equipped
with one of the following types of cylinder
and concave arrangement: (1) rasp bar with
concave; (2) spike tooth with concave; (3)
wire loop with concave; and (4) wire loop
without concave. Tests at IRRI indicate that
the spike tooth cylinder performs well both
with the hold-on and the throw-in methods
of feeding and its threshing quality is less
affected by changes in cylinder speed. Figure
438 illustrates the cylinder test stands and Fig.
49 and 50 show their comparative perform-
ance with the two methods of feeding. The
wire foop cylinder exhibited excellent per-
formance with the hold-on method of feeding.
The following optimum cylinder peripheral

velocities, in feet per minute, were obtained
for threshing paddy based on the performance
limits of 2.0% minimum unthreshed paddy,
1.09% maximum milled paddy, and 85% mini-
mum head grain yields:

Hold-on Throw-in

method  method
Wire leop without
concave, overfed 2650 3650+
Wire loop with concave,
underfed 2150 2900
Peg tooth 2150 2900
Rasp bar 2650 3650

Hold-On Thresher

Three types of hold-on threshers are popu-
lar for paddy.

(1) Engine-driven threshing drum. In Tai-
wan and some other countries, pedal threshers
have been converted for power operation by
using small air-cooled engines. These ma-
chines have no grain scparators or winnowers.
Cleaning is a time-consuming problem and the
output is relatively low. These threshers are,
however, simple and can be manufactured in
most Asian countries. Attempts are being
made in many Asian countries to incorporate
simple separating and winnowing mechanisms
in such threshers. A number of small manu-
facturers have recently introduced such
threshers in the Philippines.

{2) Japanese power threshers. These ma-
chines are equipped with a wire loop threshing
drum and regular cleaning and winnowing
mechanisms. Pue to the hold-on method of
feeding, output is not too high, but the ma-
chine can do a good job of grain cleaning.
Relatively high labour is required because the
paddy bundles have to be held by the oper-
ator until threshed. Gupta (1963) reported
the visible and invisible seed damage with this
type of thresher in tests conducted in India
on Aman paddy (Fig. 51).

Both single- and double-drum threshers are
offered by Japanese manufacturers. These ma-
chines can be operated either as hold-on or

4Compromise cylinder peripheral velocity
wherein: unthreshed paddy loss = 2.01%; milled
paddy at threshing = 0.64%:; and head grain
vield = 78.9%.
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FiG. 43. Threshing cylinder test stand,

throw-in threshers. In the throw-in operation,
threshed material is moved axially along the
cylinder axis because of the helical arrange-
ment of the wire loops and fins in the cylinder
cover. Most of the threshing occurs at the
first cylinder, which operates at a slower speed.
The hard-to-thresh grain is threshed in the
second cylinder, which rotates at a higher
speed. The machine wiii gerform well when
the quantity of straw is not too excessive.
Experience with the double-drum thresher in
the Philippines indicates that it is quite well
suited for threshing both wet and dry paddy

b 75 e
CROSS SECTION GF
THHLSHING DRUM

1 rTe

CROSS SECTION OF
THAESHING DRUM
AND CONCAVE

and other agricultural crops such as wheat
and srrghum.

(3) Self-feeding automatic threshers. These
machines are similar to the nonautomatic
thresher except that these machines are
equipped with paddy gripping feed chains
that automatically feed the paddy in a con-
tinuous layer. The threshing output is high and
the machine requires less labour.

Tests conducted at IRRI on a Japanese
automatic thresher equipped with a 3100 W
(4.2 hp) engine indicated an output of about
200 kg/h with three operators. Comparative
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a0 old threshers that were developed 50-70 years
ago in Europe and America. Many small ma-
B chine shops fabricate this machine in the Phil-
2k ippines. A major portion of the paddy in the
Central Luzon area of the Philippines is cus-
28 F tom threshed with these threshers. These
& bk threshers are belt-driven from a 45 000W
‘;,; (60 hp} tractor PTO pulley. Usually a crew
g 20 Invisible damage of 8-12 men operates these machines, which
8 / thresh about 20-30t of paddy per day. Be-

o &
/ -

_ P Visible damage
Ll 9 1 1 |
450 500 550 600 650 700 750

Speed of threshirg drum {rpm}

FiG. 51, Visible and invisible seed damage at
different threshing drum speeds of a
Japanese power thresher (Gupta 1963).

performance of nine paddy threshers tested at
IRRI in 1968 is listed in Table 18. These
tests include the performance results on the
two IRRI threshers, the drum and the table
threshers. The table thresher is of a noncon-
ventional design v. .h a flat, rotating threshing
surface with a built-in radial fan on its under-
side. This machine can thresh high-moisture
paddy without clogging.

Through-Flow Threshers

In this type of thresher, paddy plants are
completely fed into the machine. These ma-
chines are equipped with a threshing cylinder
and concave and have some separating and
cleaning mechanisms. The rasp bar cylinder
was previously considered suitable for rice;
however, all of the new rice threshers and
combines are equipped with spike tooth
cylinders. The spike tooth cylinder can oper-
ate without clogging even with large amounts
of straw at fairly high moisture levels, and
the grain is subjected to lower intensity im-
pact forces resulting in lower grain damage.

In the Philippines, large McCormick-type
threshers are widely used for custom thresh-
ing. These threshers are exact copies of the

cause of the high threshing capacity, the ma-
chine is moved often, which results in sub-
stantial down time. This type of thresher is
equipped with an elevator feeder mechanism,
rasp bar cylinder, straw walker, chaffer, sieves,
blower, and straw thrower. Since the intro-
duction of combines in the deveioped coun-
tries, new threshers have not been developed.
Consequently, the 50- to 70-year-old designs
are still being fabricated in the Philippines.
These threshers are sold in the Philippines for
about US$5000. Studies at IRRI indicate a
need for a lightweight, tractor PTO-driven,
three-point-linkage mounted thresher with a
capacity of approximately 12-15t/day for
custom threshing in many Asian countries,

Axial-Flow Thresher

The axial-flow thresher, which combines
threshing with air and screen cleaning
mechanisms, was developed by IRRL It is
lightweight and is mounted on wheels to pro-
vide good mobility in either wet or dry soil
(Fig. 52). It can be pulled behind a small
hand tractor, a jeep, or a truck.

The machine consists of a steel cylinder
equipped with peg teeth (Fig. 53). The fins
on the upper concave are positioned spiraily
to move the material axially to the discharge
end. A blower is located under the concave,
which winnows the chaft and empty grain that
fall through the concave. An auger collects
and conveys the winnowed grain to a rotary
screen sieve. This sieve separates pieces of
stcaw that pass through the perforated con-
cave and that arc not blown by the air from
the full grain. The grain from the screen sieve
drops to a trough and is then conveyed by
clevator flaps to the bag.

The thresher is powered by a 5200 W (7



TaBLE 18. Comparative performance of selected rice threshers (IRRI, Los Baiios, Laguna, Philippines, 1968).

Labour performance Economic performance
Machine petformance Power performance - X
Grain Threshing
Threshing hp-h output cost per
blade Engine per No. of man-h  per man-h Machine 44 kg
Thresher model type kg/h ha/h# hp 44 kg men® per ha? (kg) cost (pesos)
Pedal thresher Wire loop 68.64 3.0136 — — 2 128.20 34,32 NA
L.ocally manufactured
nonautomatic
single drum Wire loop 158.40 0.0360 4.0 1.333 3 83.33 52.80 2464 0.930
IRRI drum type Wire loop 252.12 0.05373 4.2 0.695 5 87.26 50.42 3000 1.06
IRRI table type Wire loop 228.80 0.0520 4.2 0.807 5 96.17 45.76 25060 0.912
Japanese automatic Wire loop 195,36 0.0444 42 0.946 3 67.56 65.12 3500 0.765
Locally manufactured
drum type Spike tooth 117.04 0.0266 12,5 4,700 4 172.94 29.26 6750 1512
Vogel nursery Spike tooth 126,72 0.,0288 10.0 3.473 4 138.81 31.68 NA
Turner *Economy™ Rasp bar 170,72 0,0388 10.0 2,571 4 120.00 39.60 NA
Garvie Type DA Rasp bar 163.24 0.0371 17.5 4,717 4 107.85 40,79 NA

*Based on 4400 kg fha yield,
¥Number of men includes one man who collects and sacks the grain,
S0URCET Semi Annual Substantive Report No. 8 and No. 9, IRRI-AID Mechanization Research Contract, iRRI, Philippines.
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FiG. 53. Threshing cylinder and upper concave exposed in IRRI axial-flow thresher (courtesy IRR1).

hp) air-cooled engine, and can handle freshly
harvested paddy with good separation and
cleaning performance. The operation requires
three men to feed, thresh, and bag the paddy,
and the output is 1 t/h. Because of the sim-
plicity of the design there are few operation
and maintenance problems.

Direct Field Harvesting-Threshing

Head-Threshing Combines (Japanese Style)

During the late fifties and sixties interest
was generated in Western style combines in
Japan. Between 1962 and 1968 about 400
such combines with 1.5- to 2.4-m (5- to 8-ft)
headers were imported in Japan. A number of
Japanese manufacturers also developed their
own versions of small, through-flow type com-
bines that were basically patterned after the
Western style through-fiow machines. These
machines, however, were not well accepted
as the grain loss and damage was generally
higher than the Japanese farmers were willing

to accept. These machines also consumed
more power and required larger engines due
to the energy lost in bruising the straw. The
very small field size in Japan also created
some operational problems,

Simultaneously, with the development of
the small, Western style, through-flow com-
bines in Japan, some manufacturers developed
small head-threshing type combines. Basically,
these combines consisted of a Japanese auto-
matic thresher mounted on a self-propelled
crawler platform and equipped with paddy
lifting, cutting, elevating, and feeding mecha-
nisms. Because the straw is not damaged in
harvesting, Japanese farmers prefer these ma-
chines to the through-flow combines. The
automatic threshers used in these combines
were already popular in Japan for threshing
dry paddy. The threshers used with the earlier
combines did not perform well because of the
high moisture levels encountered in direct
combining. The major limitations of the
Japanese automatic threshers are in the
separating and cleaning mechanisms when
working with high-moisture paddy. A number
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of companies have now improved the cleaning
capacity of the threshers by installing straw
walkers and oscillating sieves; therefore, these
machines can successfully harvest high-
moisture paddy.

These improved head-threshing combines
have 2-3% grain loss, and less than 1% grain
damage. The machines are equipped with well-
designed dividers and moving nylon pickup
fingers that lift the lodged crop with a combing
action. Two-row walking combines weigh ap-
proximately 600 kg and are equipped with
crawler tracks that enable them to work in
wet paddy ficlds. However, these machines still
encounter problems of mobility in wet fields
with a very high clay content or a very deep
hardpan.

Although this type of thresher has gained
acceptance in Fapan, it has not been marketed
successfully in other parts of Asia.

Through-Flow Combincs (Western Style)

There are three types of through-flow com-
bines: (1) tractor-trailed; (2) tractor-
mounted; and (3) self-propelled. The trailed
combines have almost been replaced by the
self-propelled machines because of improved
mobility and performance. One European
manufacturer has recently developed a tractor-
mounted 1.8-m (6-ft) combine that is lower-
priced than the self-propelled combine and
offers somewhat similar ficld mobility. The
manufacturer claims that it can work in rice;
however, no test data or information is avail-
able on its performance with rice.

The earlier tractor-drawn combines had 1.8-
m (6-ft) cutterbars and an output of 3.22
ha/10 h although these combines required
about 50% more labour than the self-pro-
pelled machines, However, these machines re-
quired one-third as much labour as with the
old binder method, A self-propelled 3.6-m
(12-ft) combine can harvest about 5.9 ha/
10-h working day and 2 4.2-m (14-ft) com-
bine can harvest about 6.88 ha/10-h day.

A standard self-propelled rice combine con-
sists of components for cutting, feeding,
threshing, separating grain from straw, clean-
ing, and temporary storage. Power is provided

both to the wheels and the harvesting-thresh-
ing mechanism from an engine mounted on the
combine. Rice combines differ from other
grain combines because they have higher
ground clearance, a higher header lift, crawler
tracks instead of wheels for improved mo-
bility in muddy fields, sealed bearings, adjust-
able pickup-type reel and lift guards for lodged
crops, and oversize straw walkers. Almost all
machines are equipped with spike tooth cyl-
inders and the cylinders rotate at a slower
speed for rice than for other grains.

Manufacturers claim that nearly 80-90%
of the grain is separated from the siraw at the
concave, thus improving grain separation at
the rack and reducing losses with straw. Gen-
erally, the popular header size is from 2.4 to
4.2 m (8 to 14 ft) although combines with up
to 82-m (27-ft) headers are now being
manufactured in the United States. The new
combines are equipped with hydrostatic trans-
mission drives and make extensive use of hy-
draulic motors for driving the harvesting and
threshing components. The use of hydraulics
has simplified the design of the combine and
has resulted in easier operation.

Careful operation and adjustments are
necessary to obtain satisfactory performance
from the modern combine. A brief description
of various losses and the precautions neces-
sary to minimize such losses are given below.

Scatter Losses

These are due to natural causes, such as
overripe paddy, wind, rain, and birds.

Cutting Table Losses

Pickup reels, rather than bat reels, are
essential for rice harvesting as nearly all fields
have some lodged or tangled plants. In stand-
ing rice, pickup reels are driven 50% faster
than the forward speed of the combine. In
lodged rice, reel speed should be about twice
the forward speed. The pickup fingers shoutd
be adjusted about 2.5-5 cm above and 35-43
cm ahead of the tip of the knife section when
the fingers are in their lowest position. When
the crop is flat on the ground, harvesting must
be done along the direction of lodging. Cutter-
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bar losses may increase due to dull knives and
ledger plates, improper register, or too fast
a reel speed.

Cylinder Losses

Spike tooth cylinders are normally used.
The cylinder peripheral velocity ranges from
20 to 25 m/s (4000 to 5000 ft/min). If the
rice is dry (14-18%), or is harvested for
seed, cylinder speed should be set at about
20 m/s (4000 ft/min). Cylinder and concave
tooth overlap should be about one-half the
tooth length, The cylinder has teeth over the
whole surface; whereas, the concave usually
only has two to four rows of teeth at the front
of the concave. Losses depend on the cylinder
speed, the clearance between cylinder and
concave, the condition of cylinder and con-
cave, the combine travel speed, the variety of
rice, the stage of maturity, the moisture con-
tent, the weather conditions, and the straw-
grain ratio. Early morning or late evening
harvest increases cylinder loss. Minimizing
cylinder loss (unthreshed grain) can sometimes
result in increased field hulling and damage
to the paddy.

Rack Loss

This is affected by varietal characteristics
and the amount of straw passing through the
racks. In down rice, plants are harvested very
close to the ground and because more straw
passes through the machine the rack losses
are increased.

Shoe Loss

Air-blast control is most important to mini-
mize losses. Air should be sufficient to lift and
float the chaff and light material and prevent
it from falling through the sieves. The air
should blow evenly throughout the entire area
of the sieves. The air setting must be based on
the amount of grain loss rather than the clean-
liness of the grain in the tank. Damp, green
paddy requires more air than dry paddy.

Hulling and Breaking

In long grain varieties, paddy is more easily
removed from the panicle than in medium and

short grain varieties. Too dry a crop (below
16% moisture content) can result in more
hulling.

Operator Losses

These are perhaps the most important. Cut-
ting the rice too high with less straw results
in increased cutterbar and cylinder losses.
Many heads on shorter straw or lodged straw
are lost in the field. When the straw is too
short it cannot be held by the beater and the
feed rolls while the cylinder impacts it; there-
fore, cylinder losses are higher. If cutting is
too low, excessive straw can clog the cylinder.
Operating the machine too fast overloads it
and increases losses.

Lo. s in Down Rice

Combine loss in down rice is usually double
the loss in standing rice. The proper speed of
the pickup reels is essential. The pickup reel
should not have a combing action in down
rice or it will knock off some of the grain or
panicles, To reduce losses, combining must be
done in the direction of lodging. Combining
in a cross-direction is not recommended. The
least amount of straw is taken into the machine
when the cutting is in the direction of lodging.

Some rice combines have been tried in
Malaysia, Vietnam, and the Philippines,
mostly in government farms or farmers with
large holdings. During August 1970, a study
was made on six Clayson 975 rice combines
with 53 500 W (72 hp) diesel engines and 4-m
(13-ft) cutterbars, These machines weighed
nearly 7t each and were equipped with
crawler tracks. The average production was
found to be 1.74 ha/10-h working day. An
average of 2.77 machine-h/ha was considered
realistic, which is much more than the 1.23
h/ha quoted in other reports on combine har-
vesting, Some of the major causes of high
downtime were: (1) rainy weather; (2)
mechanical breakdown, mostly of a minor na-
ture; and (3) poor field organization in locat-
ing farmers’ plots for harvesting.

This study showed an inverse relation be-
tween plot size and harvesting time per unit
area. It indicated that beyond a 0.8-ha (2.0-
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acre) plot area, the effect of plot area on
combine productivity is not too significant, It
also indicated poor combining output on plots
of less than 0.4 ha (1 acre). The main prob-
lems were: (1) shortage of access road sys-
tems and strong bridges; (2) uneven ripening
of crop within a farming locality; (3) too large
initial investment for farmers; and (4) in-
ability of the machine to work in areas where
the soil has a very high clay content or & very
deep hardpan,

The study indicated, however, that it would
be potentially profitable to operate these com-
bines in spite of the high initial costs. Prob-
lems of accessibility, soil conditions, and small
size of plots limit the areas available for com-
bine harvest in the Muda region. The selling
price of some of the self-propelled through-
flow combines ranges from US$20 000 to
$25 000 in the Philippines and other Asian

countries

It is highly doubtful that even some of the
larger farmers in the tropics could raise that
much capital. Perhaps such machines could
only be bought by governments. The experi-
ence in the Muda Irrigation Scheme of Malay-
sia, where these combines are now being used
for harvesting crops on a custom basis, should
be watched carefully. If it is successful it may
have application elsewhere.

Lawrence {1970) reports a study in which
he compared the economic aspects of seven
levels of mechanization in Pakistan from the
traditional animal-drawn implements to a
completely mechanized system of farming. He
concludes that in the cropping sequence con-
sidered in this study, the labour demand for
field operations fell only slightly when tractors
were introduced and lower levels of mechani-
zation actually increased labour demand.
Combining, on the other hand, did reduce the
demand for field labour considerably, The em-
ployment effects of introducing large combines
will clearly continite to be a matter of concern,

Recent Developments and Trends

The idea of directly stripping grain from
standing plants in the field has been experi-
mentally tried for some lime. A smaii stripper-
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harvester has been developed for plot harvest-
ing in Australia; however, when this machine
was tried at IRRI on rice, loss of grain on the
ground due to scatter was excessive, Strohman
et al. (1965) reported the developmont of a
stripper-harvester with a conical rotor. The
machine performed well with very low grain
losses in tests conducted on rice in Arkansas.
The large diameter of the conical rotor, how-
ever, did not adapt well for multi-row har-
vester design. Experimental stripper-har-
vesters have also been built in Taiwan and
Japan but none have reached a commercial
stage.

The idea of stripping grain is of special in-
terest for paddy harvesting because the elim
ination of handling straw through the ma-
chine can reduce substantially the machine
weight and improve its mobility in soft paddy
fields. Also, the cutting and elevating mecha-
IRRI Agricultural Engineering Department
has been working on the development of a
swath type stripper-harvester rather than a
row machine, This concept differs primarily
from all other experimental attempts in that
initially, the plants are gently bent into the
machine before a violent contact is made with
the belt-type threshing mechanism. The de-
flection of plants is done to reduce grain scat-
ter on the ground and to improve the col-
lection of grain. The experimental machine
(Fig. 54) is able to thresh all the grain on the
plant panicles. However, grain loss is still
above acceptable limits, and work is under-
way to minimize this loss.

Interest in stripper-harvesters is high and it
is hoped that a successful machine can be de-
veloped, because it would certainly be better
suited for harvesting rice in the tropics than
the Japanese or the through-flow Western style
combines. From the recent developments it
seems probable that within a few years light-
weight stripper-harvesters may be offered by
manufacturers.

Recent developments in conventional
through-flow rice combines are mostly di-
rected toward increasing the machine capacity
and size with increased width, wide flexible
cutterbars, larger grain tanks, and bigger en-
gines. Whereas these developments are well
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FiG. 54. Schematic drawing of [RRI field stripper-harvester.
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HARVESTING AND THRESHING

suited for the advanced countries, this trend,
unfortunately, is taking the newer combines
farther away from the requirements of the
developing countries. It is highly doubtful that
such large machines could be widely accepted
in the developing areas of the world.

For some years IRRI has been working on
the development of a thresher using rotary
threshing and separating components. A
tractor-mounted, PTO-driven, through-flow
thresher (Fig. 55) is currently under develop-
ment at the Institute and so far the test results
are very promising. The machine can thresh
high-moisture paddy without clogging. It uses
a spike tooth threshing cylinder and a muliti-
screen rotary cleaner that are mounted uni-
axially. The threshed material continuously
moves in a spiral path through the threshing
cylinder and the rotary cleaner. Up to 92%
grain-straw separation has been achieved at
the cylinder concave. Work is on hand to
optimize the recovery of the remaining grain
in the rotary cleaner. The thresher concept is
such that it can be easily adapted for a low-
cost rice combine. Harrington (1970) also re-
ports the developme:t of a multicrop, tractor-
mounted, PTO-driven thresher in India using
a large-diameter beater-type threshing mech-
anism. The machine can thresh paddy, wheat,
and many other crops.

Recent developments in Japan on harvesting
and threshing machines indicate a rapid shift
to combining. The basic Japanese automatic
head-threshing machine has remained un-
changed in design for a long time. During the
last 2 years, some marginal improvements
have been made in the cleaning mechanisms
to improve performance with wet crops and
increase capacity. These were necessitated be-
cause these threshers are used with combines
that harvest high-moisture paddy. Combine
size is gradually increasing from two rows
to three and four rows. The Japanese com-
bine can work well in the tropics for harvest-
ing and threshing of paddy. Recent attempts to
introduce this machine in Asia, however, indi-
cate that it is not very economical, The Japan-
ese combine is & complex piece of equipment,
and from a design point of view, it is doubt-
ful that the basic machine concept could be
sufficiently simplified to substantially rediice
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the price. The home market in Japan is mov-
ing towards larger three- and four-row com-
bines that are even higher-priced than the two-
row machines.

Requests received at IRRI for information
on threshers for tropical countries indicate an
intense demand for machines, both for the
individual farmers and for custom threshing
operators. Attempts are being made in many
developing countries to manufacture simple
hold-on type drum threshers.

The Japanese automatic threshers are
gradually being introduced in Asia but their
high landed cost restricts their acceptance.
The indigenous manufacture of small thresh-
ers is gradually developing in many tropical
countries but is hampered by the lack of
thresher designs that can be manufactured
by simple production methods. Developments
indicate considerable interest in large PTO-
driven threshers and it is hoped thai some
successful design will appear in the near fu-
ture, It seems doubtful that rice harvesting in
Asia wil go through the reaper-binder stage
like in Japan and the United States.

There is little doubt that in the long run
the harvesting and threshing of paddy in the
tropics will have to be done directly in the
field. The present combines, however, do not
seem to meet the special requircments of
tropical regions. Recent developments indi-
cate an intense interest in developing simpler
machines for paddy harvesting and threshing.
Looking at some of the recent technical de-
velopments, it seems that a breakthrough can
be made in the development of economical,
small-sized machines for direct field-harvest-
ing and threshing of paddy in the tropical re-
gions of the world,

Comparing Machinery, and Capacity
and Cost Data

Grain harvesting, threshing, and cleaning
affect the final product. Therefore, there is a
need to have a more critical look at the avail-
able processing methods for harvesting,
threshing, and cleaning. We wish to be able to
determine where and when losses in efficiency
occur during the entire process of cutting the
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standing crop, removing the grain from its
parent attachment, and cleaning the grain
prior to drying. To accomplish this, we must
be able to evaluate the performance of existing
machines or methods against a standard,
which considers many variables. For example,
it is not sufficient to associate milling damage
only with the effects of threshing, whether it
be the traditionral method of beating or a more
modern mechanical method, because there are
many other constraints in the process. In time
we must be able to identify these variables
whether they are biological, time-space, or
socioeconomic in nature.

It is important that the rated capacity of a
machine be determined when evaluating its
performance. However, this performance must
be based on standardized variables; otherwise,
comparisons between different machines are
not possible.

One of the Mowi lupvriau Vaiiavics (0 COn-
sider when evaluating the performance of a
machine is the moisture content of the grain.
Because the same machine may have an en-
tirely different capacity for wet and dry grain,
the moisture content of the grain should al-
ways be recorded when evaluating the rated
capacity. The capacity of the machine should
be stated either for raw and wet paddy with
a moisture content greater than 15%, or for
precleaned and dried paddy with a moistare
content equal to 15%.

The threshing efficiency of a hold-on
thresher could reach 100% because the
threshing time can be increased until all the
grains are removed. Hewever, for a throw-in
type ol thresher one of two indices can be
used to determine threshing efficiency, de-
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pending on whether the rice is threshed raw
and wet or clean and dry.”

(1) Raw standard
% raw threshing efficiency =
unclean grain

% 100
unclean grain -+ unthreshed grain

(2) Dry standard
% effective threshing efficiency =

clean grain

X 100
clean grain - unthreshed grain

A machine is considered to have good

threshing characteristics when the efficiency

is equal to or greater than 97%.

The amount of mechanical damage caused
by the machine must be minimal, Damage in
excess of 1% of the rated capacity is con-
sidered to be high. In addition, the machines
must not lower the germination percentage
of the grain. The germination percentage is
acceptable only when it is greater than 80%.

Other factors that should be considered
when evaluating the performance of a ma-
chine are fuel consumption (1/kg}, labour
supply (man-h/kg), and investment cost (per
kg). Aithough standards have not yet been
established for these variables they should al-
ways be recorded.

By using standardized variables, accurate
comparisons of the performance of different
machines are possible, — AMIR U. KHaN.
Department of Agricultural Engineering,
International Rice Research Institute, Los
Baiios, Laguna, Philippines.
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Psychrometry

A knowledge, of the terms used in psychro-
metry, which is the study of the properties of
the air; and use of the psychrometric chart are
essential for an understanding of the processes
involved in grain drying and storage and for
analyzing individual requirements for a par-
ticular climatic condition,

Psychrometric Chart

The psychrometric chart is a device that
simplifics the measurement of air properties
and eliminates many time-consuming and tedi-
ous calculations that would otherwise be
necessary. Different air-conditioning manu-
facturers have slightly different forms of this
chart, which may differ in the location of in-
formation. All, however, are basically the
same in that any psychrometric chart is siraply
a graphic presentation of the conditions or
properties of air, such as temperature, hu-
midity, and dewpoint.

Psychrometric Terms

The essential terms that are most commonly
thought of in connection with the psychro-
metric chart are dry-bulb temperature, wet-
bulb temperature, relative humidity, dewpoint,
and grains of moisture. Dry-bulb temperature

Bulb

-————

is the temperature of the air as measured by
an ordinary thermometer such as a household
thermometer (Fig. 56). Wet-bulb temperature
is the temperature of the air as measured by
an ordinary thermometer whose glass bulb

,is covered by a wet cloth or gauze (Fig. 57).

The temperature is recorded after the ther-
mometer has been moved rapidly in the air.
A wet-bulb thermometer is so-called because
the bulb of the thermometer is wet when a
temperature reading is taken. This is accom-
plished by slipping a cloth “sock™ onto the
bulb end of the thermometer and then dipping
both into water. Except for the “sock,” a wet-~
bulb thermometer is the same as a dry-bulb
or ordinary thermometer. To measure wet- or
dry-bulb temperature, a sling psychrometer is
used. A sling psychrometer (Fig. 58) has two
thermometers mounted on a base plate. The
one with the “sock” is the wet-bulb thermome-
ter; the other is the dry-bulb. The wet-bulb
extends below the dry-bulb. This is done pur-
posely so that the “sock™ can be dipped in
water without wetting the dry-bulb ther-
mometer, If the “sock™ is wetted as described,
and the two thermometers are moved quickly
through the air until the water evaporates from
the “sock,” the thermometer with the dry-
bulb will register the dry-bulb or ordinary
temperature, and the thermometer with the
wet “sock” on the bulb will register a wet-
bulb temperature. Although the air passing
over the dry-bulb is the same ‘temperature as
the air passing over the wet-bulb, the tempera-
ture registered by the two thermometers is not
the same. The dry-bulb always registers the
actual air temperature; the wet-bulb registers
a temperature that is lower than the dry-bulb
reading. The key to the seemingly apparent

180 F%range ——0  — g

—300F QOF

320F

2120F

™. Fra. 56. Dry-bulb thermometer. The bulb is the sensitive portion of the instrument. As the temperature of

the bulb increases, the liquid in the bulb expands and rises in the stem,
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Fig. 57. Wet-bulb thermometer. The clean cotton wick absorbs water. Evaporation of this water reduces
the temperature of the wick, and the resultant temperature is indicated by the mercury in the
thermometer stem.
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Fig. 58. Sling psychrometer. The two thermometers should be matched by the manufacturer; that is, the
readings obtained when the wick is removed and both thermometers are exposed to dry-bulb
conditions should be the same. The instrument is rotated about two to three times per second

until readings attain constant values.

discrepancy in temperature readings is the
word “evaporation.” As moisture evaporates
from a surface, it removes heat from the sur-
face. In this instance, moisture evaporates
from the wet “sock” on the wet-bulb ther-
mometer and consequently cools the surface
of the thermometer bulb. This is primarily the
reason for a lower wet-bulb thermometer
reading,

The temperature spread between the dry-
bulb and wet-bulb readings depends upon the
amount of moisture in the air. If moisture
content is high, evaporation at the “sock” on
the wet-bulb takes place at a stower rate. If
the moisture content of the air is low, the air
is dry and can readily absorb moisture. There-
fore, evaporation at the “sock” takes place
rapidly and heat is removed in larger quanti-
ties. This makes the surface of the wet-bulb
cool rapidly. As a result, the reading on the

wet-bulb thermometer is lower than for air
that has a high moisture content. Dry air, or
air that has a low moisture content, therefore,
has a low wet-bulb temperature; humid air,
or air that has a high moisture content, has a
high wet-bulb temperature. In fact, when the
moisture content reaches 100%, or 100%
relative humidity, the wet-bulb temperature
becomes the same as the dry-bulb temperature.
This can readily be seen on the psychrometric
chart. At this condition evaporation ceases be-
cause the air cannot absorb more moisture,
Therefore, it is not possible to remove heat by
evaporation from the “sock™ on the wet-buib,
and the two thermometers register the same
temperature.

Relative humidity is the ratio of the partial
pressure of water vapour in the air to the
pressure that saturated water vapour exerts
at the temperature of the air. Grains of mois-
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ture is the unit of measurement used to de-
termine the amount of moisture in the air;
700 grains equal 11b (0.45kg) of water.
Dewpoint temperature is the temperature at
which moisture condenses on a surface.

In relation to the psychrometric chart, these
terms can quickly tell many things about the
condition of the air: if the dry-bulb and wet-
bulb temperatures are known, the relative
humidity can be read from the chart; if the

dry-bulb temperature and relative humidity.

are known, the wet-bulb temperature can be
determined; if the wet-bulb temperature and
relative humidity are known, the dry-bulb
temperature can be found; if the wet-bulb and
dry-bulb temperatures are known, the dew-
point can be read from the chart; and if the
dry-bulb temperature and relative humidity
are known, the dewpoint can be found.

The grains of moisture in the air can be
determined from any of the following com-
binations: dry-bulb temperature and relative
humidity (RH); dry-bulb temperature and
dewpoint; wet-bulb temperature and relative
humidity; wet-bulb temperature and dewpoint;
dry-bulb and wet-bulb temperatures; or dew-
point alone.

Identification of Lines and Scales
on the Chart

Picture the chart as a shoe or boot with the
toe on the left and the heel on the right. Refer
to the skeieton psychrometer charts, Fig. 59
(A-F), to clarify the following points. (1)
The dry-bulb temperature scale extends along
the sole from toe to heel. The dry-bulb lines
extend straight up from the sole, one for each
degree of temperature. (2} The wet-bulb scale
extends along the instep from the toe to the
top of the shoe. The wet-bulb lines extend
diagonally downward to the sole and the back
of the shoe, one for ¢ach degree of tempera-
ture. (3) The condensation or dewpoint is the
same as the wet-bulb scale. However, the dew-
point lines extend horizontally to the back of
the shoe, one for each dewpoint temperature.
(4) The relative humidity lines are located
along the side of the shoe and follew approxi-
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mately the same curve as the instep. The in-
step line is actually the 100% relative hu-
inidity line. (5) The grains of motisture scale
follows along the back of the shoe from the
heel to the top. The lines are the same as the
dewpoint lines. (6) All properties of air at any
given condition can be represented on a
psychrometric chart by plotting a single point.

Relationship of Terms

The following examples illustrate all of the
foregoing relationships, Each example directly
relates to the psychrometric chart; therefore,
the chart-should be used to clarify the solution
to-each example.

Example 1

To calculate from the dry-bulb and wet-bulb
temperatures the relative humidity.

Given: Dry-bulb = 78 °F and wet-bulb =

65 °F

Find: Relative humidity

Solution: (Fig. 60, chart 1)

(1) Locate 78 °F on dry-bulb scale at bot-
tom of chart; (2) draw a line straight up the
78 °F line to the curve line at the instep; (3)
follow down the instep (wet-bulb scale) to
65 °F; (4) draw a line diagonally along the
65 °F wet-bulb line until it crosses the 78 °F
dry-bulb line; and (5) read 50% relative
humidity at the intersection of the dry-bulb
and wet-bulb lines, '

Example 2

To calculate from the dry-bulb and wet-
bulb temperatures the dewpoint.

Given: Dry-bulb = 78 °F and wet-bulb —

65 °F

Find: Dewpoint

Solution: (Fig. 60, chart 2)

(1) Find the intersection of the 78 °F dry-
bulb line and the 65 °F wet-bulb line; (2) pro-
ceed horizontally to the instep line; and (3)
read 58 °F dewpoint temperature. At 78 °F
dry-bulb and G5 °F wet-bulb, the dewpoint
temperature is 58 °F,
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Fic. 60. Skeleton psychrometric charts demonstrating the relationships between the psychrometric terms,
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Example 3

To calculate from the dry-bulb temperature
and relative humidity the dewpoint.

Given: Dry-bulb = 78 °F and relative hu-

midity = 50%

Find: Dewpoint

Solution: (Fig. 60, chart 3)

(1) Find the intersection of the 78 °F dry-
bulb and 50% RH lines; (2) proceed hori-
zontally to the instep line; and (3) read 58 °F
dewpoint temperature. At 78 °F dry-bulb and
50% RH the dewpoint temperature is 58 °F.

Example 4

To calculate from the dry-bulb and wet-
bulb temperatures the grains of moisture.

Given: Dry-bulb — 78 °F and wet-bulb =

65 °F

Find: Grains of moisture

Solution: (Fig. 60, chart 4)

(1) Find the intersection of the 78 °F dry-
bulb and 65 °F wet-bulb lines; (2) proceed
horizontally along the grains of moisture line,
to the back of the shoe; and (3) stop at the
first column of numbers. This column is the
grains of moisture scale. Read 72 grains.

This example shows how to find grains of
moisture by using dry-bulb and wet-bulb tem-
peratures. Grains of moisture can also be
found on the psychrometric chart by using
other combinations of psychrometric proper-
ties. These combinations are listed below.
Stmply find the intersection of the lines listed
here and then follow across the chart to the
grains of moistare scale: dry-bulb tempera-
ture and relative humidity; dry-bulb tempera-
ture and dewpoint; wet-bulb temperature and
relative humidity; or wet-bulb temperature
and dewpoint,

Grains of Moisture Per Pound of Dry
Air or Per Cubic Foot of Air

Notice (Fig. 61) the words “grains of mois-
ture per pound of dry air.” This means that
at 78 °F dry-bulb and 65 °F wet-bulb tem-
perature, the air holds 72 grains of moisture
per pound. Moisture can be measured per
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pound of air or per cubic foot of air. To find
the moisture in a cubic foot of air, using the
same conditions (78 °F dry-bulb and 65 °F
wet-bulb) proceed as follows (Fig. 60, chart
5): (1) find the intersection of the 78 °F dry-
bulb and 65 °F wet-buib temperature lines;
{2) proceed horizontally along the grains of
moisture line to the grains of moisture scale;
(3) read 72 grains; (4) find the cubic foot
scale along the sole of the shoe. The cubic foot
lines extend diagonally from the sole of the
shoe to the instep; (§) again locate the inter-
section of the 78 °F dry-bulb and 65 °F wet-
bulb lines; (6) draw a line parallel to the
cubic foot line, from the intersection located
in Item 5, to the sole of the shoe. The line
crosses the sole at a point that is over halfway
between 13.5 and 14 on the cubic foot scale,
say 13.8 ft8; (7) divide 72 grains by 13.8 ft3;
and (8) moisture in air equals 72 =~ 13.8 =35
grains/ {t3, approximately. Therefore, at 78 °F
dry-bulb and 65 °F wet-bulb temperature, the
moisture in the air can be read as 72 grains/1Ib,
or 5 grains/ ft3.

The psychrometric chart simplifies the
measurement of air properties. If the vaiue of
any two of the psychrometric terms is known,
the value of any other term can be found on
the psychrometric chart; therefore, its use is
very important for an understanding of the
processes involved in grain drying and storage.
— James M. BEcK. Department of Agricul-
tural Engineering, College of Agriculture, Uni-
versity of the Philippines at Los Baifios, Col-
lege, Laguna, Philippines.

Moisture

The moisture content of grain is one of the
most important indices for determining
whether the grain should be harvested, is dry
enough for safe storage, or can be mitled with
maximum recovery. Therefore, it is essential
to understand the common methods of repre-
senting moisture, and be able to determine
moisture content accurately.
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Moisture Content Representation

Wet Basis

The rice industry expresses moisture con-
tent { MC) as a percentage of the total weight.
Algebraically it is expressed as:

Wm

% MC,,, = X 100

t

Wy
= e X100
Wm - de
where: wb = wet basis; W,, = weight of mois-
ture (H,O) in the grain; W = total weight
of the grain; and Wy, = weight of dry matter
in the grain.

In the wet basis of expressing moisture
content, it is incorrect to state that one has
removed 7% of 100 kg or 7 kg of water from
100 kg of grain if the moisture content of 100
kg of grain is lowered from 20 to 13%. This is
because the denominator of the equation
changes in relation to the amount of moisture
removed. For example, at 20% MC, 100 kg
of wet grain contains 20 kg (0.20 X 100) of
water and 80 kg of dry matter. If the same
amount (100 kg of wet grain) is dried to
13% MC, the resulting weight of moisture is
calculated using the following equation:

W

W + 80
~(0.13)(80)

m

0.13 =

0.87
= 11.96 kg

Therefore, the amount of water removed from
the 100 kg of wet grain when it is dried from
20 to 13% is 8.04 kg (20.00-11.96).

Because it is necessary to reduce the mois-
ture content of the grain to 13% for safe
storage, Table 19 has been prepared to facili-
tate the computation of moisture load. It gives
the moisture load in pounds or kilograms of
water per pound or kilogram of the wet grain
at different moisture contents. For example,
at an initial moisture content of 20%, the
moisture load is 0.0804 kg/kg of grain. There-
fore, drying 100 kg of wet grain to 13% mois-
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ture requires evaporation of 0.0804 x 100, or
8.04 kg of water.

Dry Basis

Representing moisture on a dry basis rather
than on a wet basis is more convenient. In the
dry basis method, the moisture is expressed
as a percentage of the bone-dry weight of the
grain. Algebraically this is expressed as:

ni

% MCgy, = X 100

dm

This method is usually used in expressing
moisture of soils and other inert matter. The
dry basis of representing moisture is some-
times encountered in literature on cereals, and
one must be able to convert the dry basis
values to a wet basis. For convenience in con-
verting one value to another, Table 20 may be
used.

The Importance of Moisture Content
Determination

Experienced rice dealers can qualitatively
determine whether paddy is wet or dry enough
for milling by cracking the grain with their
teeth. More accurate methods, however, must
be used to determine moisture content for seed
certification and safe storage. Accurate de-

TasLe 19, Moisture load in drying grain to 13%
moisture content on a wet basis.

Initial moisture content b water/Ib of wet grain

{wet basis) (kg water/kg grain)
25 0.1380
24 0.1265
23 0.1150
22 0.1035
21 0.0920
20 0.0804
19 0.0690
18 0.0575
17 0.0460
16 00145
i5 0.0230
i4 0.0115
13 0.0000
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TasLe 20. Table for conversion of percentage
moisture on a wet basis to percentage
moisture on a dry basis.

9% moisture content % moisture content

{wet basis) {dry basis)
10 11.0
1 12.3
12 13.6
13 15.0
14 16.3
15 17.6
16 19.0
17 20.5
18 219
19 23.5
20 250
21 26.5
22 28.2
23 299
24 31.6
25 333
26 351
27 370
28 389
29 40.8
30 42.8

TasBLE 21. Variation in the weight of a bag of paddy
at different moisture contents.

-]

Wet weight of one cavan
of paddy required to pro-

Initial moisture content duce a 44-kg bag

(%, wet basis) at 1457 moisture
25 50.5
24 49.9
23 493
22 48.5
21 48.0
20 47.4
19 46.9
18 46,2
17 457
16 45.1
15 44.6
14 44.0
13 4.6
12 43.1
11 427
10 421
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termination of moisture content is also abso-
lutely necessary for individuals and corpora-
tions that purchase, store, or mill thousands of
tonnes of paddy. There is about a 0.5 kg
change in weight of a 44 kg bag of paddy for
every 1% change in moisture content. For
instance, if 1000 bags of paddy stored at 16%
moisture dry to 15% moisture, there is a loss
of 500 kg or 11 bapgs by weight, Table 21
dramatically shows the variations in the weight
per bag of paddy at different moisture con-
tents.

Methods of Determining Moisture Content

Numerous methods for the quantitative de-
termination of moisture are available. The
choice of the method to use for a specific pro-
duct depends upon several factors: (1) the
form in which water is present; {(2) the nature
of the product analyzed (whether casily oxi-
dized or decomposed); {(3) the relative
amount of water present in the product; (4)
the rapidity of the determination; (5) the
accuracy desired; and (6) the cost of the
equipment required.

Grain moisture can be determined either
by primary (direct) or secondary (indirect)
methods., The primary method is used by re-
searchers to obtain highly accurate moisture
measurements. The values obtained with this
method are used to calibrate all the secondary
type of moisture-measuring devices. The steps
used in the primary method are too cumber-
some and time consuming for use in the field
or warehouse; therefore, secondary methods,
which are much faster and usually depend on
the electrical properties of the grain, are used
in these cases.

The different forms of water (absorbed,
colloidally bound, mechanically accluded, and
water of crystallization) vary in the tenacity
with which they are held in various products.
For this reason, depending upon the forms
of water present, the various moisture methods
determine more or less the “moisture” in the
product. This has necessitated the adoption
of standard or official methods for most agri-
cultural and biological products. Whenever
possible, these standards should be used If
accurate results are desired. If only compara-
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tive results are needed, moisture methods other
than the standard ones are satisfactory,

Moisture methods that involve oven drying
require .a sensitive analytical balance and a
thermostatically controlled electrically heated
vacuum or drying oven. Electrical methods
involve more or less complicated and ex-
pensive electrical equipment. Distillation
methods require the least expensive apparatus
of all because only a balance of low sensitivity
and a distillation setup are necessary. Methods
based on an interaction of a chemical and
water also require relatively inexpensive
equipment.

Moisture determinations are empirical
methods because the various moisture methods
determine more or less the water present in
the product. In other words, the conditions of
the method govern to some extent the amount
of moisture obtained. Thus it is necessary to
specify the method used along with the mois-
ture percentage, for example 13.5% moisture
determined in a vacuum oven at 135 °C,

Primary or Direct Metheds
Vacuum-Oven Method

A representative sample of the bulk (2-3 g)
is ground and then dried in a vacuum oven
(25 mm vacuum) for 72-96 h at 100 °C, and
the drop in the weight of the grain is measured
based on its initial weight.

Air-Oven Method

(1) One stage — This method is used for
grain with a moisture content less than 13%.
Grind duplicate 2- to 3-g samples and heat
them at 130 °C for 1 h. Place the samples in a
desiccator and then weigh. The samples should
check to within 0.1% moisture. The Ameri-
can Official Association of Chemists requires
drying at 135 °C for 2 h, giving slightly higher
moisture content values. ‘

(2) Two stage —— This method is used for
grain with a moisture content greater than
13% . Remove moisture from the grain sample
(25-30 g) until the moisture drops to less
than 13%. This usually takes 14-16 h of dry-
ing. Then continue as in the one stage method.

Water-Oven or Air-Oven Method

Place duplicate grain samples {25--30 g) in
an oven heated to 100 °C. Dry for 72-96 h
and then place in a desiccator and weigh. The
samples should check to within 0.1% mois-
ture.

Brown-Duvel Fractional Distillation
Method

The results of the Brown-Duvel metre (Fig.
62) are considered official. The metre de-
termines moisture by -fractional distillation.
The whole-grain sample (100 g) is heated to
a temperature considerably above the boiling
point of water in 150 ml of mineral oil. For
unmilied rice the sample should be heated to
190 °C; for brown rice to 190 °C, with a
2-inch diameter by 0.25-inch thick glass-wool
pad in the bottom of the flask; for milled rice
(first and second head) to 200 °C using the
glass-wool pad; and for rice screenings and
brewers rice the sample should be heated in
a special double-walled flask with 150 ml of
oil between the walls of the flask and 150 ml
inside the flask. The oil inside the flask should
reach 200 °C in 26 min.

The vaporized moisture is condensed and
measured in a graduate cylinder. The amount
of moisture collected (in millilitres) is also

H Thermometer

Glass tubing

H20 bath _‘"_

. A% 150 m| mineral oif ok, B3
2 100 g grain * i,
\Oﬂhaat source 1
Graduated
cylinder
]

Fic. 62. Brown-Duvel fractional distillation method,
used to directly determine the percentage
moisture content of grain.
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the percentage moisture content on a wet
basis. The method takes about 30 min, and
the results can be reproduced accurately when
the time of heating is properly adjusted.

A comparjson of the water-oven method
with the Brown-Duveli method using 28
samples gave the following results: (1)
Brown-Duvel 17.40%; (2) water-oven
17.26%: (3) a difference of 0.14%. This is
valid for moisture levels between 11.54 and
27.05%. The lower reading obtained with the
water-oven is expected because starchy grains
dried in the oven give levels of free water
slightly below the true value. Water-oven dry-
ing took 96120 h (136 h for hard kernels).
Using whole kernels the average moisture
content in another Brown-Duvel test was

A
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20.13%, using ground kernels it was 20.05%.
This relationship between test results for whole
and ground kernels is true for moisture con-
tents from 12.71 to 36.68%. A variation of
1-1.5% for samples from the same bulk at the
same time is expected because of nonuni-
formity of the kernels.

Secondary or Indirect Methods
Electrical Resistance Method

This method is based on the principle that
the electrical resistance or conductivity of a
material depends upon its moisture content.
The Universal Moisture Meter, with a self-
contained power supply, measures the elec-

I
|
Log I R
R ! R
I
I
|
| |
1
! 1
11% 16% MC Temperature Density
C C c
% MC Temperature Density

Fic. 63. Indirect methods of determining percentage moisture content by measuring changes in the electric
properties of the grain: (A) resistance method; (B) dielectric method.
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trical resistance of the grain at a given com-
paction, which varies with temperature, mois-
ture, degree of compaction, and cleanliness of
the grain (¥Fig. 63A). The readout device
gives the moisture content on a wet basis.

Dielectric Method

The dielectric properties of grain are also
dependent on moisture content. In the Steinlite
Moisture Meter the grain is placed between
two capacitor plates and the measured capaci-
tance varies according to the amount of grain
moisture, the degree of compaction, and the
temperature (Fig. 63B).

The bridge or tuned circuits, which com-
prise the circuitry of these metres, can be serv-
iced by competent electronic technicians.
However, local dealers must carry an in-
ventory of spare parts. It may be necessary to
calibrate the electronic moisture metres for
each type of rice grain or to each of the recom-
mended varieties because the electrical proper-
ties of grain differ in different varieties.

Chemical Method

Water is removed from the sample by the
addition of chemicals that either decompose
or combine with the water. Calibration curves
are established for the quantity of gas pro-
duced or the decrease in the weight of the
sample due to the chemical reaction, and they
are used to calculate the amount of water
originally in the sample. The chemical reaction
for one method is:

Calcium carbide 4 water —
Calcium hydroxide + acetylene
CaC, + 2H,0 —» Ca(OH), 4+ C;H,

Hygrometric Method

The sample of the grain is placed in a scaled
container and allowed to equilibrate with the
air in the container, which has a known rela-
tive humidity and temperature. The relative
humidity of the air when it is in equilibrium
with the sample gives a measure of the initial
moisture content of the sample. — D. B. pE
Pabua. Departinent of Agricultural Engineer-
ing, College of Agriculture, University of the
Philippines at Los Bafios, College, Laguna,
Philippines.

Principles
and
Systems

Threshed rice with hull (palea and lemma)
is calied palay, rough rice, or paddy. Rice
grain dehulled by milling is termed milled rice.
Paddy storage requires special precautions
because it is not an inert product, but a living,
respiring biological product, Unfortunately,
this very important property of paddy is often
unknowingly overlooked in the design and
operation of grain drying and storage systems.
The respiration process in the grain is ex-
ternally manifested by decreases in dry weight,
utilization of oxygen, evolution of carbon
dioxide and moisture, and release of emergy
in the form of heat. The respiration rate is
influenced by the degree of dehydration of
the tissue (Fig. 64). Thus, one method of pre-
serving or suppressing the biological deteri-
oration of paddy is to reduce grain moisture
by drying. At low moisture content (13-
14% ), the grain is relatively dormant and can
be stored for long periods under proper
conditions,

In traditional rice production, when yields
averaged 30—40 cavans/ha, the old methods
of harvesting, threshing, sun drying, and sack
storage of grain were adequate for Philippine
farmers. However, the picture changed with
the introduction of the new high-yielding va-
rieties and an aggressive irrigation program
that led to extraordinary increases in yield. To-
dey's farmers may have to use grain driers
to enable them to dry their greater production.

Optimum Moisture Content for
Storage and Milling

In the Philippines, the moisture content of
newly harvested rice usually ranges from 20
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Intensity of respiration
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Grain moisture content {%)

FiG. 64. Intensity of respiration of paddy grain in
relation to its moisture content (at 37.8 °C).
(AY C. H. Bailey and Cuyon; and (B)
C. H. Bailey.

to 26%. These grains are too wet for milling
and storage. The optimum content of 14% is
considered the threshold value for safe stor-
age. For prolonged storage of over 6 months
grain moisture should be reduced to 13%.

Researchers estimate that about 10% of the
crop is lost if the grains are left in the field to
dry down to 14-16% before they are har-
vested. Thus, farmers may lose a considerable
portion of their produce unless they use more
efficient postharvest practices. Other advan-
tages of the use of grain driers are: (1) the
drying operation can be controlled more
accurately, and thus, the moisture content of
the grain can be reduced more closely to the
levels necessary for milling with maximum
head rice recovery and effective preservation
of seed viability; (2) drying can be done in
fou! or fair weather; and (3) farmers can plan
the haivest season for more efficient use of
available labour.

The Hygroscopic Nature of Grain

Crop grains are hygroscopic in nature, This
means that grains become wet or dry depend-
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ing on the temperature and relative humidity
of the surrounding air. If the vapour pressure
of the moisture within the grain is higher than
that of the moisture in the atmosphere, the
grain will lose its moisture to the surrounding
air, In effect, then, the grain undergoes a
drying process. Conversely, if the grain is dry
and the surrounding atmosphere is wet or
humid, the reverse process will occur and the
grain will gain or absorb moisture.

Relative Humidity and the Drying Process

The actual vapour pressure of the air rela-
tive to saturation is called relative humidity
(RH). Relative humidity is expressed as a
percentage. In the common convection pro-
cess of drying, ihe air must have a relative
humidity low enough to absorb moisture from
the grain,

A simple method of lowering the relative
humidity of the air is heating. Increasing the
temperature of air by 11 C°® will reduce the
relative humidity to half its original value.
For example, if air with a temperature of
29 °C and a relative humidity of 90% is
heated to 41 °C, the relative humidity will
drop to 45%. Air with 45% RH and 41 °C
temperature stabilizes moisture content of
paddy at about 8%. This means that when
paddy with & moisture content higher than 8%
comes in contact with air heated to 41 °C,
the paddy will lose some of its moisture or
will dry until its moisture content is 8%.
When in contact with the wet grain, the heated
air raises the temperature of the grain and
increases the vapour pressure of the moisture
within the grain. The heating hastens the trans-
fer of moisture from the grain to the heated
air.

The drying rate is, therefore, influenced by
the following factors: (1) the temperature of
the drying air; (2) the relative humidity of
the drying air; (3) the availability of moisture
at the surface of the grain where it can be
evaporated; and (4) the velocity of the air
moving through the grain mass.

A convection drying system is composed
of: (1) a method of heating the drying air;
{2) a blower to force the heated air through
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the grain mass; (3) a device to hold the grain
being dried; (4) a system for loading, moving,
and unloading the grain on the holding device;
(5) a central system for programming the
drying process for the prevention of damage to
the quality of the grain; and (6) a safety con-
trol network.

Heating the Drying Air
Theory of Combustion

The combustible matter in the various heat-
ing fuels is composed of carbon, hydrogen,
and sulfur, Combustion is the chemical com-
binations of the fuel elemenis with oxygen.
The equations for combustion are:

C+0,—» CO,
2C + O, = 2CO (partial combustion)
2H, + O0; = 2H,0
540, 50,

The weight of oxygen required for complete

combustion is:

Wo=2.67C+8(H—%)+S
where: W, = weight of oxygen (lb/lb of
fuel}.

Values of C, O, H, and S are obtained
directly from the ultimate analysis for solid
and liquid fuels; however, for gaseous fuels a
conversion from the volumetric analysis is
required,

Because O, is rarely supplied in a pure
state, but is generally supplied as a constituent
of air, it is necessary to include the nitrogen
weight to obtain the total products of com-
bustion.

Wy =1L5C+ 34.S(H —%) +4.328

where: W, = weight of air (1b/1b of fuel).
In actual practice, an excess amount of air
greater than W, is required.

(WA - Wa)

8

where: W, = actual amount of air supplied
per pound of fuel,
The volume of air corresponding to W, or

Excess air {percentage) = x 100
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W, for any air temperature and pressure is
found by the gas equation:

_ (W, or W,)(53.3) (T, — 460)
144 P,

where: ¥ = air volume (ft®); T, = tempera-
ture (°F); and P, = air pressure (psi, abso-
lute).

In the case of paseous fuel, the weight or
volume of air is expressed in terms of cubic
feet rather than pounds. The previous equa-
tions have been developed on the basis of 1 1b
of fuel (gas, liquid, or solid) for which the
density of the fuel-gas mixture is needed, If
not know, it can be obtained from the molar
relations by:

D — MW
359(14.7/ P) (T, + 460) /492

| 4

where: D, = density of fuel-gas mixture (Ib/
ft3); P, == gas pressure (psi, absolute); T, =
gas temperature (°F); and MW = molecular
weight of gas mixture.

The combustion process does not go to com-
pletion at high temperatures. Even while the
combustion reactions are proceeding, the re-
sultant products dissociate to a certain degree
into other components. Thus, the equilibrium
equation,

CO + 40, = CO,

shows that the reaction may proceed in both
directions at the same time. At a given con-
dition of temperature and pressure, an equili-
brium among the gases is reached so that the
amounts of CO, O,, and CO, present will
remain constant. The extent of dissociatior. of
the CO, will give an indication of the degree
of completeness of the combustion. Just as
heat is released in the exothermic process of
forming the CO., much of the heat is absorbed
when the CO, is broken down into CO and
O.. Thus the dissociation reactions of com-
bustion products are endothermic, and the
theoretical combustion temperature can never
be attained if dissociation exists.

Heaters

Heaters are divided into two types based
upon the method of heat transfer: (1) direct;



® -®
Heate;l—g — -
Cold
d— (|5
D e
| == —
-———
Burner
—_— .._.Fuel
@ ®

121
@ o~ Stack ®
i ‘_I .
[ —
R
Cold Hot
—
Burner —
i
Fuel l * =
® -©®

F1G. 65. A. Direct burner in which the products of combustion are mixed with the dryirg air. B. Indirect
burner that uses a heat-exchanger surface to ensure that soot does not get iuto the drying air,

and (2) indirect. In a direct heater the prod-
ucts of combustion are forced through the
product with the drying air (Fig. 65A). The
direct heater is less expensive and makes more
efficient use of the energy of the fuel; how-
ever, there is a greater possibility that the
grain may be damaged by smoke. In the in-
direct heater a heat transfer surface is heated
and the air that is used for drying is circulated
around the outside of the heat transfer surface
and then through the product (Fig. 65B). The
products of combustion are removed and not
permitted to mix with the drying air.

Types of Burners

There are three kinds of burners used in
grain driers: (1) gas; (2) oil; and (3) solid fuel.

Gas Burner

Gas burners operate on the principle that a
part or all of the air for combustion must mix
with the gas before ignition, A burner is high
pressure if the gas is at 350-2800 kg/m® (0.5—
40 psi) pressure. Atmospheric burners that use
gas at pressures of 5-30 cm (2-12 inches) of
water are more popular because of their sim-
plicity. The principle is the same as that of a
Bunsen burner. Figure 66 shows a typical at-
mospheric burner. Gas is a very convenient
fuel to use, complete combustion is easily at-
tainable, and it does not emit objectionable

odours. However, in general, gas burners are
more expensive to operate.

Oil Burners

There are many types of oil burners that
can be used to heat drying air. The burners
for industrial oils No. 1 and 2 are provided
with either a positive gear pump or a pressure
tank containing the fuel. The tank is con-
nected to an air compressor to force the fuel
through an atomizing nozzle at pressures from
2800 to 7000 kg/m? (40 to 100 psi). The pri-
mary air for combustion is provided by the
draft of the main blower or by a built-in auxil-
iary blower. For more complete combustion,
some means of controlling the secondary air
is sometimes provided. Gravity flow or vapour-
izing-pot type burners are suited for kerosene
or any liquid fuel with an end point not over
316 °C (600 °F). This type of burner is used
on many of the driers employed in the Philip-
pines because it is simple and reasonably cheap
(Fig. 67). The liquid is metered to the pot by an
adjustable needle valve. As the fuel flows out
over the bottom of the pot, it is evaporated
by radiant energy received from the combus-
tion chamber walls and the flame. The vapours
rise in the pot and mix with primary air flow-
ing through the holes in the bottom of the
pot. When the burner is operating normally,
the fuel-air mixture near the bottom of the pot
is too rich to support combustion, The flame
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F16. 66. A typical atmospheric gas burner showing the main parts.
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0.9 m line (0.6 cm ¢ copper)

FiG. 67. Section details of kerosene pot burner showing fuel control.

rises to a position above the rim, and at this
point enough air is mixed with the vapours
to give a good burning mixture.

Burners for heavier oil must use a heat-
exchanger surface because the oils produce a
lot of soot. Roughly, the heat transfer effi-
ciency is directly proportional to the size of the
heat exchange surface. Because of limitations
in physical size, heat exchangers sold on the
market have a heat utilization efficiency of
about 40%. This low efficiency reduces the
advantage derived from the low cost of fuel
oils.

Solid Fuel Burners

Burners have been designed to burn rice

hull, which is a waste product from milling.
Rice hult liberates about 3500 kg-cal/kg (6274
Btu/lb) when burned. About 20 kg of hulls
would be enough to dry 1t of paddy from 20
to [4% moisture content. About 100 kg of
paddy would yield 20 kg of hulls. However,
temperature control is critical in grain drying,
and controlling temperatures in furnaces that
use raw fuel is difficult without the use of
steam boilers.

Qther Possible Heat Sources

Other possibilities worthy of investigation
are the harnessing of heat from hot springs
and the utilization of engine heat, inciuding
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FiG. 68. Air pressure requirements to achieve a desired flow of air through different depths of clean rough
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exhaust gases of gasoline and diesel engines.
Where hot springs may be tapped, the design
of the heat exchanger coils is straightforward
and should not be a problem. Engine heat and
heat from the exhaust gases may be utilized
to drive the main blower. Calculations indicate
that the energy available from engine heat
and exhaust gases is not enough for multipass
thin-layer drying; however, it can serve as
supplemental heat to reduce the cost of drying.
It takes about 8800 g-cal/min (35 Btu/min) to
heat an airflow of 28 m3/min (1000 ft3/min)
from 30 to 40 °C (85 to 105 °F) at 0% RH.

Blowing the Heated Air

In the drier, the grain pack is dense; there-
fore, pressure is required to force the drying
air through the grain. Pressure requirements
are proportional to the desired airflow rate
and the thickness of the grain pack. The pres-

sures in grain drying systems are relatively
low and are measured as the number of centi-
metres or inches of a water column that the
pressure can support. A grain bed 30 cm (1 ff)
deep that needs an airflow rate of 6.5 m3/min
per square metre (20 ft3/min per square foot)
of bed requires a pressure of 1.3cm (0.5
inches) of water (Fig. 68). In computing the
total pressure requirement, the pressure losses
in the manifolds in the entrance to the pressure
chamber and in the blower itself must be taken
into account. To make allowance for pressure
losses, specifications for blower capacity
should be increased by 100%. Ordinary room
fans cannot be adopted for grain drying pur-
poses because they are designed merely to
move large volumes of air at zero static pres-
sure; therefore, special fans must be used.
Fans may be placed into one of two general
classes: those that operate by centrifugal force,
or radial flow, where the flow is perpendicular
to the axis of rotation; and those that operate
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Fig, 69. Different types of fans. A. Centrifugal-type fans illustrating forward-curved, radial, and backward-
curved designs, B. Axial-flow fans illustrating propeller type, tubeaxial type, and vaneaxial type.

by axial flow where the flow is paratlel to the
axis of rotation of the fan blade.

Centrifugal Fans

Centrifugal fans consist of a wheel that is
rotated in a spiral housing (Fig. 69A). The
three basic types are: (1) forward curved fans,
which have 24-64 blades inclined in the
direction of wheel rotation; (2} radial blade
fans, which have 4-24 blades that are radial
elemenis of the wheel; and (3) backward blade
fans, which have 8-16 blades inclined away

from the direction of rotation. These blowers
are capable of developing the high pressures
required to drive the drying air through the
grain mass. The backward curve blowers are
preferred because they have more stable oper-
ating characteristics, i.e. the power require-
ment does not tend to overioad the drier should
there be a change in the load or the bin is
emptied. Forward curve blowers may burn out
unprotected electric motors,

Axial Flow Fans

There are three distinct types of axial flow




DRYING

fans (Fig. 69B): (1) propeller fans, which have
two or more blades mounted on a hub and
set at a pitch of about 15 degrees; (2) vane-
axial fans, which have large hubs and short

blades, are mounted in a cylinder, and have .

stationary straight vanes to prevent rotation
or swirling of the air; and (3) tubeaxial fans,
which are similar to the vaneaxial fans except
that they do not have guide vanes,

Propeller fans with multiple blades are used
in driers operating at low pressures. Normally
pressures of vp to 1.9cm (0.75 inches) of
water can be developed with these fans and
they are used in small portable drying systems.

Grain-HoIding Bins

Grain-holding bins may be designed for
either batch-type drying or continuous-flow

drying.
Batch Type
Deep-Bed Drying

Deep-bed drying is usually employed in on-
the-farm drying, in which case the bin doubles
as a storage unit (Fig. 70). The air-distribution
system is usually a false floor covered with
a screen mesh. Airflow rates per cubic foot of
grain are low and are based on the minimum
values required to prevent spoilage of the grain
in the grain holder. The airflow rates are based
on minimum requirements because a large
amount of power is required to develop the
high pressures necessary to force a large
volume of drying air through the grain.

The biggest difficulty in deep-bed drying is
that the botiom layers may be over-dried. To
minimize this difficuity, drying air with a low
temperature must be used. The layer of grain,
where the drying air enters, dries down ap-
proximately to the equilibrium moisture con-
tent corresponding to the temperature and
relative humidity of the drying air. A drying
front, which moves in the direction of the
- airflow, is thus established, It is desirable that
the drying front moves quickly enough to
reach the top layer before moulding occurs.
The rate of movement of the drying front is
controlled by the velocity of the drying air,
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FiG. 70. Beep-bed drier.

|
Thin-Layer Drying

The thin-layer batch-type drier is similar to
the deep-bed drier except that the surface area
of the drier is increased and the depth of the
drying layer of rice is decreased (Fig. 71). The
main advantages of this drier are: (1) the whole
batch is dried sooner so there is less chance
of spoilage due to moulding; (2) there is less
likelihood of over-drying of the grain; and (3)
a lower air pressure is required to force the
drying air through the rice.

Continuons-Flow Type

These driers are columnar in design. The
rice flows by gravity from the top to the bot-
tom of the drier, where it is discharged. The
rate of discharge is controlled by metering
rollers or oscillating rockers. If the rice flows
in a straight path the drier is called a non-
mixing type; if the path of the rice is diverted
the drier is called a mixing type.
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Fic. 71. Flat-bed drier.

.

Nonmixing Type

Two types of nonmixing driers are shown
in Fig. 72 and 73. These driers are simple in
design, and the drying takes place between two
parallel screens that are usually 0.15-0.23 m
apart. Since the grain cannot be blown out,
comparatively high air velocities can be used.
Because the grain flows straight down the
column, the layer of rice closest to the input
screen is dried by hotter and drier air than the
layer of rice next to the exhaust screen. In this
--respectit.is like thin-layer batch-type drying
with the thickness of the layer equal to the
separation between the screens. However, in
this case mixing does occu: when the rice is
discharged and conveyed to the tempering and
storage bins.

Mixing Type

Baffle Type. This drier is similar in design
to the nonmixing-type columnar drier except
that it is equipped with sheet metal baffles,
which create turbulence and mixing (Fig. 74).

LSU Type. The Louisiana State University
drier consists of a vertical compartment in
which there are rows of air channels (Fig.
75). The air channels are shaped like an in-
verted “V.” One end of each channel is open
and the other end is closed. The rows alternate
between hot air intakes and exhaust air out-
lets, and the alternate rows are staggered to
provide mixing action,

In mixing-type driers, chaff and other light
materials are blown out with the exhaust air,
which improves the quality of the rice; how-
ever, if the air pressure becomes excessive

- whole kernels will also be removed. As the
: rice descends in the drier it is mixed so that

| individual grains are not exposed to only the
| hottest air, but rather a combination of both
) - - .y

| hotter and cooler air. Because of this, mixing-

i type driers generally use higher air tempera-

Wet paddy

Exhaust

air

Metering
rofler

Centrifugal

blower
Air intake Discharge

Fig. 72. Noamixing-type columnar drier,
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Fic. 73, Nonmixing-type columnar drier.

tures and lower air velocities than nonmixing
driers,

Multipass Drying

In continuous-flow driers a multipass pro-
cedure is used to avoid excessive drying stress
(Fig. 77). During each pass, the rice is ex-
posed to the heated air for only a short time
{15-30 min) and only about 2-3% of the

Fig. 74. Mixing-type columnar drier with baffles.

moisture conten* on a dry weight basis is re-
moved. Between drying passes the rice is
moved from the drier to a tempering bin
where the moisture content within the grain
is equalized. The tempering period usually
lasts from 4 to 24 h, and during this time the
moisture in the grain'slowly moves to the sur-
face. The reduction in the moisture content
of rice as a result of multipass drying is shown
in Fig. 76. Notice that the moisture content
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FiG. 75. Pattern of air and rice flow in LSU-type
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Fi. 76.
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Reduction in moisture content over time:

{A) continuous drying; (B) multipass

drier. drying with three passes.
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A B To bulk
| ] c storage bins
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Wet
paddy
\L.._..
‘ Conveyor

Fig. 77. Direction of flow and equipment required for multipass mechanical grain drying system.
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is reduced to a lower level in a much shorter
time. The multipass procedure is more efficient
because the drier is used only when the kernel
surfaces are relatively moist, as & result of
tempering.

Figures 78 and 79 show the effects of drying
temperature and the number of passes on head
rice yield. Head rice vield increases with both
an increase in the number of passes and a de-
crease in the temperature of the drying air.
The best drying conditions, therefore, com-
bine a relatively low drying temperature with a
large number of drying passes.

Handling of Rice

Handling operations include weighing,
sampling, dumping, and conveying. These
operations are covered in other parts of this
manual.

System of Programming

Proper management of the drying system re-
quires: (1) drying in separate bins designed
for drying with hot air; {2} preventing over-
drying of part of the product, by using low
drying temperatures and as thin layers as pos-
sible in a batch system or by regulating the
rate of flow and number of passes in a continu-
ous-flow system, to prevent cracking of the
grain; (3) determining when the product is
dry by using a2 moisture metre or measuring
the time required to dry the grain; (4) cooling
and tempering the grain after drying; (5) pre-
venting condensation from accumulating on

66
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F1G. 78. Relationship between drying temperature
and head rice yield.
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Fic. 79. Relationship between number of passes in
drier and head rice yield.

the top layer of grain by providing adequate
aeration; and (6) preventing mechanical dam-
age to the product,

Safety
Burner

Buarners designed for safe operation should
include: (1) a flame control to turn off the
fuel supply in case of ignition failure; (2) a
high temperature limit switch that will stop the
burner but allow the fan to run; (3) a tempera-
ture control to prevent overheating the heater;
and (4) proper electrical wiring connecting
the fan and burner to the electrical circuit.
All confrol systems should be designed to fail
“safe.”

Installation

A properly designed heater can be used in
an unsafe fashion. Safety features of the in-
stallation should include: (1) locating the
fuel tank and pipes a safe distance from the
burner flame; (2} protecting the fuel line from
mechanical damage; (3) locating fuel tanks at
least 5 m from all buildings; (4) refueling only
when the drying unit is not operating or re-
fueling a safe distance away from the drier;
(5) separaiing the drying and storage facili-
ties; (6) keeping batch driers at least 5m
from all buildings; and (7) connecting the
burner to the drier by a duct made of flame-
proofed canvas or other noncombustible
material, — D, B. DE Pabua. Department of
Agricultural Engineering, College of Agricul-
ture, University of the Philippines at Los
Barios, College, Laguna, Philippines.
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Constraints

Biological Considerations

Atmosphere and Water Relationships

The lower atmosphere of much of Southeast
Asia is warm and moist with an average
temperature of about 30 °C (85 °F) and an
averape relative humidity (RH) of 85%. This
warm, moist atmosphere is of course subjected
to intermittent solar radiation that alters its
relative humidity. In certain areas, however,
there is a distinct dry season with higher tem-
peratures and lower average relative humidity.

The fundamental measure of air humidity
is absolute moisture content, generally ex-
pressed as grams of water vapour per cubic
metre of air. The water-holding capacity of
air increases as the temperature increases.
Figure 80 shows that at 10 °C (50 °F) air
can accommodate about 10g of water per
cubic metre. If a saturated mass of air is
heated from 10 to 38 °C {50 to 100 °F) it has
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a total moisture absorption capacity of 45
g/m3, In other words, the air contains 10/45
(22%) of the amount of water that it can hold
at the saturation point, or its relative humidity
is 22%,

In an atmosphere at 38 °C (100 °F) and
22% relative humidity, there is a strong tend-
ency for the air to absorb water; this makes
the moisture unavailable for absorption by
anything else that is present in the at-
mosphere. If the same atmosphere (still with
10 g of water per cubic metre) is cooled to
32 °C (90 °F), its relative humidity is 10/30
or 33%,. Its tendency to absorb water is re-
duced and, therefore, the availability of water
to substances or organisms is increased,

Figure 8} indicates the decrease in relative
humidity, in an atmosphere of unchanging
absolute water content, when the temperature
is raised. Any organism living in the atmos-
phere, as it is heated, will experience increas-
ing difficulty in acquiring water because of the
increased tendency of the atmosphere to ab-
sorb moisture.

The Moisture Requirements of Microbial
Saprophytes

The fungi (moulds) and bacieria that cause
the spoilage of food are very exacting in their
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moisture requirements. The moulds, both
Phycomycetes and Ascomycetes, generally
have a lower limit of about 75% relative
humidity for normal vegetative and sexual
development. However, certain moulds, like
the Aspergillus spp., may develop slowly at
10-75% relative humidity. The bacteria of
food epoilage generally require a relative hu-
midity of at least 90% for normal develop-
ment.

Moulds and bacterial spores, where they
occur, are resistant to much lower levels of
refative humidity, In many moulds and certain
bacteria, the vegetative bodies may also be
resistant to desiccation. Therefore, if the at-
mospheric relative humidity is at a suitable
level for mould development, it may be neces-
sary not only to suppress moulds but to elim-
inate them. For instance, if a packed food
containing resistant spores or mycelium is
opened, but not entirely consumed, the re-
mainder may quickly become contaminated.

The temperature requirements of micro-
bial saprophytes may exceed the range of 10-
38 °C (50-100 °F), but at no point in this
range will they develop if the relative humidity
is unsuitable. At the optimum temperature,
witieh 23 about 27 °C (80 °F), development
5 nost rapid it the relative kuraidity i wuiie
able. in most of Borvtie s Aste 6 fe romessary
to comtund with i faus hat the rorand wm-
perature 7onge ing! deg the eptlimesn. S
microbial saprophyies.

Relative Humidity and Moisture Content
Equilibria in Foodstuifs

Most foodstuils, and many other things such
as salt solutions, characteristically lose or gain
moisture passively until they are in equilibrium
with the relative humidity of the surrounding
air. At a particular level of humidity, different
foodstuffs have different moisture content
equilibria. Figure 82 shows the moisture con-
tent — relative humidity equilibria for milted
rice, paddy, and some other products. The
practical significance of these equilibria is that,
because mould development commences at
relative humidities above 70%, it is important
to know the equilibrium moisture content at
70% relative humidity of any food that is to
be preserved by drying.
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Biology

It is generally true that insects assume the
temperature of the atmosphere around them;
the loss of heat from the body approximately
balancing the heat generated by metabolic
processes. It is also a general rule that the
metabelism of warm-blooded animals de-
creases (within limits) when the temperature
increases; whereas, the metabolism of cold-
blooded animals increases.

In insects the extra energy derived from
temperature increases is often expressed in
adults by more rapid movement and in the
developmental stages by more rapid develop-
ment. Within certain limits, the influence of
temperature on insect development f lows a
pattern similar to that in chemical reactions,
i.e, the rate increases as the temperature in-
creases. The main difference is the complete
cessation of metabolism at low and high tem-
peratures, which results in death. For each
species of insect, somewhere between its low
and high temperature limits, there is an opti-
mum temperatuie for development. Various
criteria have been presented to measure this
optimum, including: number of eggs laid; per-
centage viahility: wreadolt dociopment; and
aduit life span. From the food scientist’s point
of view, perhaps the most satisaotary eric
terion is the rate of {usvease of (he poowlating
' Ao, i rate of increos
ful ;3 a-ipating damage that may - caused
by an observed infestation, especraily when
the dumage per individual is known (Fig. 83).
Tribolium casteneum, Sitophilus oryzae, and
Lasioderma serricorne are all serious pests of
food in the Philippines.

The importance of relative humidity in in-
sect development is equal to that of tempera-
ture; the two are closely related. The retention
of water is a ubiquitous problem for small land
animals. In insects the loss of water from the
body is mostly by evaporation through the cu-
ticle and from the tracheal system. It has been
proposed that the evaporation of water from a
surface is proportional to the saturation defi-
ciency of the air. In its most simple form the
law may be expressed as: evaporation rate —
saturation vapour pressure X (100 ~ RH), at
a particular temperature. However, some

N tala fé: aES-




STORAGE

100

a0

o2}
o

~3
(=]

o
o]

Relative humidity {%)

[43]
o

40

30

——ﬁ

135
Paddy
hefied Rice
Shele Tnolished)
groundnuis
Soybeans

4 & 2 10
Percentage maisture content (weat weight basis)

12 14 16 18 20

Fes, B2 tloisture comient/relative huwmidity equilibration curves, Each curve has been compiled from
semilts of scveral workers to present a guide to the moisture content/relative humidity equilibria
values, which vary between varieties of the same species of food product. (By courtesy of Miss
P. M. Davey, Tropical Stored Products Centre, England).

necessary deviations from this rufe must result
from: (1) the increase in permeability of in-
sect cuticle with increased temperature; and
(2) the increase in water diffusion with in-
creased temperature when the saturation defi-
ciency is the same. The shortening of the de-
velopment period with increased humidity, at
suitable temperatures, has been observed for
many insect species.

Figure 84 illustrates the relationship be-
tween development period, temperature, and
humidity, Saturation deficiency increases
sharply with increased temperature, and insect
development declines rapidly towards the

thermal death point of a particular species.
Therefore, in an atmosphere of constant mois-
ture (relative humidity decreasing with tem-
perature rise), the optimum temperature for
development is about the point where the
product of development time and saturation
deficiency is the lowest {intersection of lines A
and B, Fig, 84).

In most of Southeast Asia the optimum con-
ditions for the development of moulds and
certain insect pests of food fall within the
normal ranges of atmospheric humidity and
temperature, It may be deduced that moulds
would normally be prolific throughout South-
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east Asia except perhaps in the hot, dry seasons
that occur in some countries and districts.
Figure 83 indicates that the climatic data for
Southeast Asia favour the development of
Tribolium, Lasioderma, and Sitophilus; how-
ever, development of Ptinus tectus is very
much restricted because the temperature ap-
proaches the death point of this species.

As may be expected from the climatic data,
the spoilage of foodstuffs by microscopic
moulds such as Mucor, Rhizopus, Penicillium,
and Aspergillus is very common, In certain
cases the moulds produce toxic substances,
e.g. the production of aflatoxin as a metabolite
of Aspergillus flavus, and the damage caused
to foodstuffs is much more serious than can
be calculated from the actual amount of
weight lost. Because of the proliferation of
moulds, including those producing myco-
toxins, it is important to dry and safely store
grain very soon after maturation of the crop.
This is one of the factors that will increase
the demand for mechanical drying in areas
where sun drying is not possible, Timely har-
vesting followed by drying is also very effective
in reducing the populations of insect species
that attack grain in the field before and about
the period of maturity, and that continue their
life cycles over the storage period. This is
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Duration of development and
saturation deficiency

Temperature

FiG. 84, Generalized chart to show the effect of
temperature on: (1) duration of insect
development; and (2) saturation deficiency
of atmosphere,

particularly true of the grain weevil Sitophilus
oryzae, which is tolerant of a very large range
in moisture content (about 30% down to
9% ). Also, the damage caused to mung beans
by a number of bruchid weevils, such as
Callosobruchus chinensis, can also be pre-
vented to a large extent by timely harvesting
and drying. This bruchid weevil also begins
its attack in the field and continues during
storage.

Principles Involved in the Application
of Insecticides

It is a simple matter to kill insects in food,
bui without the proper precautions many un-
desirable side effects may result. Considera-
tion of the principles involved in the control
of insects with chemicals will automatically
reduce risks and at the same time ensure the
required control. Each practical problem will
require individual consideration, and the fol-
lowing notes are simply offered as guidelines.

Residual Toxicity to Humans or Livestock

Many insecticides are toxic to humans as
well as to insects. The comparative bio-
chemical aspects of insecticidal action on
mammals and insects will be discussed later.
For the moment it may be stated that in some
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cases there is a wide diffarence in toxicity; in
other cases a dual toxicity but a different basis.
For example, pyrethrins are highly toxic for
most insects but weakly so to man; DDT is
toxic to both. The toxicity is usually expressed
as the lethal dose for 50% of the individuals
being examined (LD;g). The limits of tolerance
of insecticide residues in food are expressed
as parts per million (ppm}). Figures have been
published from time to time by various
authorities and, at the present time, the Inter-
national Standards Organization is attempting
to create a universal basis for tolerance limits.
The first consideration in the use of an insecti-
cide is to ensure that any residues are within
the levels of tolerance.

Taint

Even in the absence of residual toxicity,
there may in some cases be an off-flavour in
the food caused by the insecticide. For ex-
ample, benzene hexachloride (BHC) may
cause a taint in the flesh and the eggs of
poultry fed with treated corn, bet the amount
of BHC present may be less than the accepted
tolerance limit.

Effect of Climate on the Insecticide

Many solid insecticides, such as BHC, mela-
thion, and DDVP (2,2-dichlorovinyl dimethyl
phosphate) are volatile and, especially at
tropical temperatures, may quickly lose their
activity, Others, especially pyrethrins, are
easily broken down by strong light and by
temperatures about 30 °C (86 °F). On the
other hand, gases such as methyl bromide are
much more effective at higher temperatures.

Differential Toxicity in Insect Life Stages

An insecticide may be highly effective
against one life stage (i.e. egg, larva, pupa,
or adult) but not against the others. Pyre-
thrins, 0.5% in il fog, are highly effective
against the adults of the moth Cadra cautella,
but not against the larvae,

Formulation of the Insecticide

The base that acts as a conveyor for the
active ingredient may play an important part
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in the toxic properties of the formulation.
Malathion soon becomes inactive when ap-
plied as dust, but it is much more stable when
treated with resin to inhibit volatilization, The
carrier base itself, as well as restricting volatili-
zation, may have a mechanical insecticidal
effect. Light oil often used as a carrier for
pyrethrins and other insecticides gives a 20%
control of the grain weevil, Sitophilus oryzae,
when used alone, and a 90% control with the
addition of 1.0% pyrethrins. Possibly the fe-
male weevil is prevented from laying eggs on
the grain surface because it is rendered slip-
pery by a microscopic oil film.

Habits of a Pestin Bew Control

An insect in flight m. = . 1zing rapidly,
may be more susceptible t - particular dose
of insecticide than it would be when settled
or walking. Being in flight may furthermore
make it more accessible. The beetle, Tribolium
easteneum, and the moth, Cadra cautella, are
most vulnerable to spraying during their
habitual dusk flights.

Parasitic Relationships

Whereas a particular chemical may be
found in the laboratory to give a 90% control
of a certain pest, it may in practice effect a
100% control on a parasite of the pest that
was perhaps unobserved. The practical result
might be an increase in the pest population.
For example, the moth Cadra cautella, has a
small hymenopterous parasite; Bracon hebe-
ror, that attacks the moth larvae. Although a
0.5% oil solution of pyrethrins is very effective
against the parasite, it has littic control over
the moth larvae. It was found that a spray
application at 3-day intervals caused an in-
crease of the pest because of the elimination
of the parasite.

Effect of Insecticide on the Pest other than
Direct Toxicity

The adult fertitized females of Cadra cau-
tella, when knocked down and killed by any
one of a large variety of insecticides, invoiun-
tarily discharge the eggs they contain, The
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eggs are viable in the same proportion as those
trid e normal femaies. Thus, an apparent
kill of wdults may now give complete control
of the pest because the eggs may hatch and
the population progress.

An insecticide used indiscriminately, for in-
stance in too low a concentration, may result
in the manifestation of a resistant strain of the
pest by selection. A 10% initial survival of a
pest may result in 100% resistance if the sur-
vival is due to an innate resistance of the pest.
Several resistant strains of insect pests of
stored products have already been found.

Seed Viability

Overdoses of fumigants may result in the
loss of seed viability by actually killing the
germ. This is most likely to happen in seeds
with a high moisture content, because respira-
tion is higher and chemical absorption is
greater.

Interrelationship of Pest Species

Where two pests are present, control of one
but not the other, if they were in competition,
may only result in a dominance of the sur-
vivor. Laboratory tests have shown that the
application of BHC to maize infested with
Sitophilus oryzae and Tribolium casteneum
causes a decrease of the former and an in-
crease of the latter, There is also evidence that
this has occurred in practice.

Some Comparisons in the Biochemistry of
Insects and Mammals with Special Reference
to Selectively Toxic Insecticides

Selective toxicity in medicine is already well
known, Penicillin prevents the synthesis of
the cell wall in bacteria by blocking the utili-
zation of uridine nucleotide, a biosynthesis
that does not occur in mammals, Sulfon-
amides block bacterial utilization of amino-
benzoic acid, which is important to bacterial
metabolism but not critical in mammalian
metabolism.

In research on insecticides, consideration
should be given to the possibility of selective
toxicity, especially because there is now evi-
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dence of its existence. This is particularly
impoertant in countries where food losses are
great and where the use of insecticides on
foodstuffs appears to be inevitable. The sub-
ject is undoubtedly an extremely complicated
one, and if it seems, from the extensive accept-
ance of insecticides, that man is less affectad
by them than are insects, it is mainly because
he receives a smaller dose per unit body
weight.

The study of selective toxicity can only pro-
ceed from an understanding of the differences
and similarities in insect and mammalian
metabolism,

Glycolysis

The respiratory quotients of mammals, and
many insect species, indicate the use of carbo-
hydrate and fat as primary and secondary
fuels. The glycolytic breakdown of carbohy-
drate to pyruvate involves the formation of
phosphorylated intermediates that have been
found to have similar occurrence, for example,
in the flight muscle of the housefly and in rat
muscle:

Fly Rat

Adenosine triphosphate
(ATP) 37.2 33.6

Adenosine diphosphate
(ADP) 1.2 2.4
Phosphagen 10.9 33.7
Adenylic acid 6.9 3.2
Glucose-6-phosphate 7.8 5.2
Phosphoglycerate 20.8 2.9
Inorganic phosphate 15.2 15.3
Other compous.: 0.0 3.7
Total: g 19090

The numbers regs 2saa the phosphorus in each
compound expressed as the perceniage of total
acid soluble phosphorus.

Oxidative Metabolism

In mammalian tissue, pyruvate undergoes
decarboxylation with the production of ace-
tate that condenses with oxaloaccetate and un-
dergoes the Krebs cycle so that the initial
carbohydrate is completely oxidized to car-
bon dioxide and water. The same metabolic
pathways have been detected in the tissue of a
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number of inscct species, including houseflies,
bees, and Drosophila. Furthermore, the physi-
ological site of oxidative metabolism in mam-
mals, the mitochondria, have their counterpart
in the sarcosomes in insect flight muscle.

Amino Acid Metabolism

The amino acids essential to the growth of
insects and mammals are similar. Aspartic
acid, glutamic acid, alanine, and proline may
be synthesized in insects by transamination
reactions, and the intermediates of carbohy-
drate oxidation are the same as the glycogenic
amiino acids of mammals,

Although these and perhaps other remark-
able similarities occur, there appear to be
certain differences between the metabolisms
of insects and of mammals that may be sig-
nificant in selective toxicity.

Enzymes

The inhibition of acetylcholinesterases by
organophosphorous compounds serves as an
example, The enzymes of the housefly, honey-
bee, and mouse are all inhibited by parathion,
but only the enzyme of the housefly is inhib-
ited by the isopropvl analogue of parathion.
This suggests that a specific molecular struc-
ture of the fly enzyme is different and allows
access to the isopropyl analogue. Another en-
zymic difference is that the phosphagen of
insect muscle is arginine phosphoric acid; in
mammmals it is creatine phosphoric acid. This
suggests a different transphosphorylase that
may be a point of selective toxicity, It is also
conceivable that the enzymes associated with
insect metamorphosis, being absent in mam-
mals, may be a point of attack.

The insecticide malathion actually possesses
a favourable insect to mammal toxicity ratio
that has a biochemical basis, In living tissue
malathion is converted to an anticholinesterase
by enzymic oxidation, The pathway of P-
labelled malathion injected into the hen,
mouse, and cockroach clearly shows a selective
toxicity. Detoxication and excretion of water-
soluble metabolites of low anticholinesterasc
activity occurs in the vertebrates but not in the
insect,
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Other biochemical bascs for selective tox-
icity probably exist although no relevant
selectively toxic insccticide may yet have been
discovered. For instance, insects require a
dietary source of cholesteros for normal
growth; whereas, in mammals it is synthesized
from relatively simple metabolites. The block-
age of cholesteros utilization by an antimeta-
bolite in the insect diet is a possibility for
selective toxicity.

Control of Insect Pests of Stored Food

Some similarities in the biochemistry of in-
sects and of mammals have been discussed.
These similarities should remind the food
scientist to exercise caution in the use of in-
secticides. Also discussed were some possibili-
ties and one known example of selective tox-
icity in insecticides, based on biochemical dif-
ferences between insects and mammals.

There is clearly no long-term future for the
use in stored food of insecticides that are also
toxic to humans. The purpose of these notes
is to discuss the types of chemicals and treat-
ments that may be useful and relatively safe
for the time being, and other possible methods
of insect control that may provide a basis for
development in this field.

Killing of Insects by their Ingestion of
Poisonous Substances

About a century ago copper acetoarsenite
(Paris green) was used as an insect stomach
poison to control the Colorado potato beetle.
Paris green and other arscnic compounds,
fluorine compounds, and various organic com-
pounds are used as insect stomach poisons i
agriculture and against domestic insect pests.
Although such poisons have been used in food
stores, this practice is rapidly disappearing.

Insecticidal Action by Contact of Poisonous
Substances with the Insect Integument

The insect cuticle is so permeable to a wide
range of chemicals that when applied to the
surface of the insect they produce their symp-
toms in almost the same degree as if they were
injected. Insecticides applied to the insect sur-
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face may enter the blood stream, nerve
centres, or both. Contact insecticides are
normally classified as: plant derivatives, e.g.
pyrethrins, nicotine, and rotenone; or synthetic
organic compounds, e.g. chlorinated hydro-
carbons (DDT, BHC), organophosphorous
compounds (malathion, DPDVP), and carba-
mates (sevin, isolan).

These contact insecticides are at the present
time used extensively in the food industry as:
applications to the structures of food stores;
space sprays in food stores; applications to
packaging materials; and direct applications
to foods such as cereal grains, legumes, fruits,
root crops, and oil seeds. These insecticides
w1z formulated as solutions, emulsions, dis-
persible powders, dusts, granules, and resins.
They all possess some degree of toxicity to
mammals, and quite clearly they cannot be
used as direct applications to such finished
foods as flour, cereal grains, and meals.

For direct application to unprocessed food,
the most useful contact insecticides are those
that possess the lowest mammalian toxicity, a
secondary consideration being their stability
in response to atmospheric moisture, heat, and
light. An excessive stability, of course, in-
creases the hazard of residual toxicity, which
is probably less a problem in the tropics than
in temperate climates. Probably the only con-
tact insecticides that are surviving the compe-
tition for direct application to food are pyre-
thrins, malathion, DDVP, and lindane (pure
benzene hexachloride gamma isomer). Car-
baryl (sevin), the recently introduced carba-
mate, may possibly be useful.

Insecticidal Action by the Application of
Poisonous Gases to Infested Food in
Enclosed Spaces

For treatment of infested flour, grain meals,
and other finished food, fumigation with gases
such as methyl bromide and phosphine is ex-
tensively employed. In the treatment of grain
and legumes, fumigation has the special ad-
vantage that the intragranular stages of the
weevils are killed.

Although fumigated foods may be freed
from the fumigant by ventilation, diffusion,
or forced extraction, there resnains the risk
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of residual toxicity because the fumigants are
to some extent irremovably absorbed into the
food. A hot climate provides the advantages
of both the well-established increased effect of
fumigants at higher temperature and the
higher rate of gaseous diffusion.

New and Possible Developments in the
Conirol of Insect Pesits of Stored Food

It is excusable to use toxic substances pro-
vided: (1) full precautions and scientific ap-
plications are adopted; (2) there is econoraic
necessity; and (3) the possibilities for the con-
trol of insects without the use of toxic sub-
stances have been considered.

Airtight Storage of Grain. In grain storage
bins that are completely airtight, respiratory
exchanges of both the grains and the insects
result in a depletion of oxygen and a high
concentration of carbon dioxide in the inter-
granular space. Such an atmosphere is toxic
to insects (the lethal factor is depletion of
oXxygen) and, to'a lesser extent, to the grain.
If death of the grain is not important, then this
method may be useful.

Cooling and Heating. Most insect pests of
stored food have low and high thermal death
points, When a limited maintenance of these
temperatures does not adversely affect the
food, a safe method of control presents itself.
High temperature is more effective than low
temperature, Insect development is gener-
ally’ limited below 10 °C (50 °F) and above
45 °C (113 °F). Heated-air drying of grain is
a very effective initial control method against
all insect pests of stored grain,

Moisture Relationship. Certain foods, par-
ticularly cereals, may be dried to a moisture
content too low for the development of pests.
A moisture content on a non-fat basis of 8%,
corresponding to a relative humidity of about
40% at 25 °C (77 °F), generally excludes
grain weevils from development; however,
Trogaderma granarium may survive these con-
ditions.

Irradiation, lonizing radiations (alpha par-
ticles, beta particles, neutrons, and gamma
rays) have all so far been used either experi-
mentally or in practice in insect control. Beta
radiation has been used to kill beetles in flour
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and in wood and r'sant tissues on a limited
scale. Gamima rays in ¢ »ages of about 65 000
R are required to kill storage insects, but they
may be sterilized by dosages of about 16 000
R. This is at the present time receiving much
international interest from two points of view:
(1) the sterilization of entire populations; and
(2) the sterilization and release of males of
species in which the females mate only once.

Sex Attractants. Many insects have a keen
olfactory sense that in many cases guides them
to their food. It has also been observed that in
some species the females emit “pheromones”
that attract the males for the purpose of mat-
ing.

Male insects may be attracted by phero-
mones over distances of greater than a mile.
The sex attractant of the silk worm moth has
been synthesized recently and found to be
biologically active. For example, an effective
control of Cadra cautella, the tropical ware-
house moth, may be conducted by releasing
a fog of oil-based pyrethrins into grain stores
during the dusk mating flight, The control
could perhaps be more economic if a sex
attractant could be released to first of all bring
the males to a focal point.

Pests of Stored Food
Insects

Of the thirty or so orders of insects, the
food scientist should be familiar with at Ieast
the Coleoptera '(beetles) and the Lepidoptera
(moths).

Whereas in temperate climates storage in-
sect pests do not normally occur in the field,
in the tropics it is normal for them to begin
their attack there, These insect pests can be
divided on the basis of whether their larva
develop inside the seed or dried root or
whether they are free-living within the food,

Larva develop inside the seed or dried root.
The pupae occur in a distinct pupal cavity
near the surface of the seed or root; the cavity
opens to the outside by a distinct window after
cmergence of the adult. The adults are free-
living and lay eggs in a characteristic manner
on or just beuicath the surface of the seed or
root,

Larva free-living within the food. The pupae
occur freely (beetles) or in cocoons (moths).
The adults are free-living and lay eggs ran-
domly on suitable food.

Some of the common Coleoptera and
Lepidoptera are listed in Table 22 according
to their mode of life, and some examples of
the foods they attack are given.

Rats and Mice

Rats and mice are serious pests of stored
grains, They are not only destructive because
of the amount of grain they consume but also
because they transmit disease. The main three
species that cause problems are: (1) the Nor-
way rat (Rattus norvegicus); (2} the roof rat
(Rattus rattus); and (3) the house mouse
(Mus musculus).

Sanitation. Good housekeeping is one of the
most economical and effective ways to reduce
rodent problems. Waste grain should be re-
moved; lumber, old screens, and grain sacks
should be stored about 50 cm from the floor;
old trash and junk should be destroyed; and
the grain should be protected with concrete,
wire, or sheet metal. Weeds and carelessly
strewn: debris, which might provide harbour-
age for rodents, should be eliminated.

Chemical Control, The chemicals used to
kill rats and mice are calied rodenticides.
Rodenticides are usually mixed with baits such
as fresh meats, bacon, fresh or canned fish,
rice, peanut butter, and melon. A binder of
molasses, or vegetable, mineral, or fish oil is
often used with dry baits to hold the poison
and bait together. An emetic is usually added
to the bait to protect other animals although
the acceptability of the baits is then reduced.
Rats are among the few animals that are un-
able to vomit, The bait must be mixed as
directed because too little will not poison and
may result in “bait shyness”; whereas, too
much may give the bait a strong taste or odour
and increases the danger to man and domestic
animals. Extreme caution must always be exer-
cised when handling poisons.

Traps. Two types of traps are commonly
used: (1) snap traps; and (2) cage or box
traps. In snap traps the bait must be securely
fastened to the trigger. Placing cage or box
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TaBLE 22. Some examples of insect pests and the foods they attack.

Order Family

Spec’ s Food attact .

Larva develop in seed or dried root

Coleoptera (beetles) Curculionidae
Bruchidae
Anthribidae

Bostrychidae
Anobiidae

Larva free-living within the food

Gnathocerus maxillosus Fabricius

Coleoptera Tenebrionidae
Silvanidae
Dermestidae
Nititulidae Carpophilus spp.
Cuculidae Cryptolestes spp,
Ostomidae
Lophocateres pusilius Klug
Lepidoptera (moths) Pyralidae Cadra cautelta Walker
Tineidae

Sitophilus oryzae Linnaeus
Callosobruchus maculatus
Araecerus fasciculatus Degeer

Rehizopertha dominica Fabricius
Lasioderma serricorne Fabricius

Tribolium castaneum Jacquelin du Val

Oryzaephilus mercator Fauvel
Cathartus quadricollis Gner

Dermestes maculatus Degeer
Trogoderma granarium Everts

Tenebroides mauritanicus Linnaeus

Sitotroga cerealella Olivier

Mainly cereal grains
Mainly beans

Mainly dried roots, also
maize and dry cocoa

Dried roots and grain

A wide range of dried seeds
including beans, grain, and
cocoa, root crops, and
compact meals

Mainly ground grain and
meals

Weevil-damaged grain,
legumes, dry cocoa, and oil
seed cake

Similar to Tribolium
Maize, usually when the
moisture content is above
149,

Dried fish, skins, bones, etc.
Dried animal products,
grain, and oilseed products
Usually associated with
mould on a wide range of
foods

Grain and grain products
Similar to Tribofium but
usually after heavy infesta-
tion by other insects

Same as Tenebroides

Similar to Tribolium
Mainly grain and grain
products

traps in dark places and covering them with
material such as burlap bags will increase
catches.

Burrow Gases. This is a supplementary
measure for killing rodents and should not be
attempted by untrained operators. Calcium
cyanide is very effective but is highly toxic
and quickly fatal; therefore, extreme care is
necessary, Carbon monoxide from automo-
bile exhausts can also be piped into a burrow
system,

In tight clay soils, filling burrows with water

from a garden hose may drive rodents out so
they can be killed with clubs.

Rat Proofing. This consists of changing
structural details to prevent the entry of
rodents into buildings. The stoppage work,
to be economical, should be confined to the
most likely points of entry and not to every
possible entrance.

Physical Considerations

The progressive approach to grain storage
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in the Philippines is concerned with bulk
handling and storage systems rather than sack
storage. It may be expected that the tendency
towards intensified production will be accom-
panied by: (1) the need to handle larger crops
over a limited period of time; and (2) the
centralization of storage. The bulk handling
and storage of grain offers a number of eco-
nomic advantages over sack storage: (1) sav-
ings in the cost of sacks; (2) reduction in
labour costs; (3) better control of losses and
quality; (4) reduction in land costs because
a given volume can accommodate more grain
in bulk than in sacks. The ratio is, for example,
more than 10 to 1 when tall silos are used in-
stead of sack storage in sheds; (5) facilitation
of national grain policy operations; and {6)
simplification of inventory.

Bulk handling and storage installations ate
not economically sound unless the storage
capacity is about 1000t or more. Capital is
depreciated more rapidly with an increase in
turnover frequency and this is a factor that
contributes to the selection of a storage system.
For example, a fully mechanized outdoor silo
system may cost US$150/t of static storage
capacity compared with US$50/t in a
medium-size installation utilizing indoor rec-
tangular or cylindrical bins. These two dif-
ferent systems may be designed in such a way
that the technical advantages to be derived
from: bulk handling, and the overall function,
are the same. For equal economic return,
however, the frequency of turnover must be
three times greater in the concrete silo system.
It follows that such high-cost installations are
usually regarded as economical only when
they are associated with frequent or continu-
ous stock turning operations such as those re-
quired ioe large capacity milling or port
handling. However, a government may con-
sider their use for subsidized grain marketing
programs that are in themselves of economic
and social importance.

Very careful logistic and marketing studies
are necessary whatever type of handling and
storage system is envisaged.

Before considering the relevant climatic
factors, characteristics of structural materials,
and the various systems available for handling
and storage, it is useful to review briefly the
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characteristics of bulk grain because they refer
to all of the other factors,

Characteristics of Bulk Grain

Certain physical and biological features of
a mass of bulk grain are related to any bulk
storage system whether it is refrigerated stor-
age, airtight storage, or normal dry-grain
storage.

Thermal Properties

Grain is a very poor conductor of heat, its
conductivity being similar to first-class in-
sulating materials. This means that any heat
generated by the grain itself or absorbed by
contact with storage structures (e.g. silo walls
heated by the sun)} remains localized, dispers-
ing only very slowly from the source. The
greatest significance of this is that the locally
heated grain develops a high vapour pressure
and gives off moisture vapour. This vapour
may rise slowly through the bulk due to
the convectional airflow created in the in-
tergranular space, or it may maintain the
same location, according to air density. In any
case, the water vapour will probably condense
to liquid water in another part of the silo
where heating does not occur, or at the same
place when the heat diminishes (e.g. sunset
or overcast weather conditions following sun-
shine). The free liquid water is absorbed into
the grain in another cooler part of the grain
mass and a deterioration chain is triggered off.

The low capacity of grain for heat transfer
can be used to advantage in the technique of
chilled grain storage for seed. Once the grain
is cooled to a safe level, it can remain cool
for long periods provided the storage struc-
tures are correctly designed.

Moisture Relationships

Grain has the capacity to absorb or lose
moisture according to the humidity of the sur-
rounding atmosphere (intergranular space).
One beneficial effect of this feature is the
possibility of slow drying when a relatively
dry mass of air is forced through a grain bulk.
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This ability to give up moisture freely can also
be used for evaporative cooling of the grain
and is useful in conditioning bulk grain during
storage. Conversely, caution is needed to en-
sure that the moisture in the intake air is not
sufficiently high to cause wetting of the grain
by absorption (see Table 23).

TasLe 23. The equilibrium moisture content of
paddy over a range of relative humidity
and temperature.

Relative humidity

IDRC-053e RICE: POSTHARVEST TECHNOLOGY

L ) T Oxygun

4 \/" .

.Starch {carbon) J'.. 'Cﬂnsumed <

- iscansumed YA Z. P_v the .

-\ by grajn germ* PN @raingerm -
Py X .

e __'

:."Heat produced *,
.* by grain germ y

-

Temperature
°F) 50 60 70 80 2
80 10 12 13 148 17
90 23 11 125 142 16.5 Fic. 85. The intergranular atmosphere, which is
1te 7 98 12 14 16.2 initially the same as ordinary air, is modi-

'f dry paddy (say 13% moisture content)
is subjected to in-storage acration from an
ambient atmosphere of 27 °C (80 °F) and
90% relative humidity, it will tend to absorb
moisture up to the equilibrium level of 17%.
At the same temperature a relative humidity
of 70% or less is safe.

Biological Characteristics

A bulk of grain may be regarded as a mass
of living orgenisms (the grain itself, moulds,
and insects) that consumes oxygen and the
reserve food material of the grain and pro-
duces carbon dioxide, water vapour, and heat
in the same manner as the many other forms
of life (Fig. 85).

In certain circumstances (airtight storage)
the depletion of oxygen and the increase of
carbon dioxide concentrations in the inter-
granular space can be used to advantage to
produce an atmosphere that wiil retard or pre-
vent the growth of insects and microorgan-
isms. In ordinary bulk storage, however, the
heat produced by grain respiration can become
a problem if uncontrolled, especially if the
grain moisture content is high: grain and
mould respiration increases with an increase
in moisture content and is very much restricted
at low moisture content, e.g. 13% or less.

fied by the respiratory action of the grain
germs, moulds, and insects: oxygen dimin-
ishes, water and carbon dioxide increase
in concentration, and the temy _ratures of
the intergranular space and the grain rise
due to the heat evolved in respiration. The
basic expression of this energy relation-
ship is;
12 g carbon -- 32 g oxygen =

44 g carbon dioxide + heat
Because respiration increases with in-
creased moisture content, heat production
increases and the temperature of the grain
mass increases.

Resistance to Airflow

A bulk of grain exerts a resistance o air-
flow according to the dimensions of the bulk
and to the shape and structure of the grain.
Although the total intergranular space is fairly
constant (30-40%) for all grain types, the
configuration of the space is very different and
determines the static pressure developed by
different grain types for a given rate of airflow
within a bulk of given dimensions. For ex-
ample, shelled maize and soybeans, which
have smooth surfaces, are spherical, and are
relatively large, present low resistance to air-
flow. Paddy grain on the other hand, which
has a rough surface and is slender and ellipti-
cal, exerts a high resistance — the grains being
closely applied to each other to form a net-
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work of small, predominantly horizontal
spaces,

Because the power requirement for forcing
a given volume of air through a grain bulk
of given dimension is a function principally
of air volume and static pressure, it follows
that if the volume is the same, the power re-
quirement will be greater for paddy than for
maize. Lhe power requirement to provide
a bulk of paddy, and maize, of dimensions
10 ft x 10 ft X 10 ft with 2 ft*® of air per min-
ute per cubic foot of grain, throurh a flat-
bottom aeration floor is:

Air Static
volume pressure
(cfm/ft3 of  (inches of HP
grain) water) required
Paddy 2 3.8 12
Maize 2 1.7 3

The airflow characteristics of sorghum are
similar to those of paddy.

During the design and specification of
aerated bulk storage, it is clearly necessary to
consider the grain types to be handled.

Characteristics of Structural Materials

Since steel and concrete are the most likely
materials to be used in the construction of
new grain silos, it is necessary to consider their
thermal properties,

Steel is a good conductor of heat; therefore,
it readity transfers solar heat from the outside
to the grain mass immediately inside the silo
wall. (This fact should be considered together
with the observations on the thermal proper-
ties of grain and its significance.) Conversely,
steel cools readily at sunset, or in intermittent
fair and overcast weather, and then acts as a
condensation surface for water vapour pro-
duced from the heated grain,

Since steel is the most practical and eco-
nomical materia! for silos designed for the
ordinary systems of dry grain storage, con-
sideration must be given to necessary factors
that compensate for its undesirable thermal
properties, These are grain moisture content
and aeration. When the moisture content of
grain stored in outdoor metal silos is 13% or
iess, the grain is not so susceptible to an ele-
vation of vapour pressure and the consequent
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loss of water vapour. Forced ventilation in
metal silos is essential to equalize the tempera-
ture of the grain mass with the ambient femn-
perature, apart from the need to provide nor-
mal conditioning ventilation.

Refrigerated grain storage is nct very prac-
tical in outdoor metal silos because of the
continual heat gain from the exterior.

Concrete has a low thermal conductivity
and presents a buffer against the amplitude and
the intensity of variations in ambient tempera-
ture, Concrete silos are usually more expensive
per tonne of storage capacity than steel silos,
but their use may be justified in certain cases.

The heat reflectivity of all types of silo can
be increased by painting them white.

Weather-proofing is of course essential in
both steel and concrete silos. In steel silos
this is accomplished by meticulous attention
to the sealing and bolting of plates during
construction and in concrete silos by the ap-
plication and correct composition of water
barriers.

It is to be noted that concrete is used for
the base for steel silos and the same attention
must be given to composition and damp-proof-
ing to prevent capillary rise of groundwater.

Basic Reguirements for Bulk Grain Storage

The basic requirements for ordinary bulk
grain storage are: (1) the grain moisture con-
tent must be at the level at which grain respira-
tion is limited; (2) the grain must be free of
debris so as to facilitate forced ventilation;
(3) a forced ventilation system must be in-
cluded in the silo design; (4) ventilation must
be programmed according to prevailing cli-
matic conditions; (5) ventilation systems must
be designed according to the types of grain to
be stored; (6) silos must be weatherproof,
constructed on firm, water-impermeable foun-
dations, and oriented advantageously with re-
spect to solar radiation; and (7) mechanical
conveying systems must be provided.

Review of Storage Methods Available

Aerated Storage of Dry Grain for
Long-Term Storage

Paddy, maize, and sorghum having a mois-
ture content of 13-14% can be stored for
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long periods in steel or concrete silos that
are equipped with a suitable forced-air ventila-
tion system. The functions of the ventilation
system are: (1) to replace the intergranular
atmosphere; and (2) to equalize the tempera-
ture of the grain bulk with the ambient tem-
perature. Silo units (individual bins) of several
hundreds to a few thousand metric tonnes a=
used for this purpose and total tonnages of
1000 and above are normally considered as
economic capacity.

The airflow rate for any grain storage is
about 0.10 ft8/min per cubic foot of grain
applied at daily intervals for a period of about
15 min during the period of minimum relative
humidity.

Aerated Storage of Wet Grain

Grain with a moisture content above 14%
can be maintained in good condition for
periods of about 2 weeks to 2 months at 29 °C
(85 °F) provided adequate ventilation is em-
ployed. Grain of 14-16% moisture content
requires 1 ft3 of air per minute per cubic foot
of grain daily for a period of about 30 min
during the period of minimum relative hu-
midity. Under these conditions, 14-16%
moisture content grain can be held safely
for 2 months. At this airflow rate, the grain
moisture content is reduced only negligibly,
but evaporative cooling is adequate. However,
if an airflow of about 5 ft3/min per cubic
foot of grain is applied to 16% moisture grain
for several hours a day at 70% relative hu-
midity or less, the grain moisture content will
be reduced to 14% in several weeks. The
graist can then be subjected to reduced aera-
tion as indicated above.

It may be desirable to hold for short periods
grain of 16% or more moisture content so as
to provide a buffer in the delivery of wet grain
into driers. This technique spreads the drying
load, maximizes the utilization of drying ca-
pacity, and consequently abbreviates the peri-
od of capital amortization. Such wet-grain
holding is normally carried out in bins of less
than 100 t capacity using an airflow of at least
5 ft'/ min per cubic foot of grain for about 3 h
per 12 h,
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Refrigerated Storage
(Chilled Grain Storage)

The application of cooled air (e.g. 4 °C
(40 °F)) to bulk grain either dry or semidry
(14-16% moisture content} is effective in re-
ducing grain respiration and deterioration to a
negligible degree. The cooled air is applied
with an ordinary aeration system equipped
with a cooling plant.

Airtight Storage

If a filled silo is completely sealed, the grain
respiration causes a drastic modification of
the intergranular atmosphere — oxygen is de-
pleted and carbon dioxide is increased. The
result is that the grain is Killed and respiration
ceases. Insect and mould development is in-
hibited or excluded by the modified grain
atmosphere but certain yeasts and bacteria
may grow if the grain moisture is high (18%
or more).

Since this method changes the flavour and
milling quality of grain, it is not useful for
application to human food grains. It cannot
be used for seed grain because the grain is
killed. It can be useful for storing animal feed
grain for periods of several months, espccially
because it is not necessary to dry the grain,
and the pgrain is uwsually required wet for
feed blending.

Methods Applicable in the Philippines

Three types of conventional bulk storage
with aeration systems would seem to be ap-
plicable to the Philippine grain production
and marketing patterns, according to location
and required capacity.,

Bin Storage Systems

These are for installation within existing
sack storage buildings or new buildings of a
similar type. These indoor silos may be of the
rectangular type with flat-floor aeration or of
the cylindrical type with cross-flow aeration.

The rectangular bin system offers a number
of operations derived from the same instal-
lation: (1) holding of wet grain prior to dry-
ing; (2) slow in-bin drying from about 18%
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moisture content to 14% or less, as a supple-
ment to heated-air drying in continuous flow
or batch driers; (3) tempering between
heated-air drier passes; and (4) grain unload-
ing using the same aeration system used for in-
bed drying and regular conditioning aeration.

The cylindrical system is comparable in its
function with the rectangular system except
that hoppering is needed for grain unloading
and space is not used so efficiently.

These installations are generally suitable for
provincial operation up to a capacity of 2000 1.
The scale of economy begins at about 1000 ¢,
Capital cost per tonne of static capacity, i.c.
tonnes of throughput, is a vital cconomic
factor, as in all storage systems.

Steel Cylindrical OQutdoor Silos

The range of size is great and they can be
installed economically over a static capacity
range of about 1000-10000t or more. At
1000 t capacity, the capital cost per tonne for
all operations is about US$100 and about
1JS$50 at 10 000 tonnes capacity.

Silo systems of this type may have pro-
vincial or terminal application.

Concrete Silo Systems

This system is already used in the Philip-
pines at flour and feed mills and at one rice
miil. The economic scale starts at about 10 000
t static capacity with a capital cost per tonne
of about US$150 at that level for ail necessary
operations. Concrete silo systems are generally
employed as part of the handling system at
high-capacity grain processing installations or
port facilities where the turnover is frequent
— usually at least four times per year and
often as many as twenty. — JOHN RAWNSLEY.
Department of Agricultural Engineering, Col-
lege of Agriculture, University of the Philip-
pines at Los Bafios, College, Laguna, Philip-
pines.
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Microorganisms

One of the major problems that confronts
the agricultural industry in the Philippines and
other developing countries having tropical
climates is the proper postharvest handling
and safe storage of agriculturai commodities
such as cereal grains and oilseeds.

The main hazard caused by mishandling
and pocr storage of grains and other stored
products is the loss in quality due to invasion
by microorganisms and insects. In the Philip-
pings, the predominant microorganisms usual-
ly associated with stored products are fungi
or moulds, mainly Aspergillus and Penicillium
types. These moulds occur throughout the
world as common contaminants of food, but
they are considered to be more serious in
tropical areas like the Philippines where high
temperature and moisture favour their rapid
growth. Although these moulds do not attack
actively growing plants, their minute spores
may contaminate the outer layers of the seeds,
especially at maturity or harvest time. If cereal
grains, oilseeds, and other agricultural com-
modities are not properly dried after harvest
they are subject to attack by moulds,

In the Philippines, where rice is harvested
by hand, there is sometimes a delay between
harvesting and threshing, and often the pan-
icles are heaped in the rice field until they
can be dealt with. Such temporary storage of
grain with a high moisture content (usually
as high as 30%) will lead to development of
high temperatures, serious deterioration in the
form of discoloration and off-odours, and
ultimately, reduced milling yield due to the
growth of moulds and other microorganisms,
Similarly, if milled rice is stored under damp
conditions mould growth will occur. The
actual invasion occurs under storage condi-
tions of high humidity (70-75% ) and high
temperature (25-30 °C). Under these con-
ditions, the spores germinate and penetrate
the seed, They attack with ease any section
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of the moist seed, and resuit in mouldy grains.
Storage fungi colonies also develop at the site
of insect and mechanical damage to the seed.

In a recently concluded survey in the Philip-
pines, samples of different grains, peanuts,
soybeans, and copra that were not properly
dried always yielded colonies of moulds,
mainly Aspergillus flavus (Table 24).

Effects of Moulds on Stored Products

Mould growth produces a number of de-
teriorative effects on grain, grain products, and
oilseeds: (1) discoloration and loss of luster;
(2) bad odour and off-flavour that make the
grain objectionable either as animal feed or
food for human consumption; (3) reduced
processing quality, for example, it is more
difficult to separate starch from protein in wet
milling of corn; {4) loss of viability, making
the grain unsuitable for planting; (5) loss of
competitive position in world markets due to
poor quality; and (6) production of highly
toxic substances called mycotoxins that poison
and kill animals and livestock and possibly
also cause health hazards to humans.

Mycotoxins

Mycotoxins are toxic substances produced
by fungi, several of which are known to cause
specific diseases of animals and man, The first
recognized toxic fungi metabolite was the no-
torious ergot of rye and other cereal grains.
Ergot contains a mixture of active substances
(primarily ergotamine) that causes mental
and physical suffering in man, Present scien-
tific literature reports other mycotoxins that
affect animals as well as man (Tables 25 and
26).

Of the many fungal toxins so far reported,
few have stirred as much inierest as the mould
toxin known as “aflatoxin.” In England in
1960-1961, 100 000 young turkeys mysterious-
ly died. After an infectious disease was ruled
out, it was discovered that what these turkeys
had in common was their ration of mouldy
peanut meal, which had been imported from
Brazil. The meal contained a high population
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of the mould Aspergillus flavus, Studies re-
vealed that this mouid produces several related
compounds known as aflatoxins B,, B, Gy,
and G, The most toxic is aflatoxin B, that
has a lethal dose (LD;,) of 18 ug in duck-
lings. It has been definitely proven that afla-
toxin can cause liver cancer in animals, and
it is probably safe to assume that aflatoxin
can also cause primary liver cancer in human
beings through cumuilative consumpiion of
contaminated cereals and other food products,
the main ingredients of which are either
cereals and/ or nuts, Table 27 shows the results
of analyses of different foods and native deli-
cacies for aflatoxin content conducted by the
Food and Nutrition Research Council of the
Philippines (FNRC).

Studies have been undertaken to find means
of removing or destroying aflatoxin from food-
stuffs. Procedures like autoclaving, use of
chemicals, and irradiation have been tried, but
these methods have either been unsuccessful
or impractical. To date the best means of con-
trolling mould infestation of agricultural com-
modities is by prevention. This means proper
harvesting, drying, storing, and processing.

Some Broad Principles and Practices for
Preventing Mould Growth

Environmental factors such as high moisture
and temperature, which exist in tropical coun-
tries like the Philippines, are the conditions
that lead to mouldiness of agricultural prod-
ucts. Consequently, commodities must be
dried, without damage, to a safe moisture
level soon after harvest and maintained at a
low level of moisture and temperature during
storage and handling,

Other storage practices are essential. (1)
Always thoroughly clean storage premises
before refilling. Leftovers may contain insects,
moulds, and other microorganisms that will
infect new materials. (2) Clean the grain of
grain dust, foreign material, and broken ker-
nels before it is stored. This makes the grain
less attractive and less susceptible to insect
and mould infestations. Do not mix new grain
and other bulk agricultural commeoditics with
old stock because organisms that cause quality
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TaBLE 24. Percentage of Aspergillus flavus and aflatoxin content in samples of crops collected in the

Philippines, September 14 to October 2, 1970,

Units
No. of yielding Aflatoxin
units A. flavus B,
Code? Sample description cultured {%) (ppb)
Corn
B-1 Whole corn on cob, drying yard, rural areas 21 71 343
B-2 Whole corn, shelled, drying yard 20 55 107
C-1 Whole corn, shelled, used in milling procedure 21 14 343
C-2 Corn starch derived from C-1 e — 14
C3 Corn gluten meal derived from C-1 25 20 333
C-11 Whole corn on cob standing in fields, improved
varieties, over mature, some ears on ground 21 70 929
C-12 Whole corn on cob, drying on cement, rural
areas. Mixed varieties 20 70 1074
D-13 Whole corn on cob, wet, stored in sacks in
barrio bodegas 20 i5 948
GS-5 Cora oil filter from oil refining — - 600
Peanuts
B-4 Peanuts in shell, dry from stored 1970 crop,
variety CES-101 20 60 14
CMC-2 Small segregated peanuts sold on market for
food use:
smooth 20 45 Composite
wrinkled 20 75 29
CMC-3 Production line **pickouts” removed from stocks:
smooth 20 635 Composite
wrinkled 20 95 986
1S-4 Farmer commercial peanut stock, in bulk
storage, dry, 1970 crop, in sheil 20 10 257
18-5 *“Pickout™ from farmer stock (IS-4) sorted at
shelter, shelled 20 0 477
Copra
C-18 Filter residue from copra oil extraction process
and oil clarification — — 357
D-10 Crude copra infested with fungi in pile 20 100 314
Sorghum
B-6 Sorghum, mixed varieties in large moulding
pile, very mouldy sample obtained 44 25 208
C-10 Sorghuim dry in storage 30 0 0
Rice
D-7 Mouldy unmilled rice from milling company
bodegas 30 0 0
1-2 Rice, exposed in field experiment, improperly
dried, variety IR-8-68 40 15 0
Sovbeans
B.3 Soybean, drying on mat 27 16 21

*Code letters refer to geographical area in which sample was collected; B—Bacolod; C—Cebu;D—Davao: GS—General Santos;

I—Noilo; IS-—Isabela; and CMC—Manila marker.
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TaBLE 25. A partial list of animal diseases attributed to fungi toxins,

Condition Animals Fungus source Food material Toxic agent

Slobbering Guinea pigs Rhizoctonia Legumes Slaframine
legumi-nicola

Trembling and Laboratory animals  Aspergillus sp. Various foods Tremorgens (2 or
convulsion Penicillium aplopium tnore)
Liver necrosis, Dogs, fowl, rats,and  Aspergilius flavus Corn, peanuts, Aflatoxins (6 or more
cancer, and body cattle ‘ sorghum and
hemorrhage coconut
Cerebral necrosis Equine animals Fusarium moniliforme Corn Unknown

TasLE 26, Diverse toxic conditions of man attributed to mycotoxins.

Condition Fungus source Food material Toxic agent
Skin photosensitization Sclerotinia schlerotium  Pink rotted celery Psoralens
Polyuria Riizopus nigricans Millet Unknown
Bone marrow depression (ATA) Fusarium sp. Cereal Not well determined
Hepatitis with hemorrhagic Stacliybotrys aira Cereal grains Not well described
phenomena

TapLE 27, Summary of FNRC analyses for aflatoxin content of different foods (1570).

Percentage of
samples with Percentage of

No. concentrations samples Range of Mean
of greater than containing concentration concentration
samples 30 ppb no aflatoxin {ppb) (ppb)
(1) Peanuts
raw 7 0 42.86 0-103 9
boiled 7 14.28 0 trace-103 16
toasted 56 14.28 i2.50 0-371 45
brittle
whole 13 7.69 23.08 0-158 28
diced 6 33.33 16.67 0-74 32
ground 7 42.86 0 6-171 58
sugar coated 15 20.00 46,67 0-35 31
with chocolate 14 42.86 35.71 0-215 73
with tokwa 3 3333 10 16-68 37
soy peanut 12 16.67 33.33 0-750 115
peanut butter 77 100 0 43-8600 287
(2) Corn
dried 37 81.08 0 3-398 106
boiled 13 0 23.08 0-20 11
pop (with sugar) 17 0 5294 0-24 14
pop (with salt) 12 8.33 33.33 0-660 20
canned sweet corn 6 0 33.33 0-9 ]
bran 3 1100 0 197-265 242
Corn starch 3 0 66.67 O-trace

Corn with coconut 17 17.65 17.65 0-143 37

(continued)
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TABLE 27. {continued).

Percentage of
samples with  Percentage of

No. concentrations samples Range of Mean
of greater than  containing concentration  concentration
samples 30 ppb no aflatoxin {ppb) (ppb)
(3) Copra 143 18.88 21.68 0-458 42
copra meal and cake 27 7.40 62,96 0-36 20
coconut products 33 : 6.06 78.79 0-857 134
(4) Rice
rice straw 14 0 78.52 O-trace
rice and sugar 23 0 78.26 0-22 13
rice, sugar, and
coconut milk 54 5.56 35.18 0-786 39
rice, sugar, and linga 4 0 75.00 (—trace
pop rice 2 0 5000 - 0-3 5
bran 3 33.33 0 : 28-31 29
pinipig 6 0 33.2 0-6 5
cereal preparation 3 0 0 trace-14
bintid 2 0 0 trace~11 1
(5) Tubers
Camote
raw 11 27.27 9.09 0-86 27
with sugar and
coconut 2 .0 100 negative
Cassava
raw 7 14.28 0 4-35 12
with sugar and
coconut 18 50.00 0 trace-1073 322
Ubi
raw 6 0 50.00 0 7
with sugar and
coconut 20 25 35.00 0-443 136
Gabi
raw 8 0 62.5 0-3 3
Potato
aw 3 0 0-28 25
Carrot 2 50 0 14-64 39
Radish 2 0 50 O-trace
Singkarmnas 2 0 50 0-28 28
(6) Commercial feeds
{unlabelled) 4 0 (2) 50 0-8 7
Laying mash 6 33.33 0 trace-133 39
Growing mash 13 38.46 0 10-151 47
Starter mash 9 44.44 0 8-129 43
Pigeon mash 5 40 0 11-47 29
Boiler mash 4 50 0 15-171 66
Hog mash 8 €2.5 0 12200 68
Trigo 2 0 0 14-23 19
(7) Mongo
dried i2 8.33 0 trace-32 9
with coconut 8 37.50 12.30 0-857 332
sugar with flour 5 0 20 0-13 8
sugar sprout 2 0 50 O-trace

{continued)
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TaBLE 27. (concluded).
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Percentage of

samples with  Percentage of

No. concentrations samples Range of Mean
of greater than .. containing concentration concentration
samples 30 ppb no aflatoxin (ppb) {ppb)
(8) Beans (dried)

string beans 3 3333 0 trace-96 55

China 1 0 0 8 8

Kadyos 4 1] 75 0-4 4

paayap 6 16.67 0 trace-86 15

patani 2 0 50 O-trace

tapilan 2 0 0 trace-9 5

kidney 10 20 10 0-180 69

chickpea 3 0 )] trace-9 4

canned beans 1t 0 0 trace-21 6

(9) Soybean products

misu 4 0 0 trace—3

taburi 4 0 0 trace-16 5

tausi 5 0 20 0-28 9

misi 3 0 0 trace-2

tokwa 8 0 25 0-9 4
(10) Fish

dried 19 0 o trace-6 4

smoked 23 0 (10} 43.48 0-9 5

meal 1 0 0 5 5

bagoong 2 0 0 5-7 6

patis (sauce) 16 0 0 trace~7 5
(11) Other nuts

pili nuts ! 0

pili nuts with sugar 12 8.33 3333 0-64 12

kasoy nuts 12 0 58.33 0-7 5

kasoy nuts with

chocolate 1 0 0 6

(12) Miscellaneous

coffee 11 0 100 0

cocoa (processed) 10 0, 60 0-28 12

€OCoa raw 1 0 0 17 17

deterioration will most likely be introduced
into the new crop. (3) Conduct periodical
surveillance tests in bulk-stored agricultural
commodities for mould growth and colour
appearance. (4) Keep insects, mites, and
rodents in check by fumigation or the applica-
tion of protective sprays.— FLORENDO C.
QuEeBRaL, Department of Plant Pathology,
University of the
Philippines at Los Barfios, College, Laguna,

College of Agriculture,

Philippines.

Control
Systems

The general requirement for good seed
storage is a dry and cool environment.
Seed operations located in climatic areas with
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high temperatures and relative humidities
must have some system of controlling both
the relative humidity and the temperature of
the air inside seed storage rooms. Sealed stor-
age {vapour-proof containers) has been used
for many years in the vegetable seed industry;
however, two factors have limited the use of
this method for storage of field crop seeds:
(1} the cost of vapour-proof containers; and
{2) the moisture content of the seed, which
must be 2-3% lower than that normally con-
sidered safe for seed packaged in non-
moisture-proof containers.

Before considering several systems that can
be installed to maintain low relative humidities
arel temperatures, let us consider the basic
requirements; (1) a structure must be pro-
vided that will keep infiltration of moisture
and heat to a minimum; (2) there must be
some means of dehumidification (removing
moisture from the air); and (3) there usually
must be some provision made for lowering
the temperature of the air.

Storage Room Construction

The qu-stion of how to build a good seed
storage room becomes a question of what is
the best way to construct a “large container”
and make it as airtight as possible, This is
necessary to keep the initial cost and the oper-
ating expense of the dehumidifying and cool-
ing equipment at a minimum.

For low humidity conditions, it is essential
that adequate vapour barriers be included in
the construction and that they be installed with
the greatest of ¢are, making sure that all joints
are properly sealed. Thermal insulation re-
quirements will vary with geographic location.
Obviously, the size of the storage area should
not be larger than absolutely necessary. If
seeds are to be stored in a large warehouse, it
is more economical to condition only a small
portion of the warehouse rather than to at-
tempt to dehumidify and cool the entire
structure.

Dehumidification

Generally speaking, there are two major
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categories of dehumidifiers: refrigeration-
type, and chemical- or absorption-type.

Refrigeration-Type

The refrigeration-type dehumidifier oper-
ates by drawing warm moist air over a metal
coil through which a refrigerant such as Freon
is circulated. A part of the atmospheric mois-
ture condenses on this cooling coil and is col-
lected in a pan or bucket or is drained off.
The cooled air coming from over the coil,
which now has a low temperature and a high
relative humidity, is reheated by the condenser
coil of the refrigeration system; thus raising
the temperature and lowering the relative hu-
midity. The water removal capacity of this
type of system is dependent on the difference
in temperature between the entering air and
the cooling coil. Although these units are quite
effective at high temperatures they lose effi-
ciency below 21 °C (70 °F) or 50% relative
humidity. Heat from the electric motors that
drive the compressor and fans add sensible
heat to the atmosphere.

Absorption-Type

The absorption-type dehumidifier operates
by drawing moist air over a solid drying agent
(desiccant) that has the ability to extract and
retain meisture on its surface by a phenome-
non known as “absorption.” The air is filtered
and dried to a very low dewpoint in the pro-
cess, and the desiccant is periodically regener-
ated by means of heated outside air that
vaporizes the moisture and dispels it to the
outside of the conditioned space. Continuous
operation of these machines is achieved by
either using two desiccant beds that switch
back and forth automatically, or by using
rotating beds of desiccant, a portion of which
is always dehumidifying the air while the re-
mainder is being regenerated.

Desiccant dehumidifiers provide maximum
efficiency at low temperatures and are able to
maintain constant relative humidities even
below 10%. A factor that should not be over-
looked is that heat is added to the controlled
atmosphere although the unit is placed outside
the storage room. The latent heat of vapori-
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zation of the moisture that is removed is con-
verted to sensible heat. There is also a certain
amount of residual heat left in the desiccant
after reactivation, which increases the air
temperature.

Heat Removal

Because an excessive heat buildup will
usually be experienced when either type of de-
humidifier is used alone to reduce the relative
humidity in a seed storage room, let us con-
sider several means of removing this heat, The
most common and familiar method is by
using a refrigeration-type air conditioner,
which can also be used to “dehumidify.” It
operates in a manner similar to the refrigerant
dehumidifiers except that it has a larger cool-
ing coil area and provides air or water cooling
of the condenser coils.

Water after-coolers can be used with a
desiccant-type dehumidifier if the sensible heat
load of the storage room is not excessive and
a supply of cool water is available. Pre-cooling
and after-cooling coils that are cooled by a
refrigeration system are a most efficient way
of removing large amounts of moisture with
a desiccant dehumidifier. At temperatures
below 10 °C (50 °F), silica gel will remove
nearly 90% of the moisture from the air-
stream; at 38 °C (100 °F) this removal ratio
is only about 50%.

Depending upon the temperature, relative
humidity requirement, moisture, and sensible
heat load, one method or system is usually
more efficient than another. Therefore, let us
consider eight possible systems for maintain-
ing the required temperature and relative hu-
midity in a conditioned seed storage facility.

Dehumidification System — Type I

As shown in Fig. 86, a refrigeration-type
dehumidifier is placed inside the conditioned
space. This self-contained unit consists of the
following components: refrigeration compres-
sor; motor and fans; and evaporator and con-
denser coils. The air inside the room is re-
circulated through the unit until the set refative
humidity is reached and a humidity control
switch in the electrical circuit shuts the unit
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Fii. 86. Dehumidification system - type I: (1) com-
pressor; (2) motor and fans; (3) evaporator
coil; and (4) condenser coil.

off. The humidistat will automatically turp the
unit on again when the moisture content of
the air begins to increase due to infiltration or
movement of moisture from the storage prod-
uci or from other moisture inside the room.
This system can be used satisfactorily only in
locations where temperature control is not
necessary, that is, where the sensible heat in-
crease does not raise the air temperature above
safe limits,

Dehumidification System — Type 11

Figure 87 shows a desiccant dehumidifier
located outside the conditioned space. This
self-contained desiccant unit has the following
components: desiccant (usually silica pgel);
heater coils; conditioned air blower; and re-
activation blower. The air in the conditioned
space, through a closed system, is recirculated
through the unit until the set relative humidity
is reached. A humidistat, located inside the
conditioned space, controls the running of the
conditioned air blower. Most desiccant de-
humidifiers are wired so that the reactivation
cycle continues even though the conditioned
air blower stops. This is desirable only when
the unit must run most of the time to maintain
the relative humidity in the conditioned space;
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Fic. 87. Dehumidification system - type I11: (1) desiccant; (2) heater coils; (3) blower; and (4) reactivation
blower,
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FiG. 88. Dehumidification and cooling system - type [11: (1) compressor; (2) motor and faus; (3) ¢vaporator
coil; and (4) condenser coil,
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Fig. 89. Dehumidification and cooling system - type 1V: (1) desiccant dehumidifier; and (2) water afler-

cooler.

otherwise, the resuit is excessive heat and ex-
pense. By having the reactivation heaters and
fan wired to shut off when the conditioned air
blower shuts off and by locating the machine
outside the conditioned space, the heat build-
up can be kept to a minimum.

Dehumidification and Cooling System —
Type I

A conventional-type air conditioner can be
used to maintain temperature and relative hu-
midity when the reduction of temperature is
necessary for control of the sensible heat load.
As shown in Fig. 88, only the evaporator
section of the refrigeration unit is placed in-
side the conditioned space. The air within the
conditioned space is recirculated over the cold
evaporator coil, where moisture is condensed
out of the air. Qutside air is drawn over the
condenser coils releasing the transferred heat
to the atmosphere. The unit is controlled by
a thermostat that shuts the compressor off
when the temperature of the inside air is re-
duced to the set level, Because moisture is re-
moved only when the room temperature is
too high, sizing of the air conditioner for the
sensible heat load becomes critical. For de-
humidification, the compressor must run 1o
keep the evaporator coils cold To maintain a
more constant relative humidity condition,

electric heater strips are sometimes used to
add heat to the air, which keeps the unit run-
ning longer. If these heater strips are con-
nected through a humidistat, they can be
turned on and off automatically as the hu-
midity inside the conditioned space changes.

Dehumidification and Cooling System —
TypelIV

The system shown in Fig. 89 consists of a
desiccant dehumidifier with a water after-
cooler. The water cooler is used to reduce the
air temperature as it leaves the desiccant de-
humidifier. The size of the after-cooler coil and
the quantity and temperature of the water that
passes through the coil determine the amount
of heat that can be removed. This system is
very effective for maintaining low humidities,
and temperatures in the range of 510 degrees
above the water temperature. A magnetic
valve can be used in the water supply system
to automatically regulate the water flow, and
thus keep the air temperature within the set
limits.

Dehumidification and Cooling System —
. Type V
Figure 90 shows a high capacity moisture
removal system that utilizes a refrigeration unit
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FiG. 90. Dehumidification and cooling systzm - type V: (1) desiccant dehumidifier; (2) pre-cooling coil;
(3) after-cooling coil; and (4) refrigeration unit,

in conjunction with a desiccant dehumidifier.
Cooling for the pre-cooling and after-cooling
coils is provided by a refrigeration system.
Because silica gel can remove nearly 90% of
the moisture from air at a temperature below
10 °C (50 °F), the air in the conditioned space
is cooled by the pre-cooling coil before it con-
tacts the desiccant in the dehumidifier. In the
process of absorption, latent heat of condensa-
tion is converted into sensible heat. Because
this sensible heat increase may increase the
air temperatures as much as 28 C° (50 F°), the
after-cooling coil is necessary to reduce the
temperature to safe limits. With automatic
controls the temperature of both cooling coils
can be regulated; thus it is possible to main-
tain, within close tolerances, low humidities
and temperatures inside the conditioned space
under 2 wide range of load conditions,

Dehumiditication and Cooling System —
Type VI

A simple system for controlling the tempera-
ture inside a conditioned space while remov-
ing large quantities of moisture at higher tem-
perature is shown in Fig, 91. A self-contained
refrigeration-type dehumidifier that is located
inside the conditioned space removes the mois-
ture from the air and is controlled by a hu-

midistat. The sensible heat load is handled by
a refrigeration unit that transfers the heat to
the outside atmosphere. The air temperature
inside the conditioned space is kept within set
limits by a thermostat that turns the refrigera-
tion compressor on and off. This type of sys-
tem loses efficiency at temperatures below 21
°C (70 °F) and relative humidities below 50%.

Dehumidification and Cooling System —
Type VII

A dual system, as shown in Fig. 92, can be
designed to maintain low humidities and low
temperatures in the conditioned space over a
wide range of load conditions. The refrigera-
tion system will dehumidify (within limits of
design) as well as cool the air. It works inde-
pendently from the desiccant unit; however, in
normal operation the two systems complement
each other. The desiccant dehumidifier has a
much higher moisture removal capacity be-
cause cold moist air enters the maching. Under
extreme load conditions, the temperature of
the air leaving the unit can be high enough
to pick up sufficient moisture before entering
the evaporator so that a certain amount of
water will condense onto the cold coils,

Because either part of the system can lower
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FiG. 91, Dehumidification and cooling system — type V1: (1) refrigeration-type dehumidifier; and (2) self-

contained refrigeration unit.

CONDITIONED SPACE

&

AIR RECIRCULATED

™~

Cold moist air

Heated air

2 O Outside air

Qutside air
reactivation

~

Warm dehumidified air 'K L
Moist air

FiG. 92. Dehumiditication and cooling system — type V11: (1) desiccant dehumiditier; (2) remote refrigera-

tion unit; and (3) evaporator.

the humidity to a certain extent, this dual sys-
tem offers a safety factor in case of mechanical
failure.

Dehumidification and Cooling System —
Type VIII

A mechanical refrigeration system, as
shown in Fig. 93, can be designed to maintain

low humiditics as well as low temperatures
inside a conditioned space. Because the
evaporator coil temperature must be below
the dewpoint of the conditioned air at low
temperatures and relative humidities, the
moisture that condenses out will freeze, form-
ing ice on the coils, Some provision must be
made to melt this ice and remove it as water
from the cenditioned space. In the iflustration,
a hot-gas defrost system is shown. Using a time
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and (

clock, hot di
COMPressor |
coil at regui:

It should |
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FiG. 91, Dehumidification and cooling system — type V1: (1) refrigeration-type dehumidifier; and (2) self-
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FiG. 92. Dehumiditication and cooling system — type V11: (1) desiccant dehumiditier; (2) remote refrigera-

tion unit; and (3) evaporator.

the humidity to a certain extent, this dual sys-
tem offers a safety factor in case of mechanical
failure.

Dehumidification and Cooling System —
Type VIII

A mechanical refrigeration system, as
shown in Fig. 93, can be designed to maintain

low humiditics as well as low temperatures
inside a conditioned space. Because the
evaporator coil temperature must be below
the dewpoint of the conditioned air at low
temperatures and relative humidities, the
moisture that condenses out will freeze, form-
ing ice on the coils, Some provision must be
made to melt this ice and remove it as water
from the cenditioned space. In the iflustration,
a hot-gas defrost system is shown. Using a time




STORAGE

159

CONDITIONED SPACE

e
=3

[
(‘ Cold dehumidified air

}
N S

AIR RECIRCULATED

Heated air

= 10 e Qutside air

Fig. 93. Dehumidification and cooling system — type VIII: (1) remote refrigeration unit: (2) evaporator;

and (3) hot-gas defrost system.

clock, hot discharge gas from the refrigeration
compressor is directed through the evaporator
coil at regular intervals. -

It should be pointed out that a refrigeration
system that will function well at temperatures
below 21 °C (70 °F) and 50% relative hu-
midity is not composed of standard “comfort”

or “cold storage” refrigeration components.
Humidity control must, therefore, be built into
the coil design and other components of the
system. — JAMES M. BEcK. Department of
Agricultural Engineering, College of Agricul-
ture, University of the Philippines at Los
Baiios, College, Laguna, Philippines.
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Technology

Rice has been used as a staple food since
ancient times, and today, more than half of
the world’s population eats rice as the main
food in their diet. Rice is obtained from paddy
by milling, which removes the hult and bran
(a mixture of pericarp, seed coat, and some
of the aleurone layer, Fig. 94)., The ob-
jective of milling is to get whole grain rice and
preserve most of the rice kernels in their ap-
proximate original shape. Some varieties of
paddy do not yield much head rice (a rice
kernel or a piece of kernel having length equal

Starch granuies (3-8um}

Starch cell

Void or intergranular
spaces

to or greater than 3/4 of the average length
of the unbroken kernel) because of their in-
herent poor miiling quality or due to the effects
of bad weather or uneven processing condi-
tions. Both preharvest and postharvest factors
cause breakage of rice during milling, Pre-
harvest factors include varietal characteristics,
agronomical practices, and environmental con-
ditions; whereas, postharvest factors include
unevenness in processing conditions during
mechanical handling, drying, or storage and
the type of milling machinery used and its
adjustment.

Even if the proper precautions are used in
postharvest processing, some varieties of
paddy produce a low head rice yield because
of inherent poor milling quality, To counteract
this, premilling treatments have been devel-
oped in certain parts of Asia, particularly in
India, Bangladesh, Pakistan, Burma, Ceylon,
Malaysia, and Thailand (Borasio and Gari-

Hull {husk)

Pericarp

Seedcoat

Alsurone layer

Starchy endosperm

Germ or embryo

FiG. 94. Diagrammatic representation of the structure of a paddy grain in longitudinal section.
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boldi 1965; Jones and Taylor 1933; Jones et al.
1946; Matz 1959; Mazumdar et al. 1960;
Roberts et al. 1954; Shivanna 1971).

Premilling Treatments

Because the miliing process has long been
known: to remove much of the vitamins and
minerals from the grain, different types of pre-
milling treatments of paddy have been devised
to improve its milling, nutritional, cooking,
and keeping qualities, The rice obtained from
milling pretreated paddy is known as parboiled
rice; whereas, the rice obtained from milling
untreated paddy is known as raw rice or white
rice. The different premilling treatments are
described below,

Atapa

In the atapa treatment, which was originated
in Bengal, India, paddy is soaked in water
at room temperature for 24 h and then dried
in the sun (hence the name atapa, or sun
dried). The dried paddy is then milled by the
traditional milling equipment, mortar and
pestle, or in a husking mill (huller). During
milling many of the grains are broken.

This treatment, which was also developed
in Bengal, India, is slightly better than atapa
because the paddy is sprinkled with hot water,
which inflates the grain due to sudden thermal
expansion. When the paddy is dried in the sun
and milled, the hull is easier to remove.

Josh

During the josh (boiling) treatment, devel-
oped in Larkhana, Pakistan, the paddy is first
sieved to remove the dirt. Large earthen pots
filled with cleaned paddy and waler are placed
on a 15-cm layer of hull that is used as fuel.
The pots are then heated, and remain on the
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fire all night. The next day the water is drained
and the paddy is subjected to a second heating
in shallow iron pans placed on the fire for 1 h.
The paddy is then taken out of the pans and
dried in the sun. Sometimes, soaking is done
in iron tubes instead of in earthen pots. In
this case, the water in the tubes is first heated
to the boiling point and the fire is removed.
The cleaned paddy is put in the tubes for 8 h.
The water is then drained and the paddy is
heated in shallow iron pans and dried as de-
scribed earlier. Because the rice is semi-
cooked, the hull easily separates in milling
and there is no breakage of grains. In addi-
tion, it is claimed that such rice has better
keeping quality.

Sela

In this treatment, which was originated in
Saharanpur, India, paddy is soaked in water
at room temperature for 24-48 h and then
gently roasted in hot sand (80-90 °C). Ex-
perience is required for judging the correct
temperature of the sand and the duration of
roasting, The heat supplied should be just suffi-
cient to evaporate the moisture from the wet
paddy without causing parching of the rice.
The roasted paddy is then further dried in the
sun and milled.

Siddha

In the Siddha treatment, originated in Ben-
gal, India, paddy is soaked in water at room
temperatuore for 24 h, boiled for a few minutes,
dried, and milled. In this method, rice from
over-soaked paddy becomes dark-coloured;
rice from over-boiled paddy becomes coarse
in appearance; and rice from over-dried paddy
shows poor milling quality.

Parboiling

Parboiling is one of the latest well-developed
premilling treatments given to paddy to im-
prove its quality. The different modifications
parboiling made to the product were con-
sidered merely accidental; however, after the
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introduction of mechanical milling, parboiling
not only survived but even began to spread all
over the world because of its economical and
nutritional advantages (Gariboldi 1972; Kurien
1964).

Very little is known about its origin; how-
ever, since early times paddy has been treated
with cold or hot water and dried before hand-
pounding or milling. Parboiling may originally
have been used merely for a hygienic treatment
to clean the threshed grain, or because of its
hardening effect and the consequent improve-
ment in milling quality, or a combination of
these (Kisan Krishi Yantra Udyog 1972; Kup-
puswamy 1972). There is no record of who
first discovered the process but there is no
doubt that parboiling was being practiced in
India long before it was known to other parts
of the world (Ghose et al. 1960), Parboiling
has been practiced in the United States, Italy,
and British Guiana on a commercial scale
since 1940 (Matz 1959).

Basic Concept of Parboiling

Before describing the various advantages,
disadvantages, methods, equipment, and the
quality of parboiled rice, let us first consider
the structure of a paddy grain itself. Figure 95
shows cross sections of raw and parboiled
rice (International Rice Research Institute
1969). The endosperm, which constitutes the
major volume of the rice grain, is mainly com-
posed of polygonal starch granules. The voids
or intergranular spaces are filled with air and
moisture. The presence of voids, fissures, and/
or cracks, developed during maturity, causes
breakage of rice during milling, This breuk-
age may be eliminated by gelatinizing the
starch, which fills the voids and cements the
fissures and cracks,

Swelling of Starch

The starch granules may be swelled by
soaking the paddy in water. During soaking,
water penetrates into starch granules, forms
hydrates by hydrogen bonding, and causes
swelling. Starch granules exhibit only a limited
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capacity for absorbing water, and swelling in
cold water is due to the presence of hydrogen
bonds between the amylose and amylopectin
fractions of the starch. During hot soaking.
energy supplied in the form of heat weakens
the granule structure by disrupting the hydro-
gen bonds; therefore, mrore surface area is
available for water absorption by the starch
granules, This permits further hydration and
irreversible granule swelling caused by the in-
crease in the number of dissociated water
molecules. This phenomenon is called gelatini-
zation of starch. The temperature at which
gelatinization takes place is known as the gela-
tinization temperature and is specific for each
variety. At the end of the gelatinization pro-
cess, the paddy has acquired a moisture con-
tent of about 45-50% and must be dried
before further processing. (All moisture con-
tent valves quoted here are expressed on a dry
basis.} The starch in the paddy grain may be
gelatinized by either of two methods: (1) the
paddy may be soaked in water at or above its
gelatinization temperature for a time, which
depends on the variety; or (2) the paddy may
be soaked in water at or below its gelatiniza-
tion temperature for some time to facilitate the
uniform hydration of the rice kernel, and then
heated to produce irreversible expansion and
fusion of the starch granules. The heat should
be moist, or the soaked paddy will start to dry.
The best source of this heat is steam. This
method is commonly used in practice.

Chemical Composition of Rice

Chemical analysis of rice shows that most
of the nutrients, which are concentrated in
the outer layers (bran and polish) of the rice
kernel, are lost during milling (Houston and
Kohler 1970). This loss of nutrients may be
reduced to a certain extent either by consum-
ing shelled or under-milled rice, or by making
some of the nutrients present in the outer
layers penetrate the kernel, so that they are
not removed during milling, The former is not
advisable because of consequent digestion
trouble; however, if the paddy is soaked in
water and subsequently steamed, the water
soluble nutrients may be retained to some
extent in the kernel.
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Fig. 95. Cross section of rice endosperm.

It may, therefore, be concluded that to mini-
mize the breakage of rice and reduce the loss
of nutrients during milling, the paddy should
be soaked, steamed, and dried before milling.
This premilling treatment of paddy is known
as parkoiling. The major objectives of par-
boiling are to: (1) increase the total and head
rice yield of paddy; (2) prevent the loss of
nutrients during milling; (3) salvage wet or
damaged paddy; and (4) prepare the rice uc-
cording to the requirements of consumers in
certain parts of the world.

Advantages and Disadvantages of
Parboiling

The parboiling process, developed by tra-
dition in India and improved by various re-
searchers, provides a unique tool for improv-
ing not only the milling quality but also
other qualities of paddy. In general, the par-
boiling process has the following advantages:
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(1) shelling of parboiled paddy is easier be-
cause the husk is split during parboiling; (2)
the extra strength acquired by the rice kernel
during parboiling helps reduce the number of
brokens; (3) parboiled rice retzins more pro-
teins, vitamins, and minerals than raw mitied
rice of the same variety; (4) parboiled rice,
because it is harder, is more resistant to insect
infestation during storage compared to raw
rice; (5) the loss of solids into the gruel during
cooking is less in parboiled rice compared to
raw rice; (6) parboiled rice withstands over-
cooking without becoming pasty; and (7) the
bran from parboiled rice contains about 25-
30% oil; whereas, raw rice bran contains about
15-20% oil. The heat treatment of paddy
during parboiling destroys, to a certain extent,
the lipase enzyme that is responsible for the
hydrolysis of oil (development of free fatty
acids); therefore, the oil is of a superior
quality because it has a lower concentration of
free fatty acids (FFA).
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Parboiling has the following disadvantages:
{1) heat treatment during parboiling destroys
some natural antioxidants; therefore, parboiled
rice develops more rancidity than raw rice

- during storage; (2) parboiled rice takes more

- time to_cook to the same degree of softness

- ‘than raw rice, and may develop a taste, texture,

- and characteristic flavour and colour not liked

_-by many raw rice eaters; (3) because the par-

boiled paddy has a high moisture content for
a long time, mycotoxins that are hazardous to
human health may develop; (4) parboiled
paddy must be dried from 45-50% to 14-
16% moisture for proper milling and storing,
which adds an extra drying cost to the total
processing cost; (5) shelled parboiled rice is
more difficult to polish because it is harder,
and consequently th> mill throughput capacity
_is lowered and the milling power requirement
is imcreased; (6) parboiled paddy may choke
the polisher because of the higher oil content
of the bran; and (7) the parboiling process
needs an extra investment of capital.

In spite of these disadvantages, the higher
outturn of total rice (about 1-2%) as well as
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head rice brings in additional profit to the
miller and at the same time ensures a lower
price to the consumer (Central Food Tech-
nological Research Institute 1969). The com-
parative production cost of parboiled rice
using one of the modern methods (Kisan Krishi
Yantra Udyog 1972) is presented in Table 28
to illustrate the economic benefits that can be
obtained from parboiling. Table 28 shows that
the cost of production of parboiled rice is less
than that of raw rice. The difference is about
5 paise/kg of rice produced. Nearly 50% of
the total paddy produced in India is parboiled;
therefore, there is scope for saving approxi-
mately Rs. 1000 million annually.

Characteristics of the Paddy for Parboiling

The paddy varieties preferred for parboil-
ing are those that are the most brittle because
of the soft structure of their endosperm and
those that give a low output after milling
because of special conditions associated with
cultivation, harvesting, and drying. Varieties

TasLE 28, Comparative production costs for 1t of raw and parboiled rice
(Kisan Krishi Yantra Udyog 1972},

Cost of Cost of
raw rice parboiled rice
(Rs.} (Rs.)
Cost of paddy 500.60 500.00
Incidentals, transport, bandling, etc, 12.00 12.00
Depreciation in gunny bags (6 times reused) 6.00 6,00
Charges for drying 10.00 —
Charges for parboiling and drying — 18.00
Milling charges 23.00 23.00
Tatal cost: 551.00 559,00
Less realization from by-products:
Brokens in raw rice (60 kg, @ Rs. 600/1) 36,00 —
Raw rice bran (29 kg @ Rs, 350/t) 875 —
Parboiled rice bran (28 kg @ Rs., 450/1) — 12.69
Net cost of rice realized 506.25 546,40
Cost per kg (raw rice 620 kg and 60 kg brokens; parbeiled rice 710 kg) 0.82 0.77
Packaging charge 0.02 0.02
Tatal cast per kilogram: 0.84 079

NOTE: (1) there s difference in cont of 8 paise kg of rice produced; and () assuming that about S0 of India‘s rice is parboiled
there is scope for saving at least Rs. 50 3 20 X (0% = Rs, 1000 million /year.




168

that are long and slender are usually par-
boiled because they are fragile compared with
short or medium length grains, which stand
up better to the ordinary milling process (Gari-
boldi 1972). Scented and fine varieties, which
have good milling quality, are generally not
parboiled.

Some characteristics of the paddy affect the
final product both quantitatively and quali-
tatively (Gariboldi 1972): (1) the presence of
partially or fully shelled grains, which may be
destroyed or misshapen by the process, cause
the parboiling plant to function irregularly;
(2) the awn and hairiness of the husk may
make the soaking operation difficult because
of the tendency of the grains to float on the
surface of the water, which produces scum
and other waste materials; (3) the pigmenta-
tion of the husk and pericarp may be dissolved
during the soaking and steaming operations
and deepen the colour of the endosperm; (4)
bacterial infestation may cause a partial or
total darkening of the endosperm; and (5)
even minute injuries on the seed, caused either
miechanically or by insects, may lead to partial
discoloration of the parboiled rice.

Parboiling Process

Parboiling of paddy is a hydrothermal pro-
cess that may be defined as the gelatinization
of starch within the rice grain, During the
process, an irreversible swelling and fusion of
starch granules occurs that changes the starch
from a crystalline form to an amorphous one,
As a result of this transformation, the orderly
polyhedral structure of the compound starch
granules changes into a coherent mass (Rag-
havendra Rao and Juliano 1970},

Parboiling of paddy requires three steps:
soaking, steaming, and drying (Fig, 96). In
the soaking process the void spaces in the hull
and rice kernel are filled with water, and the
starch granules absorb water and swell, which
causes an increase in the volume of the paddy
(Ali and Pandya 1974). During steaming,
soaked paddy is exposed to steam heat for a
given duration and the starch present in the
rice kernel is gelatinized. Subsequently, the
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Fii, 96. The three steps required for parboiling.

paddy is dried to 16% moisture contem, which
imparts the hardness that the grains require for
milling.

Physicochemical Changes During Parboiling
The most notable change during parboiling

is the gelatinization of starch and the disinte-
gration of protein bodies in the endosperm
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(Raghavendra Rao and Juliano 1970). As a
result, the starch and protein expand and fill
the internal air spaces. The starch granules are
closely appressed, which creates strong co-
hesion between them, Both fissures and cracks
present in the endosperm are ¢+ d, making
the grain translucent and hare and tough
enough to withstand milling stresses. This in-
creases the total yield of edible rice and mini-
mizes the number of broken grains.

The colour of the rice changes from white
to a yellow or yellowish brown depending
upon the different process variables, such as
paddy variety, soaking temperature and time,
steaming pressure and temperature, and other
postharvest factors that will be discussed later.
There is little colour difference between raw
and parboiled rice after cooking; however, par-
boiled rice takes a little longer time to cook
to the same degree of softness than raw rice
of the same variety,

Less protein and starch are lost from par-
boiled rice into the cooking water (Ragha-
vendra Rao and Juliano 1970). The diffusion
and heat-sealing of B-vitamins and other water
soluble nutrients into the endosperm during
parboiling and the lesser removal of bran dur-
ing polishing enhance the nutritive value of
parboiled rice. The presence of vitamin E is
particularly noted in parboiled rice (Borasio
and Gariboldi 1965). Slight dextrinization of
the starch and destruction of the lipase enzyme
eccurs during parboiling (Kisan Krishi Yantra
Udyog 1972). The presence of dextrins aids
in digestion of cooked parboiled rice and con-
tributes to the agglutination and firmness of
the cooked product. However, the heat treat-
ment during parboiling causes destruction of
some natural antioxidants, and may result in
increased rancidity of parboiled rice during
storage,

Principles of Parboiling

Theoretically, soaking of paddy can be done
at, or below, its gelatinization temperature.
The lower the temperature used, the slower
is the process of sonking and vice versa (Ab

and Pandya 1974; Bhattacharya and Subba
Rao 19664}. However, the temperature should
not be more than 75 °C, or the paddy will be
cooked. Soaking time can be reduced by sub-
jecting the paddy tu vacuum for a few minutes
before soaking and/or by soaking under pres-
sure in hot water.

Heat for gelatinization of the starch is sup-
plied by saturated steam. The higher the tem-
perature of the steam and the longer the steam-
ing time, the harder the rice and the darker
its colour. Keeping steamed paddy in a heap
is equivalent to prolonged steaming and in-
duces the same effect.

Parboiled paddy may be dried in the shade,
in the sun, or with hot air. Shade drying takes
longer but gives an excellent milling quality.
Rapid drying in the sun or with hot air causes
higher breakage during milling, in continuous
drying, breakage starts as the moisture content
reaches about 18%% and increases rapidly with
further drying (Bhattachurya and Indudhara-
swamy 1967). Therefore, the most eflicient
practice would be to dry in two passes, with a
tempering period, 1o a moisture content of
about 20%.

Soaking of Paddy

Paddy, being a hygroscopic material, can
absorb water both as a vapour and as a liguid,
and thereby swells. The process of simul-
taneous water absorption and swellicg is
known as soaking, steeping, or imbibition. I*
is basically a diffusion process. The movement
of water into the paddy will continue as long
as the vapour pressure inside the grain is less
than that of the soak water and will stop when
equilibrium is reached.

Two conditions appear 1o be necessary for
soaking: (1) a certain affinity must exist be-
tween absorbent and absorbate; and (2) a dJif-
fusion pressure gradient must exist between
the water vapour of the absorbent and that of
the material to be imbibed. The diffusion pres-
sure of dry paddy s practically zero,; therefore,
when it is immersed in water, o steep diffusion
pressure gradient is established and  water
moves rapidly into the grain,
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Mechanism of Soaking

Soaking is the result of different phenome-
na, such as, molecular absorption, capillary
absorption, and hydration (Ali and Ojha
1975a). During soaking of paddy, water mole-
cules first adhere to the surface of the hull and
then penetrate through the micropores of the
hull into the rice kernel where they may be
retained in voids or intergranular spaces due
to capillary absorption. Some of the water
molecules will be absorbed by starch granules;
whereas, others will enter into the lattice of
the starch molecule where they will be hekl
as water of hydration, Experimentally, it is
very difficult to determine precisely what per-
centage of the moisture content is held by each
of the different phenomena (Mohsenin 1968).

Volume and Energy Changes

There is always a concomitant increase in
the volume of paddy with soaking. However,
the final volume of the soaked paddy is always
less than the sum of the initial volume of paddy
and the volume of the water absorbed (Ali and
Ojha 1975; Mohsenin 1968). This is due to the
fact that some of the absorbed water occupies
the minutes spaces in the paddy grain and,
therefore, produces no swelling, Moreover, the
absorbed water molecules are held with a
greater force on the absorbing surface and
occupy less space than when in the free state.

The soaking process always results in the
release of heat. When water molecules are ab-
sorbed a considerable amount of their kinetic
energy is lost as heat. The maximum evolution
of heat occurs during the initial stage of soak-
ing because a large portion of the water ab-
sorbed in the beginning is more firmly ab-
sorbed than water absorbed later. However,
the actual temperature increase during soak-
ing of the paddy is very small and may be
disregarded (Ali and Ojha 19754).

Amount of Water Absorbed

When soaking paddy, it is generally desir-
able 10 know the amount of water that has
been absorbed at a particular temperature over
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a given time. Soaking involves diffusion of
water into a swelling medium accompanied
by immobilization of diffusion substances. In
some cases leaching is also involved.

The relationship between moisture content
of the paddy at different soaking temperatures
and time indicates a direct relationship be-
tween the temperature used and the rate of the
process (Fig. 97). Initially, the rate of soaking
is very high at all temperatures, but it gradual-
ly decreases with increased soaking and tends
to zero at soaking temperatures of 30 and 60
°C as shown in Fig. 98 (Ali and Ojha 19754q).
However, at temperatures equal to or greater
than the gelatinization temperature, following
gelatinization of the starch and bursting of the
grain, the soaking rate again increases. After
some time, the rate decreases and comes to
zero when the starch reaches its equilibrium
moisture content,

The rapid rate of water uptake at the begin-
ning of soaking is due to three reasons: (1)
the hull absorbs water very quickly and be-
comes saturated; (2) the space between the
hull and the rice kernel becomes filled with
water immediately after the commencement
of soaking; and (3) the capillary action of the
shallow pores in the pericarp causes rapid
absorption. The slow increase in the moisture
content of the paddy after the initial stage of
soaking suggests that the absorption of water
by the Kernel itself proceeds more slowly.

The dependence of soaking rate on tempera-
ture may possibly be explained as follows:
(1) Air in the pore spaces of the paddy grain,
which resists water entry, expands and leaves
the pore spaces with the rise in temperature;
therefore, water can replace the air in the
pore spaces; (2) Water is a dipole compound
and is regarded as u polymer of hydrogen
honded water molecules. As the water becomes
warmer, more and more of the hydrogen
bonds are broken. Therefore, with a rise in
soaking temperature, the hydrogen bonds in
the water and the hydrogen bonds in the
starch granules, which hold the micellar struc-
tural units together, tend to dissociate. The
smaller dissociated water molecules at a high
energy level are, therefore, able (o permeate
the weakened starch structure and gradually
hydrate many of the hydroxyl groups of the
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Fi1G. 97. Soaking curves for 1R8 at different temperatures.

starch molecules; (3) Absorption of water by
paddy is a diffusion process and depends on a
diffusion coefficient that increases with the rise
in temperature because of changes in some
of the properties of water, such as, vapour
pressure, viscosity, density, and surface ten-
sion. Therefore, soaking proceeds at a faster
rate at higher temperatures and vice versa.
Figure 99 shows that the absorption of water
by paddy proceeds in two distinct phases.
The first phase of soaking continues until the
paddy gains 24-45% moisture, depending
upon the soaking temperature, The second
phase starts after this, Paddy absorbs water
very slowly when soaked below the gelatiniza-
tion temyperature (30 and 60 °C) and reaches
an equilibrium moisture content (Fig, 100),
but at higher temperatures, when the paddy
grains reach 40-45% moisture content, the
grains start to burst and the rate of soaking
becomes very fast. The moisture content of
the paddy when the first phase of soaking ends
and the second phase starts may be defined as
the critical moisture content in soaking. Its

TasLE 29. Average value of the critical moisture
content (dry basis) of different varieties
of paddy during soaking at various tem-
peratures (Ali and Ojha 1975a).

Soaking
temperature
*C) IR8 Patnai-23 Sitasal
30 40 40 36
60 45 42 42
63 59 43 45
70 60 45 45
75 60 38 57
80 53 57 52

value depends both on the soaking temperature
and the variety of the paddy (Table 29).

Varietal Differences in Soaking
Characteristics

The soaking curves of different varieties of
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Fig, 100. Moisture content versus soaking time for 1R8 at 30 and 60 °C.

paddy are similar to IR8, However, in a study
of three varieties, the rate of soaking was
IR8, Patnai-23, and Sitasal for all soaking
temperatures (Ali and Ojha 1975a). This may
be due to differences in the gelatinization
temperatures and the physical characteristics
of the grains. From the soaking curves it was
inferred that the gelatinization temperature of
IR8 was in the range of 65-70 °C; whereas,
the gelatinization temperature of the other two
grains was in the range of 70-75 °C. The
soaking rate of paddy shows up varietal dif-
ferences and indicates the importance of test-
ing the soaking characteristics of each variety.

Initial Moisture Content Versus Water
Absorption

Experimental results (Ali and Ojha 1975¢)
show that the initial moisture content of
the paddy does not affect its soaking char-
acteristics. Although diifferences may exist in
the initial moisture content of the paddy, the
differences decrease with soaking time. There-
fore, after the paddy is soaked for 2.5, 4, and
24 h at temperatures of 80, 70, and 30 °C,
respectively, the moisture content of the paddy
is practically the same irrespective of the ini-
tial moisture content. This shows that a dif-
ference of 5-10% in the initial moisture con-

tent of the paddy may not make any dif-
ference to the optimum soaking time required
during parboiling, Therefore, different lots of
paddy with different initial moisture conteats
can be mixed safely for parboiling without any
loss in quality or quantity,

Swelling of Paddy d

Soaking of paddy is always associated with
an increase in volume. The change in volume
of paddy at different moisture contents was
calculated by the method of Ali and Pandya
(1974). The moisture content of the paddy
was increased by soaking it in water at 70 °C,
which is the most common temperature used
for soaking in the modern methods of par-
boiling.

The swelling curve (Fig. 101; curve A)
extrapolates to zero at zero moisture content
and also indicates that the swelling increases at
a relatively slow rate up to about 50% mois-
ture content and then increases at a higher
rate. The comparatively slow increase in the
volume of paddy during the first phase of soak-
ing may be due to two reasons: (1) part of
the water absorbed may be utilized in wetting
the hull and filling the space between the hull
and the pericarp and in filling the pore spaces
in the endosperm: therefore, the water pro-
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F16. 101. Relationship between swelling and mois-
ture content for IRS.

duces only a very small increase in the volume
of paddy; and (2) a considerable ainount of the
water is held by molecular absorption and
because of this, an absorption compression
occurs that causes a decrease in the total
volume of the paddy-water aggregate {(Mohse-
nin 1968). The higher rate of swelling above
50% moisture may be due to the bursting of
the grain, which exposes more of the kernel
area to water and enables the paddy to absorb
more moisture. At higher moisture levels, in-
creases in the moisture content of the paddy
result in approximately equivalent volume
increases (Mohsenin 1968).

When percentage swelling is plotted as a
function of moisture gain, by considering the
initial moisture content of paddy to be zero
moisture gain and by calculating the amount
of swelling based on the volume at the initial
moisture content, the curve does not extrap-
olate to zero at zero moisture gain (Fig. 101,
curve B). This is contrary to curve A (Fig.
101). This can be explained by considering the
paddy grain at zero moisture content to be in
a shrunken state. As the moisture content of
the paddy increases, the hull and pericarp
expand until they reach more or less their
normal size, which is their size when the mois-
ture content is in equilibrium with the atmos-
pheric conditions. This moisture content
generally varies from 10 to 20%, depending
upon the atmospheric temperature and relative
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humidity. At this stage, further increases of
4-5% in the moisture content may not produce
any noticeable swelling because the paddy is
at its normal size and resists any change in its
dimensions. As the moisture level continues to
rise, the paddy swells and increases in size until
the hull splits to relieve the stresses caused by
the increasing swelling force. After this, the
swelling proceeds as explained earlier.

Steaming of the Soaked Paddy

The use of steam for gelatinizing the starch
in the paddy grain is preferable to other
methods of heating because it does not remove
moisture from the soaked paddy, rather it adds
moisture by condensation, which increases the
total moisture content of the grain (Gariboldi
1972). The other advantages of steam are that
its high heat content is applied at constant
temperature, it is sterile, and it can be used
to produce power before it heats the paddy.
During steaming, the following points should
be considered (Gariboldi 1972): (1) whether
the steam is saturated or superheated; (2) the
pressure of the steam, which determines the
temperature at which heat is transmitted; and
(3) the steaming time, which determines the
total heat supplied to.the paddy to cause the
gelatinization of the starch.

The total amount of heat applied to the
paddy is equal to the heat provided by the
soaking and steeping water plus the heat
derived from the condensation of steam during
the steaming operation.

The temperature of the steam has a con-
siderable effect on the colour of the rice al-
though the causes are not yet fully understood.

“Apart from the spread of colouring pigments

contained in the husk and bran, it seems that
colouring of the endosperm is caused by ab-
sorption of reducing sugars that react with the
amino acids, and by fusion of the aleurone
layers of the endosperm with the starchy core
(Gariboldi 1972). However, by steaming the
paddy with nonpressurized steam (at 100 °C),
as in the traditional oriental methods, only
small variations are found in the colour and
quantity of soluble starch and in the amount
of swelling of the milled parboiled rice (Gari-
boldi 1972).
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Generalty, saturated steam at a pressure of
1-5 kg/cm? is used for steaming the soaked
paddy in the different methods of parboiling
(Bal et al. 1974). The duration of steaming is
dependent upon the quantity of paddy to be
steamed. For small batches steaming takes 23
min; whereas, larger batches of about 6-8t
take.about 20-30 min (Bal et al. 1974). It has
been-reported that splitting of the husk can be
taken as an indication of completion of the
steaming process (Agrawala 1963; Central
Fooed Technological Research Institute 1969;
Ghaose 1963; Jones and Taylor 1933; Jones et
al. 1946; Mecham et al, 1961) although it is
not a necessary condition and the paddy can
be properly parboiled without any splitting of
the husk (Bal et al. 1974).

The steam requirement per tonne of paddy
parboiled in a modern parboiling plant using
steam at a pressure of 4-5 kg/cm? is about
120 kg for scaking, 60 kg for steaming, and
20 kg in losses (Bal et al. 1974; Central Food
Technological Research Institute 1969).

Drying Characteristics of Steam-Parboiled
Paddy

Drying of steam-parboiled paddy is essential
for proper milling and storing, but it is different
from drying raw paddy because the steamed
paddy has a high moisture content (45-50%)
and is hot. The main aim of the drying process
is to reduce the moisture content to 14-16%
without causing cracks or stresses in the rice
caryopsis, which may lead to breakage during
milling.

The manner in which this excess moisture
is removed is of considerable importance. If
the moisture is removed at a very slow rate,
microorganisms will grow and partially or fully
spoil the parboiled paddy. On the other hand,
if drying is done rapidly and continuously,
cracks may develop and the rice will break
during milling. However, if parboiled paddy is
uniformly dried by any means (shade, sun, or
hot air), practically no breakage will occur.
Improper drying conditions may result in as
high as 100% breakage; therefore, parboiled
paddy should be dried with great care.

It has been reported (Bhattacharya and
Indudharaswamy 1967; Central Food Tech-
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nological Research Institute 1969) that drying
of parboiled paddy in the shade will give less
than 1% brokens; however, if the same paddy
is dried rapidly in the sun or by hot air to the
same moisture level, enormous breakage (20—
1009 ) may occur, It is, therefore, the rate of
drying that is the main factor that controls the
breakage of rice.

When parboiled paddy is dried rapidly, a
steep moisture gradient develops between the
surface and the centre of the kernel, This sets
up a stress, and at a certain stage the kernel
relieves the stress by cracking. These cracks
are irreversible and set up lines of weakness,
along which fractures easily occur under the
mechanical stresses of milling. This behaviour
is also observed in the drying of raw paddy.

During drying, two points are of great
importance. First, breakage does not occur
throughout the drying process. It occurs only
when the moisture content reaches and then
crosses 18% (Bhattacharya and Indudhara-
swamy 1967), no matter how fast the drying
(Fig. 102). After that, breakage increases
sharply. Second, the cracks do not develop
during drying, but over a period of 2 h after
the drying has been terminated (Bhattacharya
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and Indudharaswamy 1967). Drying of par-
boiled paddy should be done in two passes to
avoid the breakage of rice during milling, al-
though some successful experiments have been
carried out in which the parboiled rice was
dried until the moisture content was low
enough for milling (Bhattacharya and Indud-
haraswamy 1967; Rama Rao and Bal 1973). In
actual practice the two methods that are com-
monly used are sun drying and mechanical
drying.

Sun Drying

Drying of parboiled paddy in a drying yard
using the sun’s energy is widely practiced by
both conventional rice mills and small scale
farmers. Through experience and practice over
the decades, the process has been developed
into a highly skilled and efficient method of
large scale drying in spite of major drawbacks,
such as, dependence on weather conditions and
inherent losses during the drying operation
{Bhattacharya and Ali 1970).

In India, as well as in most of the Asian
couatries, drying is carried out on large paved
vards attached to the rice mills. A large num-
ber of workers constantly turn and mix the
paddy with a number of indigenous wooden
implements to achieve rapid and uniform
drying.

The paddy is normally steamed in the eve-
ning and kept on the drying floor in equally
spaced heaps of about 2 quintals (200 kg).
Early the next morning, the paddy is spread to
a thickness of 2-3 cm on the drying floor with
a wide wooden board. After spreading, the
paddy is continuously and systematically
stirred and turned: (1) the spread paddy is
raked into long ridges 20-30c¢m high by
the wooden spade to turn the paddy; (2) the
paddy is thrown in either direction from the
ridges to distribute the paddy uniformly over
the drying area; (3) the paddy is spread by feet
and then combed and stirred by a spiked plank
that levels the paddy layer uniformly over the
drying floor; and (4) the uniformly levelled
paddy is turned by foot.

During these operaiions, the grain is con-
tinnally mixed; therefore, each grain gets
approximately equal exposure to the sum.
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These operations are repeated until the paddy
is evenly dried to a moisture content of about
18-20%. Then the paddy is heaped and
covered with mats or with thick caps made of
straw and tempered for about 2-3 h. The
tempered paddy is again spread and dried for
about 1-2 h in the evening to complete the
drying to 14-16% moisture content. The dried
paddy is heaped on the drying ficor, covered
with straw caps or a tarpaulin, and left in the
yard overnight. The next morning, th2 paddy
ts put into gunny bags and transported to the
rice mill,

In hot and dry weather the paddy dries in a
few hours, while in cold, cloudy, or humid
weather it may take 2 days. During the night,
or when rain comes, the paddy is heaped and
covered. Depending on its size, a mill can
handle 20-100 t of paddy this way every day
(Bat et al. 1974).

Figures 103 and 104 show the general nature
of moisture removal from the grain during sun
drying. The total drying time is about 6-7 h
during summer, and about 9-10 h during win-
ter due to shorter day length and weaker radia-
tion from the sun. The effect of tempering may
be distinctly seen in Fig. 103. The grains are
tempered for about 2-3 h after 5 h of drying
in the sun. There is a steep increase in the
moisture content of the grain after tempering
because of migration of moisture from the
inside to the surface of the grain.

Figure 104 shows the rate of moisture
removal with respect to drying time. This
curve is similar to the one obtained for hot air
drying and shows two distinct zones of drying:
(1) a zone of constant rate drying, which is
limited to just 1 h of drying and a zone of first
falling rate of drying (C-D); and (2) a zone of
second falling rate of drying (D-E).

Grain temperature closely follows floor tem-
perature (Fig. 105). The grain temperature was
approximately 2 C° lower than the floor tem-
perature, and the maximum grain temperature
observed was 36.5 °C. High grain tempera-
tures can cause cracks in the kernel; however,
it appears that the parboiling process hardens
the rice kernel so that the high grain tempera-
ture during the drying process does not pro-
duce cracks in the kernels,

The milling quality of parboiled paddy is not
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affected by sun drying. A total yield of 72.5%
and a head vield of 69% are the average figures
for milling quality of parboiled paddy., There-
fore, sun drying seems to be an effective means
of drying parboiled paddy wherever facilities
for the process are available. Further improve-
ments in both techniques and facilities, which
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Fic. 105. Variation of grain temperature and floor
temperature with time of day (sun drying):
tempering from 13:00 to 15:30; A =
drying floor temperature; and B = grain
temperature

are based on scientific studies, are desirable to
make this method more effective.

Case studies conducted by the Rice Process
Engineering Centre at various commercial rice
mills have shown that the total time required
to dry parboiled paddy is 8-10 h in summer
and 13-15 h in winter (Bal et al. 1974). They
have also indicated that one female labourer
can comfortably handle about 1t of paddy
during the drying operation. From these
studies, the cost of drying was calculated to
be about Rs. 9--10/t of dried paddy. They
assumed that about (.2% of the paddy was lost
to birds, rodents, and insects and corrected for
this loss in their estimate of the drying cost.

Mechanical Drying

Mechanical drying of parboiled paddy is of
quite recent origin. Hot air is forced through
the grain, which evaporates and carries away
the moisture. Louisiana State Unijversity (LSU)
continuous flow driers are usually used for
drying parboiled paddy. The air is heated by
an oil burning furnace or a steam heat ex-
changer. In India, most of the rice mills are
now using the husk as fuel 1. generating the
steam. The steam generated by burning the
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husk obtained during milling is sufficient for
the parboiling and drying operations (see “Esti-
mate of Heat Required for Parboiling”).
_Very little research has been done on the
drying of parboiled paddy; therefore, the pres-
ent method of mechanical drying is based on
the cumulative experience of the engineers and
operators who operate the mechanical driers
under different processing conditions, Pres-
ently, the drying of parboiled paddy is done in
two passes that are separated by a tempering
period. Each pass requires 0.5 h to load the
drier, 2 h to recirculate the paddy while the
hot air is blown through it, and 0.5 h to unload
the drier. During the first stage of drying, the
moisture content is reduced from about 30 to
25%. This is followed by 8-10 h of tempering
to equalize the moisture within the kernels. The
tempered paddy is then dried to 14-16%
moisture during the second pass,

Most of the moisture in freshly parboiled
paddy is surface moisture. The rate of removal
of surface moisture from the grain is depend-
ent upon the evaporating capacity of the drying
air, which increases with temperature, How-
ever, after removal of the surface moisture, the
rate of moisture removal is considerably re-
duced and depends upon the rate of moisture
migration from the centre of the grain to its
surface, which depends on the characteristics
of the grain. Therefore, an increase in the
temperature of drying air at this stage does not
increase the drying rate, Unlike drying raw
paddy, it is possible to use very high tempera-
tures to dry parboiled paddy because of its
increased hardness. To achieve faster moisture
removal, drying air at a temperature as high as
120 °C is being used in commercial parboil-
ing and drying plants (Bal et al. 1974), Due to
the very high cost of the fuels (furnace oil) used
for heating the air, astronomical figures for the
cost of drying parboiled paddy (Rs. 50-
120/t of paddy) have been reported (Bal et al.
1974). From the results of field experiments
conducted by the Rice Process Engineering
Centre, a combination of drying air tempera-
tures has been determined to ensure optimum
performance of the mechanical drier. To re-
move the bulk of the surface moisture during
the first drying pass, the temperature of the
drying air is kept at 95-100 °C, However, dut-

IDRC-053¢ RICE: POSTHARVEST TECHNOLOGY

ing the second drying pass, when moisture
from the inner part of the grain is to be re-
moved, the temperature of the drying air
should be kept at 75 °C because a higher tem-
perature will not increase the drying rate but
will only result in an increased heat loss in the
exhaust air.

Methods of Parboiling

The methods of parboiling may be classified
into three groups (the name in parenthesis in-
dicates where the method was developed or
is being studied):

(1) Traditional methods

(a) Single boiling
(b} Double boiling .
(2) Modern methods being used
(a} CFTRI method (Indian)
(b) Jadavpur University method
(Indian)
{c) Converted process (American)
{d) Malek process (American)
(e) Avorio process (Italian)
{f) Cristallo process (Italian)
(g) Fernandes process (Surinam)
(3} Modern methods under study
(a) Brine solution method (Indian)
(b) Kisan continuous method (Indian)
(c) Pressure parboiling method (Indian)
(d) RPEC method (Indian)
{e) Sodium chromate method (Indian)

Traditional Methods

The traditional process consists of soaking in
water at room temperature for 24-48 h or
more, steaming in kettles, and drying in the
sun. A flow diagram of a traditicnal parboiling
plant is shown in Fig. 106.

Single Boiling Method

Paddy is soaked in ordinary water for 24~
72 h and then transferred to cylindrical iron
kettles for steaming in small batches under at-
mospheric pressure. The parboiled paddy is
then dried in the sun before milling.
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FiG. 106. Flow diagram of a traditional parboiling plant: (A) raw paddy goes to soaking tank directly ¢in

single boiling method); (B) raw paddy goes to steaming kettle for first steaming and then to the
soaking tank (in the double boiling method); (1) raw paddy; (2) steaming kettle; (3) masonry

soaking tank; (4) sun; and (5) drying yard. Flow path of paddy:
soaked paddy; and

stearmed or hot paddy;
paddy is done by manual labour,

Double Boiling Method

In this method, steam is injected into the
raw paddy in the steaming kettle before soak-
ing. This hastens the soaking process. The hot
paddy raises the temperature of the soak water
to 45-50 °C, which reduces the soaking time
to 24 h. Thereafter, soaked paddy is steamed
as in the single boiling method. Sometimes,
the soak water itself is heated to about 50 °C
before the raw paddy is dumped into it. In this
case, the first steaming of the raw paddy is
not required,

The traditional method of parboiling has the
following disadvantages: (1) during prolonged
soaking, fermentation starts and the paddy
acquires a smell; (2} it is conducive to the de-
velopment of mycotoxins, such as alfatoxins,
which are known to be quite harmful to hu-
mans; (3) in the process of drying, loss due to
manual handling and consumption by birds,
rodents, and insects occurs and may amount
to about 1.5-2.0%; (4) sun drying is quite un-
certain and is dependent on bright suany
weather; (5) sometimes an enfire batch of par-
boiled paddy is spoiled because of delayed
drying; (6) unhygienic conditions exist as a
result of people treading on the paddy and
contamination by dust and birds; (7) it re-

raw paddy; - — - first

parboiled paddy. Note: handling of

quires a large area of land for drying; and
(8) its labour requirement is high.

The main hazards that can be expected in
traditional methods are the retention of a fer-
mented smell in the parboiled rice after mill-
ing and the possible development of myco-
toxins. However, parboiled rice is always good
in other aspects. The modern methods being
used in different countries have been very
successful in overcoming the above limitations.

Modern Methods Being Used
C. 7RI Method

This is one of the modern methods of par-
boiling paddy employed in India, Pakistan,
and Ceylon. It was introduced by the Central
Food Technology Research Institute (CFTRI),
Mysore, India, in the mid-fifties. Lafge scale
adoption of this method and production of
parboiled paddy were started with the intro-
duction of mechanical driers (LSU-type) in
modern rice mills during the past few years.
At present a few hundred thousand tonnes of
paddy are parboiled in India by this method.

Parboiling tanks are filled with clean water
that is heated to a temperature of about 85 °C
by passing steam through the coils inside the




180

tank (Fig. 107). Sometimes, hot water is pre-
pared in a separate hot water tank before it is
pumped into the parboiling tanks. The second
process saves time and increases the capacity.
Paddy is dumped into the hot water as quickly
as possible. In a fully automatic system the
paddy is lifted by an elevator and dumped
into the parboiling tanks for soaking. The re-
sulting temperature of the paddy-water mix-
ture in the tanks stays at about 70 °C. The
soak water can be recirculated into the hot
water tank to maintain a constant temperature
of 70 °C. After letting the paddy soak for 3-
3.5 h, the soak water is drained and the water
discharge valve is Ieft open to remove the
water that condenses during steaming. Soaked
paddy is exposed to steam heat by letting steam
at a pressure of about 4 kg/cm? through the
open steam coil. Splitting of the husks usually
indicates completion of the parboiling process.
After the steaming is complete, the paddy is
removed for drying by opening the bottom
door. If a mechanical drier is to be used, the
parboiled paddy is conveyed to the drier by a
conveyor and an elevator. If the parboiled
paddy is to be sun dried, it is transported to
the drying yard either in push carts or in bas-
kets, Mechanical drying is preferable to
sun drying because it saves space and mini-
mizes the cost of production.

Before the paddy is fed into the parboiling
unit, it is desirable to remove chaff, dirt, and
ather impurities by passing the paddy through
a cleaner. Greater cleanliness can be achieved
by washing the paddy in a separate tank before

it is dumped into the parboiling tanks. In this

operation, even light chaff and heavy stones
can be separated from the paddy.

The CFTRI method of parboiling has the
following advantages over the traditional
method of parboiling (Central Food Tech-
nology Research Institute 1969): (1) there is
a reduction in soaking time to 4 h, which con-
siderably reduces the processing time and in-
creases production; (2) the bad smeil is entirely
eliminated; (3) most of the microorganisms
originally present will be destroyed because
the paddy has been soaked in hot water and
steamed; (4) the turnover of capital invest-
ment on the paddy is faster; (5} the rice can
be prepared on short notice depending upon
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FiG. 107, Inside details of a parboiling tank (not
to scale).

the market demands; (6) a yellow colour can
be easily obtained in the rice to suit the needs
of customers; (7} there is a reduction in labour
charges; (8) the water requirement of this
method is smaller than the cold soaking
method because frequent changes of soak
water are not necessary; (9) the yield of rice
is reported to be slightly higher; (10) bran
obtained from paddy parboiled by the CFTRI
process is more stable than bran obtained from
the traditional method; and (11) rice millers
who have used this process claim that paddy
parboiled by the CFTRI method is easier to
shell and suffers less breakage during milling
than paddy produced in the traditional method.

The size of the parboiling plant depends on
the daily requirement for parboiled paddy by
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the rice mill. For example a 2 t/h rice mill
needs a parboiling plant with a capacity of
48 t/day and a 4 t/h rice mill requires a plant
with a capacity of 96 t/day.

During parboiling, the water requirement is
about 1.25 times the weight of paddy to be
parboiled and the requirement for steam is
about 200 kg/t of paddy (Central Foed Tech-
nological Research Institute 1969),

Table 30 lists the main equipment required
for parboiling plants with capacities of 12, 24,
48, 96, and 120 t/day capacity. The flow dia-
grams of these plants are shown in Figs. 108~
111.

Jadavpur University Method

At Jadavpur University, India, studies were
carried out to improve the method of par-
boiling by both batch and continucus tech-
niques. The various operations of the inte-
grated process include mechanical methods for
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Fic. 108. Flow diagram of a 12 t/day parboiling
plant: E = elevator; PBT = parboiling
tank; D = drier; TB = tempering bin;
and RM = rice mill building with receiv-
ing bin.

soaking, steaming, cooling, and drying. These
studies resulted in a reduction in the time re-
quired for soaking to 2.5-3 h depending upon
the age and size of the paddy grains. The
temperature ol soaking varies from 65 to 70

TasLe 30, Equipment required for parboiling plants of different capacities (Radhey and Wimberly 1970).

Capacity of the parboiling plant (t/day)

12 24 48 96 120

Receiving bin (t)

Number 1 1 1 ! 1

Capacity 12 24 48 96 120
Elevator (t/h)

Number ) 1 2 2 2

Capacity 12 24 24 32 40
Holding bin (t)

Number — — 1 i 1

Capacity — — 24 32 40
Parboiling tank (t)*

Number 1 2 4 6 6

Capacity 1.5 7.5 7.5 6,7 8.3
Belt conveyor (t/h)

Number — — 1 1 I

Capacity — — 24 32 40
Drier (holding capacity) {t)

Number 1 1 1 1 {

Capacity 6 12 24 12 40
Tempering bin (t)

Number 2 2 2 3 3

Capacity 6 12 24 32 40
Boiler capacity (kg/h) 300 600 1200 1600 2000

*Parboiling tanks are 25% larger than the tonnage capacity to atlow for swelling during soaking.
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F1g, 109. Flow diagrarm of a 24 t/day parboiling
plant: E = elevator; PBT = parboiling
tank; BC = belt conveyor; D = drier;
and TB = tempering bin.
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FiG. }10. Flow diagram of a 48 t/day parboiling
plant: E = elevator; HB = holding bin;
PBT = parboiling tank; BC = belt con-
veyor; D = drier; TB = tempering bin;
and RM = rice mill.
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Fig, 111, Flow diagram of a 96 or 120 t/day par-
boiling plant: E - elevator; HB = hold-
ing bin; PBT = parboiling tank; BC =
belt conveyor; D = drier; TB = temper-
ing bin; and RM = rice mill.
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°C according to the size of the grain. More-
over, the two steps of soaking and steaming
are done in the same vessel. The steaming
time is reduced to 3-5 min. The short time of
soaking and the elevated temperature elimin-
ate the possibility of fermentation during this
operation and, therefore, reduce the chance of
development of any off-flavour in the rice
product. A flow diagram of the process is
shown in Fig. 112,

In the batch process, the parboiling tank
(souker-steamer tank) is cylindrical, has a con-
ical bottom, and is equipped to discharge the
paddy after the soaking and steaming opera-
tions. The 1ank also has perforated steam pipes
or coils for open steaming. In this process,
the paddy is soaked at elevated temperature,
gelatinized by exposure to open steam for 3-5
min, immediately cooled to room temperature
by a continuous mechanical method, dried in
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before it is milled (Ghose 1963).

The continuous soaker-steamer consists of
a long semicircular jacket with suitable
arrangements for paddy feeding and transpor-
tation and for the discharge of soaked and
steamed paddy. The soaking and steaming
operations are done in separate sections of the
combined equipment. Heating is done either
by condensing flowing steam in the jacket at
low pressure or by passing hot water through
the jacket. Provisions are also made for the
continuous addition of soak water at elevated
temperature,

The parboiled paddy is cooled by allowing
it to fall through a cup and cone type vertical
cooling tower, which has a counter current
air draft. This operation appears to be essential
to prevent browning of the rice during drying,

The rotary drier is composed of a long
cylindrical rotating shell with a number of
steam tubes and longitudinal lifter flights
placed inside the shell. There is also an ar-
rangement for blowing hot air through the
unit; therefore, the parboiled moist paddy is
simultancously dried indirectly by steam in
the tubes and directly by hot air,

The dried paddy discharged by the drier
carries an appreciable amount of heat and care
must be taken to allow the paddy to cool
slowly. This is done by keeping the paddy in a
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closed chamber so that the heat is distributed
evenly and the moisture content becomes
homogeneous throughaut the kernel. This pro-
cess is called aging or conditioning the dried
grain,

This parboiling method has nearly the same
advantages as the CFTRI method over the
traditional method. In addition, the Jadavpur
University method has two more advantages:
(1) the process is continuous; and (2) the par-
boiled rice produced by the process is lighter
in colour because the steamed paddy is cooled
before drying.

Converted Process

This process, which was initiated in 1941~
1942, was the first American parboiling pro-
cess, The product is obtained by a complete
gelatinization of ‘the entire kernel. The par-
boiled product has an amber colour, is com-
plietely vitreous throughout. and has no white
starchy centre.

Soaking in an autoclave begins with deaera-
tion of the paddy by vacuum. This facilitates
saturation and softening of the grain in water.
A pressure {reatment is applied to the soaking
water in the autoclave that in combination
with the vacuum reduces the soaking time to
less than 3 h,

After scaking, the paddy is cooked in a
rotary steam-jacketed autoclave. Applied va-
cuum then frees the grain of excessive water
and the steam pressure is held at less than 1
kg/cm? for about 1 h. Final drying is carried
out in the same autoclave by applying vacuum
and heating with steam.

Malek Process

This method was perfected a little later than
the converted process. The amber coloured
parboiled paddy is prepared by successive unit
operations that leave the grain remarkably
hard. The paddy is steeped in tanks filled with
hot water for 3-6 h. It is then cooked by the
injection of steam into a vertical cylindrical
autoclave that has a truncated cone bottom and
is provided with charging and discharging
ports or valves at the inlet and outlet, re-
spectively. The paddy is moved in and out
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of the autoclave by gravity.

Drying is performed in two stages: (1) ina
steam-heated rotary cylindrical drier; and (2)
in a forced hot air columnar drier at low
temperatures.

Avorio Process

This fully mechanized and automatic par-
boiling process was patented in Italy in 1936.
The paddy is steeped in baskets that are
mechanically submerged by an endless chain
conveyor in a tank of continuously circulated
and aerated hot water.

The duration of steeping is controlled by
regulating the speed of the baskets in the tank
and the total immersion time varies between
50 and 60 min depending upon the rice
variety. After steeping, the paddy is cooked in
pressure autoclaves containing rotating per-
forated cylinders that permit steam to be in-
jected into the paddy, which reduces the cook-
ing time to 15-20 min. The steam pressure
depends upon the temperature and duration
of the operation and varies from 0.5 to 1.0
kg/cm?. Speciat valves or ports control load-
ing and unloading ot the autoclave,

Drying of the steamed paddy is preceded
by a cold air cooling operation. The cooled
paddy is then passed through a series of colum-
nar hot-air driers using air at 4550 °C,

This process, which is well controtied in all
phases of the operation, produces a parboiled
rice with a high head rice yield, excellent
cooking characteristics, and an amber colour.

Cristallo Process

The paddy is first subjected to a special
cleaning in water to eliminate the trash and im-
perfect grains, The ¢leaning takes place in an
open tank in which hot water of controlled
temperature is circulated.

Steaming and drying are performed in the
same rotary auto-pressure autoclave with
vacuum. The steam-jacketed autoclave is also
equipped with a mechanism for uniform dis-
tribution of steam in the autoclave. The opera-
tion is well controlled and produces a range
of products depending upon the varieties pro-
cessed and the market demands.



PARBOILING

Fernandes Process

This process was patented in 1952, The
steeping, steaming, and drying operations take
place in three similarly constructed cylinders.
Each of the horizontal cylinders rotates and
has an internal helical conveyor for movement
of the paddy. At the centre of the rotary
cylinders and extending along their length is a
perforated tube. This tube carries hot water
for steeping in the first cylinder, steam for
cooking in the second, and hot air for drying
in the third cylinder.

Modern Methods Under Study
Brine Solution Method

This is a modified CFTRI method (Shivanna
1971). The modification and other develop-
ments were done at the Research and Develop-
ment Laboratory of the Modern Rice Mill at
Tiruvarur, India, in the latter part of 1969,
The main advantage of this method is & re-
duction in the drying time resulting from a
reduction in the moisture content of the par-
boiled paddy.

In this method, a 15% brine solution (spe-
cific gravity about 1.10) is circulated for 10~
20 min through hot paddy that has been
soaked at 65 °C and has acquired a moisture
conient of nearly 45%. The paddy is then
steamed at a pressure of 3-5 kg/cm?® for 15~
20 min. During steaming, paddy loses moisture
and dries to a moisture level of about 30%%.
The parboiled paddy produced by this method
requires only 2 h of mechanical drying (85-
90 °C air temperature} to bring its moisture
content to 14-16%.

It is claimed that the salt withdraws mois-
ture by osmosis and does not enter the paddy.
The percentage of salt reported on the rice is
negligible (0.03-0.05%). The paddy does not
open during the steaming operation and the
brown rice remains free of dirt, dust, or other
foreign matter. Opening of the husk along the
beam is a unique feature of all methods of
parboiling. Although nonopening of the paddy
is a distinct disadvantage in this process, it may
affect the efficiency of the sheller to a small
exlent,
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Kisan Continuous Parboiling Method

Considering the need for modernizing the
existing parboiling units and the scope for
introducing more plants in India, a simple,
cheap, and versatile unit has been designed to
operate on a continuous basis (Kisan Krishi
Yantra Udyog 1972; Kuppuswang 1972). A
hexagonal tank with {2 compartments is filled
with hot water into which paddy is discharged
from an elevator head, These compartments
are filled in a sequential order starting with
No. 1, and leaving an interval of 15 min be-
tween successive compartment fitlings, By the
time the 12th compartment is filled, the first
one is ready for steaming. By opening the dis-
charge gate, water and padily can be taken
to the dump pit below the tank. This pit has a
perforated floor plate that permits the drain-
age cf water. From this pit a screw conveyor,
with a capacity of 2 t/h, removes the soaked
paddy for steaming. Because each compart-
ment contains only 0.5 t, the pit is emptied in
I5 min. However, at the end of the {5 min
period, the paddy in the second compartment
is emptied into the pit to continue the opera-
tion. Therefore, a series of baiches emptied
from the hexagonal tank continually feeds the
parboiling unit. The size and ratings of the
batches can be modified to suit individual
requirements. The steaming cylinder is o
simple device in which the paddy flows ver-
tically down an annular chamber as a hoti-
zontal flow of steam radially heats and gela-
tinizes the grain. The size and speed of the
paddy flow can be varied as desired.

This unit can be operated both as a con-
tinvous parboiler and as a batch system. The
steaming unit can serve as a paddy drier if hot
air is used instead of steam, Because it is pos-
sible to dry some other cereals in the drier
during the off-season, it is o versatile piece of
equipment that can be optimally utilized
throughout the yeur.

The escaping steam from the parboiler is
used to heat either the water tank or the paddy
soaking tank, If a steam hest exchanger is
employed to produce hot air in a mechanical
drier, steam from the parboiler may be used
in the heat exchanger.
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Pressure Parboiling Method

This method was developed at Tiravarur,
India, in the latter half of 1969 (Shivanna
1971). The principle of the method is the
penetratioii of moisture into the paddy in the
form of water vapour under pressure, which
causes getatinization of the kernel. The paddy
is soaked for nearfy 40 min at a temperature of
85-90 °C and then steamed under pressure for
18 min, The air entrapped inside the rice ker-
nel is driven out by the penetration of waler
vapour; therefore, the presence of white bellies
in the resultant rice is avoided, It is claimed
that the whole parbuiling operation is com-
pleted in 1-1.5 h. The rice obtained by this
method has a pleasing, slightly vellowish, uni-
form colour and is expected 10 have a great
demand in many parts of India. The main ad-
vantages are a reduction in soaking time, an
increase in shelling efficiency {nearly 80% of
the paddy hull splits during steaming), and an
increase in milling outturn because the grains
are rvesistant 10 breakage. Increases in the fat
content of the bran after milling and in the
storuge life of the grain have been observed.
The process should be easy to convert to a
continuous one, and has the potential to be
introduced even in smalt size mills as a re-

placement  for the traditional parboiling
system,
RPEC Method

Parboiling of paddy is a process of gelatini-
zation of rice starch in situ, which requires
moisture and heat {Ali and Ojha 19758, Ali
and Pandya 1974). Moisture and heat can be
supplied to the paddy by souking it in water
that is at or a little above the gelatinization
temperature of the starch, instead of supplying
moisture and heat in two different operations,
namely soaking and steaming, os is presently
done in conventional and moders methods
of parboiling.

Therelore, 1o determine if parboifed piddy
could be produced by supplying moisture and
heat simultaneousty, studies were carried out
at the Rice Process Engineering Centre
LRPEC), Indian Institute of Technology, dut-
ing 1970-1973. The method consists of soak-
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ing the paddy in water, at or a little above the
gelatinization temperature of the starch, for a
suitable period, which depends upon the paddy
varicty. During soaking, the paddy absorbs
moisture and heat and the parboiling process
is completed.

The milling quality of the paddy produced
by the RPEC method is similar to the quality
of paddy parboiled by conventional methods,
und after milling both rices look alike. The
degree of gelatinization of the starch in hot-
soaked parboiled rice was slightly less than in
parboviled  tice produced by conventiona!
methods; however, this reduces the optimal
cooking time. This is a great advantage be-
cause it reduces cooking costs and saves fuel
for other purposes. Both of the parboiled rices,
when optimally cooked, have nearly the same
swelling indices.

The production of parboiled rice by hot
soaking would be more ¢conomicat than con-
ventional and modern methods of parboiling
because it eliminates the steaming operation;
therefore, the boiler, which is one of the most
costly items in a parboiling plant, can be clim-
inated. The water for soaking the paddy can
be directly heated bv a suitable husk or coal
furnace,

Soditm Clhromate Method

To try to controt putrefuctive changes and
minimize the loss of dry matter during cold
soaking, an exXtensive series of studies was
carried out using a variety of additives in the
soak water at the Paddy Processing Research
Centre (Subrabmanyan 1972). It was observed
that oxidizing agents were useful because
they donated small doses of oxygen to the
medium as they were required. Although more
systeniitic work s aceded 1o identify  the
mechanism of their action, the available evi-
dence suggests that they react with the sub-
stanges that are responsible for the foul odour,
retand the action of putrefactive microorgan-
isms and other organisms that lead 1o the loss
of material from rice kernel, and do not affect
the viability of puddy.

The process consists of soaking paddy in
0.05% sodiumy chromate INa.CrQ,) solution
for 40-48h.  This controls putrefuctive
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changes for 3 days. The other operations, i.e.
steaming and drying, are done in the usual
way and no extra costs are involved. There
is absolutely no smell in the soaked paddy,
resultant rice, or bran, ‘

Using this method, it is claimed that a net
saving of Rs. 6-8/t of paddy may be expected
in the cost of operation. If this technique was
combined with the brine solution method, an
additional saving of Rs. 6/t of paddy would
result.

Sequence of Operation fora
Modern Parboiling Plant

To maximize the use of a processing plant
-and its machinery, a process analysis of all the
unit operations is used to determine the se-
quence of the various operations and the utili-
zation efficiency of the handling equipment
(Bal et al. 1974). Preparation of the sequence
diagram requires the application of. various
systems engineering principles, Table 31 gives
the various unit operations of a parboiling
Drocess.

Using Table 31, a detailed flow process chart
was prepared (Table 32). The flow process
chart is the first step in preparing an optimum

sequence diagram of a given system. This chart
illustrates the interaction of one operation or
event with the others, in a sequential manner,
and describes the events and the individual
time requirement of each event. This assures
that the operations do not overlap, and helps
to decide what equipment and machinery is
required for the process.

A sequence diagram is a time schedule of
product movement through the processing
plant, with respect 1o the equipment and ma-
chines, that is expressed in the form of a histo-
gram. This diagram is made with the help of
the flow process chart (Table 32). Figure 113
shows a sequence diagram of a modern par-
boiling and drying plant. This sequence dia-
gram is applicable to the equipment listed in
Table 38 and represents the sequence present-

1y followed in modern rice milling plants.

Effect of Parboiling on the Milling,
Nutritional, and Cooking Qualities of Rice

During raw rice milling, several factors are
generally recognized as probable causes of
breakage of rice, Cracking or checking of the
kernel is known to be one factor, because de-
layed harvesting, threshing, and too rapid

TasLE 31. Details of unit operations in parboiling and drying process.

Time
Operation required Remarks

(1) Cleaning of raw paddy to remove dirt, dust, stones, —_ Time of operation depends upon
chaff, and other impurities the amount of foreign material

(2) Soaking of clean paddy in hot water keeping the 35h
temperature of the paddy-water mixture constantly
at 70°C (recirculate water if required to maintain
temperature) ’

(3) Steaming the soaked paddy, after draining the steep- 20-40min  Time for steaming depends on
ing water, by injecting saturated steam at a pressure quality of paddy to be steamed and
of 4kg/cm? capacity of the boiler

(4) First drying pass, paddy is recirculated in drier and 2h

95 °C air is blown through the paddy
(5) Tempering of paddy in tempering bin to equalize 8h
mojsture

(6) Second drying pass, paddy is recirculated in drier 2h
and 75 °C air is blown through the paddy
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TasLg 32. Flow process chart for 4 t/h paddy parboiling and drying system: V indicates vertical
transportation distance; O operation: — transportation; [ inspection; D delay;

and ¥ storage.

Dis- e
Unit time (h
Chart tance e ()
Process description of sym- moved Stor- Man- Power
existing method bols (m) Oper. Insp. Trans. Delay age h  (kWh) Remarks
Cleaning O 1.00 5.00
Inspection of foreign Par-
matter | 0.62 boiling
process
starts
Loading parboiling tank — 5V 0.50 2.00 .00
Parboiling consisting of
soaking paddy at 70 °C for 7 4.00 4,00 6.00
3.5 h and steaming for 0.5 h
Delay in parboiling opera-
tion due to filling of soaking D 1.00
water and draining the water
Inspection of parboiled paddy [ 0.02 0.02
Unloeading paddy from par-
boiling tank and loading it — 10V 0.50 0.50 1.00
in the drier
Delay in starting the burner D 0.08
and blower of the drier
Drying pass [ O 2.00 200 10.00
Unloading the drier and — 5v 0.50 0.50 1.00
{oading the 1empering bin
Tempering v 8.00
Unloading the tempering - v 0.30 0.50 1.00
bin and loading drier
Drying pass 11 O 2.00 200 1000
Unloading drier to the rice Par-
mill storage - 10 0.50 2,00 1.00  boiling
5Vv) process
ends
Temporary storage before Un-
milling v speci-
fied

drying conditions that all favour cracking al-
ways increase the number of brokens. hinma-
ture and chalky kernels are considered to break
relatively easily., Moisture content and infesta-
tion likewise appear to be contributing factors,
as are the shape and hardness of the kernels.
Rice varieties with short hard grains are usually
considered to be the most resistant to break-

age. The type and design of the milling ma-
chinery influences milling results (Bhatta-
charya 1969; Bhattacharya and Subba Rao
1966). Rice breakage is related to milling con-
ditions, particularly the prevailing relative hu-
midity and temperatures and the extent of mill-
ing {(Bhattacharya 1969).

Progressive milling of raw and parboiled
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Fra. 113, Sequence diagram for a 4 t/h modern parboiling and drying plant: PB = parboiling; TB, =
tempering bin 1; TB; = tempering bin 2; D, = drying pass 1; D. = drying pass 2; and I =

loading and unloading,

rice shows that most of the breakage occurs
during shelling (Desikachar et al. 1967; Rag-
havendra Rao et al. 1967). The grain that re-
mains unbroken after shelling produces few
brokens when separated and polished. Two
facts indicate that breakage is mostly related
to cracked and immature kernels: (1) brokens
practically disappear after shelling; and (2)
the total number of brokens in the sample is
closely related to the total loss in head yield
(Bhattacharya 1969),

The parboiling process is known to reduce
rice breakage, and the improvement in milling
quality is usually attributed to either greater
hardness of the parboiled grain or to the heal-
ing of cracks. It has been established that
cracks, incomplete grain filling, and chalkiness
are completely healed during the parboiling
process, apparently because of realignment
and cementing of the grain constituents after
starch gelatinization. Improvement in milling
quality is evidently related to this phenomenon,
and ideally, breakage should always be negli-
gible after parboiling,

The most beneficial effect of parboiling is
an increase in the head yield of paddy that
has very poor milling quality either because
of varietal characteristics or because of had
postharvestf processing operations. There is a
slight increase in the head yield of paddy that
has good milling quality; however, in this case
the net increase in the total yield of rice as a
result of parboiling is fairly small.

During polishing, both the percentage’ of
polish and breakage increase with time, but
parboiled rice takes longer than raw rice to
attain the same degree of polish (Fig. 114).
Both raw and parboiled rice can be polished

to 4-5% in a relatively short time; however,
prolonged polishing is necessary to obtain
higher levels of polish, This indicates that the
outer bran layers are easier to abrade than the
inner aleurone and endosperm layers (Ragha-
vendra Rao et al. 1967). Breakage during
polishing is lower in parboiled rice than in raw
rice; however, parboiled rice requires three to
four times as much abrasive load as raw rice
to attain the same degree of polish (Ragha-
vendra Rao et al. 1967). The effect of increas-
ing the degree of polish on the breakage of raw
and parboiled rice is shown in Fig. 115, Break-
age during polishing increases steadily in the
case of both raw and parboiled rice although
the increment is more rapid in raw rice {Rag-
havendra Rao et al. 1967).

Removal of bran colour during polishing is
faster in parboiled rice (especially red varieties)
than in raw rice (Raghavendra Rao et al.
1969). The bran colour may be extracted from
a 2-g sample of rice, polished to different de-
grees, by an alkaline methanol solvent (Rag-
havendra Rac et al. 1967), Loosely adhering
bran is first removed by washing and decant-
ing with 10 ml of water. The colour is then
extracted by boiling the rice for 10 min in two
successive 25-ml lots of 5% sodium carbonate
solution. Twenty millilires of methanol are
added to the combined extract to prevent tur-
bidity. The colour of the filtrate is measured in
a photoelectric colourimetre at 420 my (No.
42 filter). The amount of bran colour extracted
from shelled rice is taken as 100, and the
amount of bran colour 1ecmoved at any degree
of polish is determined by measuring the resid-
val colour in the rice. It has been noticed that
parboiled rice needs to be slightly less polished
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than raw rice to have the same minimum con-
sumer acceptability. Figure 116 shows that to
achieve an equal degree of surface bran re-
moval, parboiled rice must be subjected to less
polishing than raw rice (Raghavendra Rao et
al. 1967). For instance, for 80% bran removal,
the level of minimum consumer acceptability,
parboiled rice must be polished to about 3%
whereas, raw rice must be polished to about
4%.

Bran from parboiled rice can be peeled off
as flakes, and it contains less starch and more
oil than raw rice bran. This shows that par-
boiling not only facilitates dehusking but also
helps in the separation of surface bran without
the loss of endosperm, although both a high
abrasive pressure and a longer time may be
required for polishing.

The amount of bran sticking to the rice is
determined by the abrasive or scouring force
used and the polishing time. The former con-
trols the amount of bran scoured; whereas, the
latter determines the amount of bran sieved
through the perforations of the screen. The

use of a high abrasion force with a short polish-
ing time helps to remove more bran from the
rice, but does not allow sufficient sieving time.
If the polishing operation is prolonged after
removal of the polishing load, the sticking
bran gets brushed and sieved through the
screen (Desikachar et al. 1967, Raghavendra
Rao et al. 1967). In a commercial rice mill, the
difficulty caused by sticking bran can be over-
come by using a large number of polishing
units so that sufficient brushing and sieving
time is permitted. High moisture content en-
hances the tendency of the bran to stick to the
rice; however, by running the machine longer
with no extra load and increasing the sieving
time, this difficulty can be eliminated.

It is pertinent to point out that the problem
of bran stickiness is serious only in the milling
of parboiled rice, and not in the milling of raw
rice. Histological studies have shown the pres-
ence, in parboiled rice, of ¢il globules that are
damaged and burst; in raw rice, the oil appears
as roundish globules. Smearing of oil at a level
of 0.5% on the surface of rice increases bran
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stickiness in both raw and parboiled rice (Ma-
hadevappa and Desikachar 1968b; Ragha-
vendra Rao et al. 1967).

Parboiling restores the milling quality of
both damaged raw and parboiled paddy. Par-
boiling is an excellent tooi for salvaging the
milling quality of paddy that has been inad-
vertently damaged by sum, rain, or faulty dry-
ing or paddy that contains a high proportion
of immature kernels, which would otherwise
be extremely fragile and would fragment dur-
ing milled (Bhattacharya 1969; Battacharya
and Subba Rao 1966a).

If the degree of poiish is restricted to the
levei required for minimum consumer accepta-
bility (8052 of bran colour removed), par-
boiling increases the total yield by 1-1.5%
and the yield of marketable rice by about
3.5%. Marketable rice is rice that does not
contain brokens smalier than one quarter the
size of the original. The profits obtained from
the increased yield of rice by parboiling are

almost neutralized by the increused processing
costs. Therefore, parboiling will fetch profits
only for those varieties that suffer high break-
age in the raw state and cannot be milled
economically.

Effect of Parboiling on the Nutritional
Value of Rice

An average chemical composition of rice
is shown in Table 33. It indicates that the
concentration of nutrients in the bran is higher
:han in either raw or parboiled rice. Because
bran is an admixture of the outer layers of the
rice kernel, it appears that most of the nutri-
ents are presemt in the outer layers of the
shelled rice (Tables 34-36), Table 36 shows
the approximate losses of important nutrients
during milling (FAQ 1954).

The loss of nutrients during milling is re-
duced to a certain extent by parboiling. It has
been clainted that parboiled rice contains more
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Fig. 116, Percentage of bran colour removed at
different degrees of polish of red (kar)
rice,

vitamins, proteins, and minerals and loses fewer
nutrients during cooking than raw rice. The
high nutritive value of parboiled rice may be
due to: ¢1) the diffusion and heat sealing of
vitamins and other nutrients into the endo-
sperm; and {2} the low degree of polish re-
quired for consumer acceptability, which
means that less bran and nutrients are re-
moved.

Parboiled rice contains less oil or fat com-
pared to raw rice because the soaking opera-
tion brings about certain enzymatic changes
that release oil from the combiped state in
which it is present in the rice kernel; subse-
quent steaming causes the oil to mave 10-
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wards the periphery of the kernel, which is
removed with the bran during milling.

Effect of Parhoeiling on Cooking Quality
of Rice

The cooking quality of rice may be ex-
pressed with respect to: time of cooking; swell-
ing capacity; expansion ratio; colour; solids in
gruel; and pastiness.

Time of Cooking

Raw rice cooked in boiling water needs
about 15-20 min to become fully cooked;
whereas, parboiled rice requires 30-40 min to
be cooked to a comparable degree of softness.
Raw rice cooked beyond 20 min continues to
absorb water, but the grains lose their shape,
become almost flat, burst along the ventral
line of fusion, and become pasty (Kurien et
al. 1964; Mahadevappa and Desikachar
1968a).

Swelling Capacity

This is the ratio of the final to the initial voi-
ume or weight of the rice. The water absorp-
tion capacity, as reflected by the sweiling ratio,
is significantly lower for parboiled rice than
for raw rice cooked for the same period. How-
ever, samples of raw rice and parboiled rice
cooked to an equivalent degree of softness
show that parboiled rice can absorb more water
without losing its shape (Mahadevappa and
Desikachar 1968h). Raw rice cooked for 15
or 20 min has a lower swelling ratio than par-
boiled rice cooked for 30 or 40 min, re-
spectively. Semiparboiled rice has a swelling
capacity between that of raw and parboiled
rice.

Expansion Ratio

This is the ratio of the dimensions of the
cooked and uncooked rice. The expansion
ratios both along the length and breadth of
parboiled rice are lower than the ratios for
raw rice cooked for the same period (Ma-
hadevappa and Desikachar 1968b), At an
equivalent stage of softness, the parboiled




TaeLE 33. Compesition of rice and its miling products (Houston and Kohler 1970).

Carbohydrate Minerals and vitamins (mg/100 g)
Water  Protein Fat Ash Total Fibre Cal- Phos- Potas- Thia- Ribo-
€0 0 (o) (5%} €5 ) cium photus fron  Sodium sium mine flavin  Niacin
Brown f20 7.5 1.9 | 34 774 LAY 32 111 1.6 9 214 0.34 0.05 4.7
White fully
matted (common} 120 6.7 0.4 0.5 804 0.3 24 94 0.8 5 92 0.07 0.03 1.6
White fully
ikl (waxy) 13.2 56 09 0.5 9.8 0.3 36 100 20 10 130 0.07 0.04 20
Ensched. all types 12.0 6.7 4 0.5 804 0.3 24 94 (2.9 § 92 (0.44) (-) (3.5)
parboibed 103 7.4 0.3 0.7 81.3 0.2 60 200 (2.9 9 150 (0.44) (—) (3.5}
precocked 26 7.5 0.2 0.2 82.5 0.4 5 63 {29) 1 — (0.44) (—) {3.5)
Rize bras 9.7 13.3 15.8 10.4 50.8 its 76 1386 19.4 trace 1495 2.26 0.25 29.8
Rize poish 9.8 t2t 128 7.6 517 24 69 1106 16.1 tfrace M4 1.84 0.18 28.2

waprt . Values in parentheses for iron, thiamine, and niacin are based on mininum level of enrichment specified in standards of identity. Those required for ribofluvin are presently nat in effect.

ONITIOEdVd

£61
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grain has expanded more along the breadth
than raw rice. Differences in expansion along
the breadth are significant; those along the
length are not.
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TaBLE 34. Comparative percentage distribution of
thiamine and niacin in rice (Central Food
Technological Research Institute 1569).

Thiarnine Niacin
Colour Pericarp, seed coat,
and aleurone layer 3450 85.50
Parboiling changes the characteristics and Outer endosperm 4.30 7.80
appearance of the milled rice, but when Inner endosperm 3.70 4.50
cooked by boiling, the kernels are almost as Embryo 10.80 0.60
white as raw rice. Scutellum 47.00 1.60
Tasre 35. Weight and protein content of successively removed fractions of shelled rice
{Houston and Kohler 1970).
Total
Total Amount cumulative
Kernel cumulative of total amount
weight weight Protein in protein in of protein
removed removed fraction fraction removed
452 452 16.24 8.36 8.36
5.60 10.12 210 13.41 21.77
5.54 15.66 i9.64 12.39 34.16
3.88 21.54 17.37 11.63 45.79
5.56 27.10 15.05 9.53 55.32
6.32 33.42 12.38 8.91 64,23
4.88 38.30 10.12 5.63 69.85
312 41.42 8.60 3.05 7290

TaBLE 36. Approximate percentage losses of impor-
tant nutrients during milling (FAQ 1954),

Losses during milling
(% of total)

Protein 15.0
Fat 85.0
Calcium 90.0
Thiamine 80.0
Riboflavin 70.0
Niacin 68.0
Pantothenic acid 62.0
Pyridoxine 56.0

Solids in Gruel

The loss of solids into the gruel is greater
tn raw rice than in parboiled rice because the
starch is gelatinized in parboiled rice. Semi-
parboiled rice has an intermediate amount of
loss.

Pastiness

Parboiled rice cooks more flaky than raw
rice because of gelatinization. Storage or age-
ing of the rice also improves this character-
istic (Desikachar et al. 1969; Desikachar and
Subrahmanyan 1959).

Parboiled rice grains, after cooking, appear
larger than cooked raw rice grains of the same
variety and give the impression that they are
coarse, bold-grained strains (Mahadevappa
and Desikachar 1968a). This could be due to
differences in the time needed for cooking, the
water absorption capacities, and/or changes
in the dimensions of the grains as a result of
parboiling. Because parboiling and the subse-
quent gelatinization harden the grain, it needs
a longer time to cook to a soft consistency and
swells more during this period without disinte-
gration, The intrinsic water absorption rate of
parboiled rice is low, Raw rice, on the other
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hand, imbibes water more quickly and loses
its physical structure, because of dispersal of
the cell contents, when it is cooked beyond 20
min. The visual appearance of the grain de-
pends on the ratio of its length to its breadth
or thickness. The relatively greater expansion
of parboiled rice along its breadth after cook-
ing gives it a characteristic short and plump
appearance (Mahadevappa and Desikachar
19685b).

Effect of Processing Conditions on the
Quality of Parboiled Rice

The process of parboeiling involves soaking
and steaming, which cause swelling, and dry-
ing, which causes contraction. Incomplete
shrinkage during drying may also cause an
overall change in the dimensions of the grain.
The average breadth of parboiled rice is
greater than raw rice of the same variety.
Microscopic examination shows rounding of
the germ tip of the milled parboiled rice grain
(Mahadevappa and Desikachar 1968a,b).
This may account, in part, for a slight shorten-
ing in the length of the grain due to parboiling.
The slightly lower degree of polish generally
given to parboiled rice may be responsible for
the slightly greater breadth of the parboiled
rice grain.

The soaking of paddy in hot water at 60-65
°C significantly reduces the swelling capacity
of the rice. The steaming operation that fol-
lows the soaking further reduces the swelling
ratio; the longer the steaming period, the lower
the swelling quality of the rice. The rate of
decrease in the swelling quality, as a result of
steaming, is observed to be greatest in a first
10-15 min of steaming. Although an increase
in the period of steaming might harden the
grain and result in a higher yield of head rice
during milling, the swelling quality of the rice
wotuld be adversely affected.

The combined severity of the heat treat-
ments during parboiling is clearly the main
factor that determines the cooking quality and
colour of parboiled rice. Soaking at a relatively
low temperature (below 70 °C) for the mini-
mum time required, using a minimum degree
of steaming, and quickly cooling the steamed
paddy are thus necessary if a parboiled rice
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with soft cooking quality and little colour is
desired. Quick cooling after parboiling may be
the most important factor in industrial scale
operations. The reverse conditions are neces-
sary to produce a hard rice with a lot of colour.
However, there are some indications that
steaming has relatively more effect on the
cooking quality; whereas, soaking temperature
has more effect on the colour (Bhattacharya
and Subba Rao 19665).

Discoloration during parboiling is chiefly
due to nonenzymatic Maillard-type browning
that can be inhibited by bisulfite; however,
other factors also seem to be involved. The
effect of soaking temperature and time, and
steaming pressure and time on the whiteness
of parboiled rice are shown in Fig. 117 (Jayan-
arayana 1965). A part of the bran is embedded
in the endosperm during soaking and steam-
ing. This bran layer will undoubtedly add to
the colour of the rice, and the colour itself
will be darkened by the Maillard reaction be-
cause the bran is rich in free sugars and amino
acids. The husk pigment may also contribute
colour by diffusion into the endosperm or by
absorption into the grain if the grain splits
during soaking. The husk pigment has been
found in many grains during soaking. In many
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Fic. 117. Effect of processing variables on the
colour of parboiled rice: A = soaking
temperature (°C); B = soaking time (h);
C = steaming pressure (kg/em?): and
D = steaming time {min).
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varieties of paddy this pigment is appreciably
soluble in hot water and is readily absorbed
by milled raw rice if it is cooked in the husk
extract, These two factors may partly explain
the strong colour inducing effect of high tem-
perature soaking. '

The pH of the soaking medium also has an .

effect on the colour of parboiled rice. Dis-
coloration increases on either side of pH 4.5
{Jayanarayana 1965).

Changes in Parboiled Rice
Dauring Storage

Parboiled rice may be stored in open or
sealed containers. During storage, changes
occur in moisture content, colour, composi-
tion, and oil fraction.

Moisture

The moisture content of rice stored in the
open soon becomes equal to the moisture level
of the surrounding air. The rice loses moisture
faster and to a greater extent as the storage
temperature is raised; therefore, the moisture
content becomes different from samples of the
same rice kept in closed storage.

Colour

Parboiled rice has a light to medium amber
colour. The colour of dry whole-grain par-
boiled rice may be measured on the Hunter
colour and colour-difference metre. Colour
differences, E, are calculated from the meas-
urements, using culour values of the original
rice samples as standards (Houston et al.
1956).

Colour changes of parboiled rice are marked
by a slight initial increase followed by little
or no change over a period of about 1 year at
room temperature (25 °C) in either open or
sealed storage (Fig. 118). Rice exposed to light
darkens slightly more than rice in the dark, At
38 °C colour differences again show an initial
rise {Fig. 119). Little change takes place until
about 4 months, and then progressive darken-
ing begins and continues, During this phase
rice in sealed storage becomes browner than
rice in open storage. At 60 °C (Fig. 120) the
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distinction between open and secaled storage
becomes significant. Open storage samples
soon dry down to about 3% moisture content
and show a moderate, gradually decreasing
rate of browning. Sealed storage rice, with the
original moisture content, continues to darken
and finally becomes a deep mahogany brown.

Compositional Changes

Sulfur dioxide added during parboiling in-
hibits browning but does not delay rancidifica-
tion and it gradually disappears during storage
(Houston et al, 1956)., Because the sulfur
dioxide disappears more rapidly in sealed
storage it does not evaporate. The losses of
reducing sugars are about the same at 25 and
38 °C, but at 60 °C losses increase appre-
ciably, These losses are also greater in closed
storage, which is consistent with colour devel-
opment. A reduction in the amount of avail-
able amino nifrogen also occurs.

Deteriorative Changes in Oil Fraction

Qil may be present as less than 1% of the
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grain, yet have marked effects on acceptability
because of rancidity development. Both hydro-
Iytic and oxidative rancidity may occur: hydro-
lytic action is favoured by high moisture con-
tent; oxidative action is favoured by low
moisture (Houston et al. 1954).

Changes in the oil fraction of stored par-
boiled rice have been used as criteria for loss
in quality. Rancidification and nonenzymatic
changes in the oil of stored parboiled rice may
be measured by peroxides, monocarbonyl cotn-
pounds, and free acids.

Open Storage in Dark

In open storage, values for peroxides, mono-
carbonyls, and free acids remain low during an
induction period, then rise markedly at or just
before the time when a rancid odour is de-
lected (Fig. 121-123). Peroxides and mono-
carbonyls then decrease to low residual values
and rancidity disappears. Free acid values re-
main at the high level or continue to increase
slowly. 'The monocarbonyl maxima occur at
about 1 year at 25 °C, at about 1 month at 60
°C, and at about 1 week at 82 °C.
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FiG. 123. Changes in the oil during open storage
in the dark at 60 °C.

Sealed Storage in Dark

In closed storage at 25 and 38 °C peroxide
and monocarbonyl changes are similar to those
for open storage although the induction peri-
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ods are longer. At 60 °C no rise 1s shown. Free
acidity increases linearly for considerable peri-
ods at all three temperatures (Fig. 124-126).

Storage in Light

Light has a considerable effect in reducing
the storage life of parboiled rice maintained
at room temperature (25 °C). Rancidity starts
during storage if the storage area is well lit
{(Houston et al. 1954, 1956), The differences
between samples in open and in sealed storage
are apparently less than the differences found
between samples kept in dark storage condi-
tions.

Studies have shown that the storage life of
parboiled rice is dependent not on variety but
on processing treatments. Therefore, it is pos-
sible to modify both the keeping quality and
the appearance of the commercial product by
varying the manufacturing process.

Estimate of Heat Required for Parboiling

To calculate the total heat required for par-
boiling a tonne of paddy, the following as-
sumptions were made: (1) paddy moisture in-
creases from 16 to 50%; (2) bulk density of
paddy = 580 kg/m?; (3) porosity of paddy =
50%; (4) temperature of water for soaking =
30 °C; (5} initial paddy temperature = 25 °C;
(6) paddy-water mixture temperature = 70
°C; (7) paddy temperature just after soaking =
65 °C; (8) paddy temperature just after steam-
ing = 100 °C; (9) heat lost while steaming =
20%; and (10) specific heat of dry paddy =
0.4 Kcal/kg-°C.

Seaking Operation

The total water required for the soaking
operation is

W=Wd(m-—my) +Wp

where: W = weight of water (kg); Wd =
weight of paddy (kg); m = final moisture
content (% }; m, = initial moisture content
(% ); and Wp = weight of water required to
fill the pore spaces (kg).
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For one tonne of paddy,

1000
W = 1000 (50 ~ 16) + 0.5 X —o- X 1000
= 340 + 862
— 1202 kg

Adding 10% extra to account for losses during
the operation, the total amount of water re-
quired = 1202 + 120

= 1322 kg.

The amount of heat (Kcal) required to raise
the temperature of the water from 25 to 90 °C
= 1322 X (90 — 25) = 85 930 =~ 86 000 Kcal.

Steaming Operation

The heat gained by paddy during the steam-
ing operation is

E=wyXCyXT+wyXCp, XT

where: E = heat gained by paddy during
steaming (Kcal); w, = weight of dry paddy
(kg); C, = specific heat of dry paddy (Kcal/
kg-°C); T = temperature difference between
the steamed and soaked paddy (C°); w, =
weight of water in soaked paddy (kg); and
(', = specific heat of water (Kcal/kg-°C).
Therefore, E

=667 X 0.4 X (100 —65) +333 x 1
X (100 — 65)

= 267 X 35 4+ 333 x 35

= 9345 + 11655

=. 21 000 Kcal

Adding 20% extra for the heat losses during
steaming, E = 21 000 - 4200 = 25 200 Kcal.

Drying Operation

Assumptions: (1) moisture to be removed
= 50 to 16% (2) total drying time = 4 h;
(3) holding capacity of the drier = 7t; (4)
airflow rate = 350 m3/min; (5) average at-
mospheric air temperature = 25 °C; and (6)
drying air temperature = 80 °C,

Heat required to raise the air temperature
from 25 to 80 °C is

Ed=AXdxCxt

where: Ed = heat required to raise the air
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temperature (Kcal); 4 = airflow rate {m3/
h); d = density of the air (0.865 kg/m?);C =
specific heat of the air (0.24 Kcal/kg-°C);
and t = temperature rise (C°).

Therefore,

Ed = 21 000 x 0.865 X 0.24 X (80 — 25)
= 21000 x 11.42
== 239 820
= 240 000 Kcal

For 4 h of drying the total heat requirement
= 240 000 X 4 = 960 000 Kcal. For drying 1
t of paddy the heat requirement (960 000/7)
== 137 143 Kcal 2 137 200 Kcal. Therefore,
the total heat requirement for parboiling 1 t of
paddy equals the heat required for soaking,
steaming, and drying = 86 000 + 25 200 4-
137 200 = 248 400 Kcal =2 249 000 Kcal.

Fuel Value of the Paddy Husk

The average caloric value of the husk is
3000 Kcal/kg. On the average a paddy variety
vields about 20% husk by weight. Therefore,
the total husk obtained from 1 t of paddy will
be 200 kg and the total heat content of this
husk will be 600 000 Kcal. Assuming a 45%
efficiency of the husk fired boiler, the heat
available from the husk will be 270 000 Kcal.
This shows that the total husk content of the
paddy is sufficient to provide all the heat re-
quired for the parboiling operation. In India,
there are some rice mills which are parboiling
pagdy using only the husk as fuel; however,
they utilize the same boiler for generating the
steam that is used for heating the drying air in
the steam heat exchangers,

Cost Analysis (Bal et al. 1974)

Conventional Parboiling Plant (4 t/h)

The flow diagram of a parboiling plant is
shown in Fig. 106. The following assumptions
were made in the calculation of the parboiling
cost (based on prices during the period 1972~
1973):

(1) Cost of equipment and accessories
(Table 37) = Rs. 210 000;
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(2) Cost of land, buildings, and civil works
{Table 37) = Rs. 400 000;

(3) Life of the equipment and accessories =
10 years;

(4) Life of the buildings etc, = 25 years;

(5) Number of working days per year ==
250 days; ‘

(6) Number of productive working hours
per day = 20 h;

(7) Resale valee = 10%:;

(8) Interest on capital = 10%;

(9) Electricity = Rs. 0.70/1;

{10) Fuel = husk;

(11) Cost of fuel per tonne of paddy pro-
cessed = nil.

(12) Staff: {a) one manager = Rs. 600.00;
(b) one assistant manager = Rs. 400.00; (c)
one cashier = Rs. 300.00; (d) three clerks =
Rs. 750.00; (e) one chief mechanic = Rs.
400.00; (f) three watchmen = Rs. 450.00.
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Total cost per month = Rs. 2900.00.

The expenditure on stafl is equally allocated
to parboiling and milling units.

(13) Staff for parboiling and drying units
only: (a) one boiler operator = Rs. 300.00;
(b} three helpers = Rs. 600.00. Total cost per
month = Rs. 200.00;

(14) Labour: (a) loading and soaking tanks
= Rs. 0.06/bag; (b) sun drying labour =Rs.
2.00/t; {c) repair and maintenance = Rs.
0.90/t;

(15) Quantity of paddy processed per day
(4 x 20) = 80 t/day;

(16) Quantity of paddy processed per year
(80 x 250) = 20 000 t/year.

Calculation of Fixed Costs

(1) (a) Depreciation on plant and ma-
chinery

TabLE 37. Equipment and cost estimate for a conventional 4 t/h parboiling plant.

Item/equipment Size Quantity Cost (Rs.)
Land — 1.2 ha 60 000
Masonry soaking tanks (3m X 5m X 1.5 m) 160t 4 40 000
Steaming kettles (1.5 m dia. X 3 m high) 1t 8 25000
Water pump 14t 1 2000
Drying yard @ Rs. 16/m? 75000 m* 1 120 000
Godown @ Rs. 150/t, cost equally allocated to milling
and parboiling unit 1600 t 1 120 000
Tube well — 1 10 000
Boiler with accessories 1000 kg/h i 150 000
Electrification — — 2000
Platform scales 1-t capacity i 2000
Compound wall @ Rs, 30 per running metre equally
allocated to milling and parboiling 600 m — 9 000
Office @ Rs. 320/m? equally allocated to milling and
parboiling I5mX5m } 12 000
Boiler house @ Rs. 200/m? 1I5mX8m ! 24 000
Foundations, civil works, pipe fittings, etc. -— — 10 GO0
Trollies with hopper bottom and pneumatic wheels for
transporting paddy and paddy handling and stirring
equipment, such as, baskets, spades, etc. — — 10 000
Miscellaneous — — 15 000

Total capital investment

611 000 (610 000)
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= (210000 — 0.1 x 210000)/10
= Rs. 18 900/ year
(1) Depreciation on land, building,
and civil works
= (400 000 — 0.1 x 400 000)/25
= Rs. 14400/ year
Total depreciation on the plant
= Rs. 33 300/ year
{2) Interest on capital invested
= 0.5 (610 000 + 0.1 X 610 000)
(0.10)
= Rs. 67 100/ year
(3) Annual maintenance
= Rs. 1500/ year
Total fixed cost per year
= (1) +(2) + (3)
= Rs. 101 200/ year

Calculation of Variable Costs

(1) Cost of electricity
= Rs. 0.70/t
(2) Cost of labour
(a) Loading and soaking tank
= Rs. 0.81/t
Cost of labour for steaming
= Rs. 1.35/t
Cost of labour for sun drying
== Rs. 2.00/t
Total cost of labour = (a) + (b) + (¢)
= Rs. 4.16/t
{3) Cost of office and other staff
= Rs. 0.5 (600 + 400 + 300 + 750
+ 400 + 450) 4 (300 + 600)
= Rs. 6.5 (2900) + (900)
= Rs. 1450 + 900
= Rs. 2350
Cost per tonne
= Rs. 2350/2400
{2400 t of paddy is processed per
month)
= Rs. 0.98
(4) Cost of fuel
= nil
(5) Repair and maintenance
= Rs. 0.90/t
Total variable cost
= (1) +(2) + (3) + (4) + (5)
= 0.70 4+ 4.16 + 098 + 0 + 0.90
= Rs. 6.74/t

(b)
{c)
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Therefore the total cost of parboiiing and
drying per tonne of paddy
= fixed costs + variable costs
== Rs, 101 900 x (1/20000) 4 6,74
= Rs. 5.10 4+ 6.74
= Rs 11.84

Modern Parboiling Plant (4 t/h)

The flow diagram for the parboiling and
drying plant is shown in Fig. 110. The follow-
ing assumptions were made in calculating the
cost of parboiling.

(1) Cost of equipment and accessories
(Table 38) = Rs. 550 000

(2) Cost of building and civil work (Table
38) = Rs. 190 000

(3) Life of equipment = 10 years

(4) Life of building = 25 vears

(5) Number of working days per year =
250 days

(6) Resale value = 10%

(7) Interest on capital = 10%

(8} Electricity = Rs. 0.70/t

(9) Fuel = husk

(10) Cost of husk per tonne of paddy pro-
cessed == nil

(11) Labour: (a) contract labour for loading
tanks Rs. 0.04/bag of about 75 kg; and (b) five
trained operators to operate parboiling plant
and driers per shift Rs, 4,80 each.

(12) Staff: (a) one manager = Rs. 750; (b)
one assistant manager == Rs. 500; (¢} one head
mechanic = 500; (d) four clerks = Rs.1000,
Total = Rs. 2750/ month. The permanent staff
is equally allocated to the parboiling and dry-
ing plant and the rice mill.

Calculaiion of Fixed Costs

If the parboiling plant works 20 h/day then
the total quantity of paddy processed per year

=4 x 20 X 250
= 20 000 t/year

(1) Depreciation on plant and machinery
= (550 000 — 0.1 X 550 000}/ 10
= Rs, 49 500/ year
Depreciation on building and civil
works
= (190 000 — (.05 x 190 000)/25
= Rs, 7220/ year
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Tabie 38. Equipment and cost estimate for a modern 4 t/h parboiling piant.

Item/equipment Size Quantity  Cost (Rs,)
Scalper precleaner 6t/h 1
-Holding bin, hopper bottom 32t 1
Parboiling tanks (1.8 m dia. X 2.7 m high) with
perforated steam pipes 6t each 6
Steam pipes
Hot water tank — 1
Bucket elevator 32t/h 1
Belt conveyor 32t/h | 200000
Hot water pump 281/s 1

Foundation aned civil works — o
Pipe works for steam and water — —
Electrical works — —

Stee! structure with platform and roof for the plant e —

Mectanicai driers 10 t each 2
Bucket elevators for the driers 20t/h 2 200 000
Tempering bins 20 t each 2
Boiler (husk fired) with accessories 1000 kg sieam/h 1 150 600
Godown @ Rs. 150/t, cost is equally allocated to
milling and parboiling unit 1600 ¢t 120 000
Tube weil —_ i 10 600
Office @ Rs. 300/m?, cost is equally allocated to
milling and parboiling unit 125m X 8m ] 15000
Boiler house @ Rs. 200/m? 15m X 8&m i 24000
Miscellaneous 20 000
Total capital investment 139 000 (740 GO0y
Total depreciation on the plant Calculation of Variable Costs
= Rs, 56 720/ year
(2) Interest on capita! invested (1) Cost of electrical energy = Rs. 0.70/t
= 550000 + 0.1 x 550 000 + )
190 000 + 0.05 X 190 000) (0.10) 2 Costof labour for: =
=Rs. 80 450/ year (a) loading parboiling tank = Rs.
(3) Annual maintenance 0.54¢ i
= Re. 2000 per year (b) operating parboiling and drying
Total fixed cost per year plants
= (1) 4+ (2) + (3} = (Rs. 4.80/operator) X
= Rs. 139 170/ year (5 operator/ shift)
Cost per tonne X (3 shifts/day) + (30 t paddy/
= Rs. 139 170/20 000 day)

= Rs. 6.96/¢ =Rs, 0.90/1t
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Total labour cost
= Rs. 0.54 + 0.90
== Rs, 1,44/t

(3} Cost of permanent staff
== Rs. 2750/ month
Cost per tonne
= Rs. 2750/ month -+ 2400 t/month
= 1.15/t
(4) Cost of fuel = nil
(5) Repair and maintenance = Rs. 1.50/t
Total operating cost
=)+ Q)+ 3)+ @)+ (5)
=070+ 1444+ L1154+ 0+ 1.50
= Re. 4.79/t
Therefore, the total cost of parboiling and
drying one tonne of paddy
= fixed cost + variable cost
= Rs. 6,96 + 4.79
= Ra. 1175/t
These cost ostimates and calculations are
projected costs taking basic input data from
the operation of paddy processing complexes.
However, due to the very large quantity of
paddy to be procezsed pzr day it is not possible
to operate a conventional unit at the capacity
of 80t/day or 20 000 t/year. The, cost esti-
mates of two types of parboiled and drying
systems have been made at the same capacity
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to compare the economics of the two systems.

The unit cost of parboiling and drying 1 t of
paddy by the modern method is Rs, 11.75/¢;
whereas, the unit cost of parboiling and drying
1 t of paddy by the conventional method is Rs.
11.84/t.

An additional recovery of 1-2% of the rice
has been reported by most of the rice millers
using modern parboiling and drying methods.
An increase of 1% in the rice outturn is neariy
equivalent to a 1.5% increase in paddy. As-
suming a paddy price of Rs. 700/ t, the saving
due to reduced losses by modern parboiling
and drying system amounts to Rs. 10.50/t.
Therefore, the net cost of parboiling and dry-
ing by a modern method is only Rs. 1.25/t
(11,75 — 10.50). Therefore, although the
modern parboiling and drying method may
appear to be more expensive due to very high
initial capital investments and higher operation
cost, the extra rice outturn not only justifies
the econiomics of the modern method but also
provides 0.4-0.8 million tonnes of rice per
year, based on a total production of 40 mil-
lion tonnes per year. -— Nawas ALl AND T. P,
OJHA. Agricultural Engineering Department,
Indian Instirute of Technology, Kharagpur-
721302 W.B., India.
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Precleaning

Prior to the actual milling operation, the
paddy received from the farmer is cleaned in
precleaning machines. Foreign matter or im-
purities are removed to protect the processing
equipment and improve ihe final product, The
impurities can be divided into large impurities,
small impurities, and impurities of about the
same size as the paddy grain. Large impurities
normally consist of rice straw, panicles, bag
string, soil, stones, and sometimes iron parts,
Small impurities consist of duwst, sand, soil
particles, weed seeds, insects, and small stones.
Impurities of about the same size as the paddy
grains can be empty grains, stones, and iron
particles.

In the precleaning process use is made of
differences in the size, weight, and sometimes
length of the impurities compared to the paddy
grain. Impurities lighter in weight than paddy
can be removed by aspiration or b sieving.
Large and small impurities heavier than paddy
are removed by sieving; whereas, particles the
same size but heavier can be removed by
gravity separation. Foreign material about the
same weight and size as the paddy grain is
difficult to remove, and it is presumed to dis-
integrate during the actual milling process.

Weed seeds are generally small impurities
normally separated through sieves. If they are
not separated during the preclearing process,
the seeds will not be processed during the mill-
ing operation and will finally be mixed with the
end product, consequently downgrading the
white rice. In those rice mills that produce
mainly white rice for high-quality markets,
trieurs (rotating grading cylinders) are used to
remove the seeds based on differences in their
length as compared to paddy grains.

Iron parts or particles are removed by siev-
ing, by gravity separation, or by permanent
or electro-magnets,

207

Open Double-Sieve Precleaner (Fig. 127)

In most of the rice mills in the Philippines,
simple precleaning is performed through open
double-layer osciliating sieves. The precleaners
are driven directly by an eccentric drive from
the main transmission shaft. The frequency of
oscillation is equal to the speed of rotaticn of
this transmission shaft and varies between 300
and 400 double strokes per minute.

The paddy is fed into the top of the machine
(A), and passes to the first sieve (1) that has
large perforations and retains only large im-
purities, which are conveyed to the overflow
(B). The second sieve (2) with small perfora-
tions holds the paddy and allows small impuri-
ties to fall to the bottom pan where they are
discharged (D). The precleaned paddy, held by
the second sieve, is then removed (C).

This type of sieve has many disadvantages:
(1) Since it is an open sieve, dust formation
is considerable, and in fact this machine is
mainly responsible for the very dusty appear-
ance of the cone-type rice mills in the Philip-
pines; (2) None of these precleaners has been
equipped with self-cleaning sieves and conse-
quently, most of the bottom sieves with small
perforations are clogged, and separation effi-
ciency is reduced considerably. Consequently,
many weed seeds are not removed and white
rice produced in the cone-type mills of the
Philippines holds many weed seeds; (3) Im-
purities of about the same size as the paddy
grains are not separated.

The precleaning efficiency of this type of
machine, therefore, is insufficient.

Self-Cleaning Sieves (Fig. 128)

The introduction of self-cleaning sieves wili
improve the operation of the open double-sieve
precleaner. Self-cleaning sieves are not only
used in precleaning machines but also in other
machines where sieves with round or slot per-
forations and wire screens are used in the rice
milling process.

A self-cleaning sieve consists of a wooden
frame dividing the sieve surface into square
compartments of about 20 X 20 cm or larger.
The top of this frame is covered with the
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Fig, 121. Open double-sieve precleaner.

selected perforated sheet or wire screen, and
the bottom is covered with a wire screen of
large mesh for free discharge of the separated
products (A). In the compartments are one or
two rubber balls (B) varying between 1.9 and
3.2c¢m (0.8 and 1.3 inches) in diameter de-
pending on the size of the machine. During the
operation of the machine these balls continu-
ously hammer the top sieve and knock the

particles, which normally clog the sieve, out
of the perforations (C). Nevertheless, these
self-cleaning sieves must be cleaned manually
at least once a day.

Single-Action Aspirator-Precleaner
(Fig. 129, 130, and 131)

To avoid the formation of dust by the pre-
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FiG. 128. Self-cleaning sieve. (A) Sieve frame showing square compartments and different mesh sizes,

(B) One or two rubber balls are used in each compartment. (C) Balls strike particles in top mesh
and knock them free,
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cleaner, the machines can be combined with
an sspirator (Fig. §29. ) and are known as
closed-type aspirator-precleaners. These units
consist of a stationary section and an oscillat-
ing section (Fig. 129, I The stationary
section is fixed in o woodenr ot iron frame and
houses & suction fan. The oscillating section
hangs in this frame and is driven by an ec-
centric from a transmission shaft (Fig. 130).
The paddy is fed into this machine through an
opening in the top (Fig. 129, A) The suction
fam draws air through the film of grain and
separates all dust and light impurities (Fig. 129,
I). The Bow of the grain and the capacity of
the suction air can be controlled (Fig. 129, 2).

\ G
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The light impurities drop to the cone-shaped
bottom of the aspiration housing for automatic
discharge (Fig. 124, F) through double air
valves (Fig. [31). The grain falls to a sieve with
kirge perforations, for discharge of large heavy
impurities (Fig. 129, B), and is unloaded on
the long top sieve of the oscillating section,
where more karge impurities are removed (Fig.
129, €). (Quite often magnets are installed
under the guide plate of the short top sieve
(Fig. 129, 3)) The paddy and remaining im-
purities. fall to the bottom sieve, which allows
the small impurities to pass through (Fig. 129,
D). The overflow of this sieve is the precleaned
paddy (Fig. 129, E). The fan in the top section

A

Fig. 129. Closed-type single-action aspirator-precleaner,
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Fw:. 130, Unmoving 4) and oscilluting (11} section
of aspirator-peecleanee,

CLOSED

Fig. 13t Double air valves used for automatic
discharge.

ot this machine blows air and dust in a cyclone
for Jdust separation, making the eatire pre-
cleaning operation practically dust-free,

Double-Action Aspirator-Precleaner
(Fig. 132)

This machine is basically the same as the
single-action aspirator-precicaner. The only
difference is that the precleaned paddy passes
@ second airstream for final removal of dust.
The back part of the unmoving section of the
machine (Iy, housing the suction fan, is
equipped with an air compariment through
which a controlled airstream is sucked by the
blower (4). The air passes first through the
precleaned paddy (E), absorbing all -:naining

2!

light impurities, which will then drop inte a
cone-shaped section at the bottom of the
aspirator housing for automatic discharge
through doubte air valves. Being a double-
action suction unit, the aspirator housing of
this machine is gquipped with two sets of
double air valves for impurity discharge (F).

Double-Drum Type Precleancr (Fig, 133)

A number of drum-type paddy precleaners
have been designed, one of which is a double-
drum aspirator-precleaning unit, produced in
West Germany. This machine basically con-
sists of two hotizontal perforated rotating
cylinders and a suction fan.

The first cylinder has smalt perforations
through which small heavy impurities are re-
moved (B). At the same time an airstream is
sucked through this cylinder, removing most
of the light impurities. These impurities drop
into the cone-shaped bottom of the fan-hous-
ing section for automatic discharge through a
rotating air valve (F). The paddy and its large
impurities then reach the second horizontal
¢ylinder, this time equipped with a perforated
sheeting of larger perforations for the separa«
tion of the large impuritics (C). The pre-
cleaned paddy passes through this cylinder for
direct discharge into the rice mill hulling
section (E). The fan blows the air and dust into
a cyclone for dust separation (D).

The flow of paddy inte this machine (1) and
the airstream can be controlled by adjustable
valves (2, 3).

Single-Drum Precleaner (Fig, 134)

The Japanese have developed single-drum
iype precleaners, sometimes with gravity
separation of stones. One of the single-drum
tvpe precleaners is made in combination with
an oscillating sieve.

The horizontal rotating cylinder is covered
with a wire screen of large mesh for the separa-
tion of the large impurities (B). Some of the
large impurities, however, are separated by a
vibrating inclined sieve prior to the drum
cleaning process (1). The paddy and the smaller
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Fic. 132, Closed-type double-action aspirator-precieaner.

impurities drop through the wire screen of the
drum and reach the oscillating sieve as a film
of grain. On the way down, an airstream is
sucked through the film of grain, removing
light impurities and dust for discharge by the
suction fan (C), This fan blows the air and dust
into a cyclone for the separation of the im-
purities.

The oscillating sieve is a double-layer type.
The top sieve has large perforations for the
separation of the larger impurities {D) and
the bottom sieve has small perforations for the
removal of small impurities (E). The over-
flow of the bottom sieve represents the pre-
cleaned paddy (F).

Paddy input is controlled by an adjustable



MILLING

8 E

C

Fio. 133, Double-drum type of precleaner (West Germany),

valve (2), and equal distribution of the paddy
over the full width of the vibrating top sieve
and rotating cylinder is secured by a rotating
paddle and adjustable flap (3, 4). The wide
screen of the cylinder is continuously cleaned
by a rotating drum cleaner (5) and a special
scraping device on top of the oscillating sieve
removes the separated impurities.

Stoner (Fig. 135 and 136)

Stones of about the same size as the paddy
grains are separated by gravily separation
methads. The basic principle is that the lighter
paddy grains are carried away by the air-
stream, leaving the stones behind. Different

types of machines have been designed in Ger-
many, the USA, and Japan.

One of the stoners now introduced in the
Philippines is made in Japan. It consists of a
perforated screen in an inclined position (Fig.
135). Through a parallel mechanism driven by
an eccentric, this sieve makes an upward move-
ment {Fig. 136).

A relatively large amount of air is blown
from underneath through the sieve (Fig. 135,
A), lifting the paddy grains from the sieve and
slowly carrying them down to the discharge
spout (Fig. 135, C). As a result of the upward
movement of the sieve, little stones are trans-
ported to the top of the sieve. Any paddy
grains transported upwards with the stones
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DRUM _CLEANER

Fic. 134, Single-drum type of precleaner (Japan).
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Fig. 133, Stoner (Japan).

are blown free by a smaller second blower
mounted under the sieve (Fig. 135, 5). The
stones are collected under a flap (Fig. 135, 1)
and are unloaded into the discharge spout by
manualiy lifting this flap (Fig. 135,B).
Because different varieties of paddy are to
be processed, the inclination of the sieve has
been made adjustable. This is done by man-
ually changing the length of bar a-b, which
changes the position of the parallel mechanism
carrying the sieve, allowing the sieve inclina-
tion to be increased or decreased (Fig. 136).
The paddy is fed into the top of the machine
and its flow and equal distribution are secured
by a rotating paddle and adjustable valve (Fig.

135, A). Stoners are always used after the
main precleaning process, so that only pre-
cleaned paddy is actually fed into these
machines.

Magnetic Separator (Fig. 137)

The bulk of the iron particles mixed with
the paddy is removed during the normal pre-
cleaning operation as large or small impurities.
If no special stoner is installed, iron particles
of about the same size as the grains can only
be removed by magnetic separators, Neverthe-
less, we have to take into account that bolts
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FiG. 136. Change in length of bar a-b changes
inclination of sieve {a).

and nuts from the paddy processing machines
may get loose any time and if not removed can
sericusly damage the processing equipment,
Therefore, magnetic separators are installed
not only in precleaning equipment but also
in husk separators and the discharge spouts of
elevators.
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There are simple permanent magnets for
machines and/or discharge  spouts (Fig.
137A,B). Another type of permanent mag-
netic separator is a rotating brass cylinder pass-
ing over a half-round permanent magnet (Fig.
137C). The grain film is transported by the
rotating cylinder that unloads the grain in the
discharge spout (1}, but holds the iron particles
attracted on its surface because of the magnet.
When the cylinder is not moving over the
magnet, the iron is automatically released and
is discharged separately (2). In some of the
larger rice mills special high-capacity magnetic
separators are installed for mechanical and
continuous discharge of the iron. Most of the
magnetic separators are of the permanent type;
however, electromagnets may also be used. —
Harry van RUITEN. Department of Agricul-
tural Engineering, College of Agriculture,
University of the Philippines at Los Baros,
College, Laguna, Philippines.

‘F1G. 137, Differemt types of magnetic separators: A, B simple permanent magnets; C rotating brass cylinder

and permanent magnet,
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Hulling

The objective of a hulling machine is to re-
move the husk from the paddy grain with a
minimum of damage to the bran layer and, if
possible, without breaking the brown rice
grain.

Because the structure of the paddy grain
makes it necessary to apply friction to the grain
surface to remove the husk, a certain percent-
age of brokens cannot be avoided; however,
much can be done to reduce this breakage. In
this respect the construction of the machine,
its precision, its maintenance, its adjustment,
and the way it is operated can secure optimum
performance in huller efficiency and head rice
production. However, if the grain is damaged
in the field as a result of moisture cracking
(suncracking), breakage during the milling pro-
cess cannot be avoided.

Because the adjustment of the huller de-
pends on the variety of paddy to be processed,
uniformity of the grain is essential for opti-
mum performance. However, under most cir-
cumstances, pure varieties are not available
and a mixture of varieties can be responsible
for a less efficient hulling process. The nega-
tive effect on hulling of mixed varieties can be
avoided by the grading of paddy prior to hull-
ing or can be reduced by the rearrangement of
the grain flow in a rice mill.

The most common machines used in hulling
paddy are the vnder-runner disc huller, which
is the most commonly used machine, and the
rubber roll huller, which was introduced after
World War II and is slowly gaining popu-
larity, A rubber band huller developed in
Europe in 1947-48 disappeared from the mar-
ket shortly afterwards and the small centrif-
ugal hullers are still in the experimental stage.

Hulling machines are known by different
names, such as shellers, hullers, dehuskers,
huskers, and hulling mills. Most commonly
these machines are called “hullers.” A huller
has an efficiency that does mot refer to its
capacity but to its performance as a huller,
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The huller efficiency is the percentage of grain
actually hulled with a minimum of breakage.

The' Under<-Runner Disc Huller, or
Disc Huller (Fig, 138)

The wunder-runner disc huller consists
mainly of two horizontal cast-iron discs, part-
ly coated with an abrasive layer. The top disc
is fixed in the frame housing; the bottom disc
rotates. The rotating disc is vertically adjust-
able (2) so the clearance between the abrasive
coating of the disc can be adjusted (3). This
adjustment depends on the variety of paddy,
the condition of the grain, and the wear of
the coating.

The paddy is fed into the centre of the ma-
chine through a small hopper. A vertically
adjustable cylindrical sleeve (1) regulates the
capacity and equal distribution of the paddy
over the entire surface of the rotating disc.
By centrifugal force the paddy is forced be-
tween the two discs and under pressure and
friction most of the grain is dehusked.

The adjustment of the clearance between
the discs is rather critical and requires con-
tinuous rechecking to avoid excessive break-
age or insufficient huller efficiency. Quite often,
the effective width of the abrasive coating is
made too large, causing unnecessary breakage
of the grain. Empirically, it has been proven
that this width should not be more than 1/6
to 1/7 of the stone diameter. The periphera!
speed of the disc should be about 14 m/s,
making the speed a fupction of the diameter
of the stone. The larger the diameter, the lower
the revolutions per minute of the shaft (Fig.
139).

Example

D = gstone diameter = 700 mm (0.7 m);
and V = peripheral speed = 14 m/s.
V — L X D X n
60
"= 60 x V
XD
_ 60 X 14
3.14 x 0.7

= 380 rpm

{m/s)
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Fig. 138, Particulars of the under-runner disc
huller: ¥ = peripheral speed (recom-
mended 14 m/s); W = width of coating;
D = stone diameter; and W/D =1/6
or 1/7.

The wear of the abrasive coating of the disc
is not equal over the full surface of the coating,
Hulling is concentrated in the centre part of
the coatea surface and, consequently, wear in
that section of the coating is greater than at
the outer or inner rings. Slowly a small ridge
is made at the outer ring of the coating (Fig.
1408), which is responsible for an excessive
buildup of pressure on the grain between the
stones. Consequently, the rice is broken not
only because of this excessive pressure but
also because of the presence of the ridge,
which the hulled rice has to pass when leaving
the machine. When these ridges are produced,
the surface of the stones must be redressed
(corrected), and the life of the coating is
unnecessarily reduced (Fig. 140C). It is more
effective with respect to the efficiency and the
life of the coating to redress the stone surfaces
more often so ridges will not be formed.

Vertical adjustment of the rotating disc is
accomplished by moving the entire shaft-disc
assembly. The housing of the shaft-end bear-
ing is moved by a steel beam controlled by a
handwheel adjustment (Fig. 141). The bar
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F1G. 139. Under-runner disc huller peripheral speed-
curve for V¥ = 14 m/s.

may be moved by two handwheels, or the sup-
porting bar can be hinged on the base of the
huller frame and controlled by a single wheel.

Vibration in the machine components is to
be avoided because this breaks the rice. In
this respect proper bearing of the shaft and
maintenance of these bearings are very im-
portant. The shaft-end bearing absorbs radial
and axial forces; therefore, a double bearing
assembly is recommended. For this purpose a
combination of a single or double ball bearing
and a taper roller bearing can be used (Fig.
[41). These bearings must be maintained and
greased properly. If the roller bearing is not
greased the ball grooves will be damaged, re-
sulting in excessive tolerance and vibration,
which can only be corrected by replacing the
bearing. In a locally made huller (and alsoina
whitening cone), very often only a roller bear-
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FiG. 140, Under-runner disc huller maintenance:
{A) original condition of stone coating;
(B) uneven wear developed at centre of
coating; and {(C) redressed surface of
abrasive coating,

ing is used for radial forces and a simple steel
ball absorbs the axial forces (Fig. 142). In
this case the end of the shaft is rounded. With
this construction the actual contact area be-
tween shaft and ball is very small and, when
not sufficiently greased, there is immediate
damage to the shaft and the ball causing
vibrations.

The upper part of the shaft is normally
guided by a bronze bush bearing, lubricated
by grease (Fig. 143). The grease is pressed
between the bush and shaft; however, quite
often only the lower portion of the bearing is
lubricated. Friction between the upper por-
tion of the bush bearing and the shaft then
becomes excessive, causing heat and wear,
and leads to vibrations in the upper portion
of the shaft assembly (Fig. 143, wrong).
This problem can be overcome by drilling
an extra lubrication hole in the bronze bush
bearing, allowing grease to be distributed
over the full working surface of the bearing
(Fig. 143, right). The housing for this bear-
ing is normally bolted to the huller frame with
bolts and nuts. When no spring washers are
used the nuts may loosen and the upper part
of the shaft wili vibrate. Both surfaces of the
discs should be fully level angd remain lovel,
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FiG. 141. Under-tunner disc huiler bearings and
adjustment details.
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Fi6. 142. An end-bearing assembly of the under-
runner disc huller containing a roller
bearing and steel ball (Philippines).

otherwise the huller will be transformed into
a perfect rice breaker. Consequently, continu-
ous maintenance remains essential.

The huiler shaft is normally driven by a flat-
helt or a V-belt transmission, When Yifting the
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Fia, 143, Details of the bronze bush bearing used
in under-runner disc huller: (A) poor
lubrication; and (B) additional hole
drilled providing proper lubrication,

shaft assembly for disc adjustment, the driven
pulley on this shaft will also be lifted. For a
flat-belt pulley-drive the transmission will
remain unaffected by this adjustment since
the extra width of the flat-beit pulley will allow
free movement of the belt over the pulley
(Fig. 144A). For a full V-belt transmission
{two V-belt pulleys with V-belts}, this belt
correction is not possible and, consequently,
the belt will be out of [ine when an adjustment
is made (Fig. 144B), This causes extra friction
on the belt, resulting in heat and excessive
wear, Nevertheless, this method is used quite
often in the Philippine-made rice mills, The
problem can be overcome if the large V-belt
on the huiler shaft is replaced by a flat-belt
pulley (Fig. 144C). However, this reduces the
grip of the belts on the driven pulley and more
belts are required.

The position of the driving pulley may be
changed after adjustment of the huller shaft
(Fig. 144D). This is done in electric motor-
driven machines by lifting the entire motor
support assembly.

A mistake often made, when driving a huller
by flat-belt transmission, is not making the
putling part of the belt perpendicuiar to the
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FiG. 144, Methods for transmission-drive; (A) flat
belt pulley-drive; (B) full V.belt trans-
mission; (C) V-belt on transmission shaft
replaced by flat puliey, and (D) position
of driving pulley changed.

main transmission shaft. This is essential for
an optimum transmission of force from trans-
mission shaft to machine (Fig. 145).

In many rice mills, the abrasive coating is
applied to the stone in a rather primitive way
making it practically impossible to secure a
uniform, fully level, working surface. Fortun-
ately, very simple and cheap tools can be made
that provide a perfectly level surface of both
the fixed and rotating discs, and any cor-
rections on the surface of the abrasive coating
can be done by simple redressing tools (Fig.
146).

The usc of these tools is indispensable for
smooth and ecfficient operation of the huller.
In gooeral, in the Philippines, a pure emery
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Fic. 145, Position of the drive-pulley in under-
runner disc buller,

composition for the coating for the discs is
used. Normally this composition consists of
100 weight units of emery grit 14, 20 weight
units of magnesite, and magnesium chloride
brine (30° Baumé). This composition became
outdated many years ago and with the newly
recommended composition much better huller
capacity and huller efficiency, and longer life
of the stone are obtained. The secret of the
new composition is a new component siliciura
carbide (carborundum), whose hardness is
about two and one-half times higher than that
of emery. The recommended composition of
the new coating is grit (50% by weight emery
grit 14, 1633% by weight emery grit 16, and
3313 % by weight silicium carbide grit 16),
20% by weight magnesite, and 209 by weight
chloride brine (29° Baumé}.

In the Philippines, the under-runner disc
hullers are normally mounted on elevated con-
crete foundations so that the actual hulling
section will be at working level on the first
floor (Fig. 147A). The disc adjustment must
be done on the ground floor level under less
attractive working conditions. In some rice
mills abroad, this adjustment is made from the
working level on the first floor by simplifica-
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tion of the construction of the huller frame
and by extension of the handwheel controiled
adjustment device (Fig. 147B). In practically
all horizontally projected rice mills in other
countries, the huller is mounted on the ground
tloor level (Fig. 147C).

Because in the Philippines the paddy sup-
plied to rice mills in general does not represent
a pure variety and as paddy grading has not
been implemented, quite often, because of the
mixture of varieties, huller efficiency cannot
be kept at a high level without breaking the
brown rice. This is caused mainly by the vary-
ing thickness of the paddy grains. The mill
operator waunts to dehusk as many grains as
possible and, therefore, reduces the clearance
between the discs. By doing so he is actually
cracking the thicker grains while dehusk-
ing the thinner ones. When he sees this, he re-
adjusts the huller and consequently reduces the
huller efficiency.

The paddy not hulled during the first pass
through the huller is then separated by the
paddy separator and, in most of the rice mills
in the Philippines, returned to the paddy bin
feeding the huller. However, when samples of
the initial paddy and the paddy rejected by
the paddy separator are analyzed carefully, it
is seen that for the same volume, the weight of
the initial paddy is more than 10% higher;
whereas, the number of grains of the rejected
paddy is about 10% higher. Consequently,
the average size of the rejected paddy grain
is smaller than the average size of the initial
paddy grain. This was the main rcason why
these grains were not hulled and, therefore,
it is not logical to return these grains to the
same huller,

It is recommended that the rejected paddy
be returned to a separate bin for independent
hulling in a smaller huller that can be adjusted
to the smaller size of the rejected paddy (Fig.
148). This allows the main huller to be adjusted
to avoid excessive breakage of brown rice, and
the total dehusking capacity of the huller
section is increased by at least 20%.

The recommended rearrangement of the
grain flow in the huller section is advantageous
in rice mills with disc hullers as well as those
with rubber roll hullers. However, urgent im-
plementation is more important for disc hullers
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Fig, 146, Special tools used for resurfacing the abrasive surface.

than for rubber roll hullers because of the
more flexible surface of the rubber rollers.

Rubber Roll Huller

In principle the rubber roll huller consists
of two rubber rolls. One has a fixed position,
the other is adjustable to obtain the desired
clearance between the two rolls. The rolls are
driven mechanicaily and rotate in opposite
directions, the adjustable roll normally run-
ning about 25% slower than the fixed one.
Both rolls have the same diameter, varying
between 150 and 250 mm depending on the
planned capacity, and the same width, about
60 to 250 mm. .

When the rolls are new, their peripheral
speed is about 14 m/s so that the smaller roll
runs faster than the larger one (see table
below).

Roll Roll High ELow
diam. width speed speed
{mm) (inches) (mn1) (inches) (rpm) (rpm)

150 6 64 2.5 1320 300
220 8.5 76 3 1200 900
250 10 250 10 1000 740

The clearance between the two rolls is
smaller than the thickness of the paddy grains,
and because the rolls run at different speeds,
their peripheral speeds differ. When the paddy
is fed between the two rolls, the grains are
caught under pressure by the rubber and, be-
cause of the difference in speed, the husk is
stripped off (Fig. 149A). Wear on the rubber
is considerable and, with reduction of the roll
diameter, capacity is also reduced. The main
reason for this capacity reduction is the de-
crease in the relative speed of the two rolls,
and it is this relative speed that actually strips
the husk from the paddy grain.
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Fi1G. 147. Different setups for the under-runner disc huller: (A) mounted on elevated concrete foundation;
(B) modified huller frame construction; and (C) mounted on greund floor.

Example (Fig. 150)

When the roll diameter is reduced from 254
to 216 mm (less 15%), the peripheral speed
also drops by 15%. Because the speed of rota-
tiow. of both rolls does not chainge, their rela-
tive speed, which is the difference in the
peripheral speeds of both rolls, will also drop
by 15%. At that point the hulling capacity of
the machine has been reduced by about 15%.

In generai the faster running unadjustable
rubber roll wears out quicker than the adjust-
able roll. Because the rolis have been made
interchangeable, it is recommended they be
transferred from time to time to ensure even
wear of the set of rolis. To obtain optimum
hulling performance, the grain should be
evenly distributed over the full width of the
rolls. However, quite often the grain distribu-
tion device does not function correctly, and
the roll surface wears out unevenly, which
badly disturbs efficiency and capacity (Fig.
151). The roll surfaces are corrected by re-
moving part of the rubber; therefore, the life
of this set of expensive rolls is reduced con-
siderably.

The efficiency of rubber rolls in tropical
countries is still unfavourable and is slowing
down their introduction. There are many rea-
sons for this: higher temperature, higher hu-
midity of the air, the structure of the husk,
and especially the fact that in Japan short grain
varieties are hulled; whereas, in tropical coun-
tries mainly long grain or medium grain varie-
ties are hulled.

When hulling long grain varieties, the
contact area of the grain with the rubber, the
moment it is stripped off its husk, is much
larger compared with short grain varieties.
Consequently, the wear is higher and the life
of the rubber is considerably shorter. Whereas
200t of paddy can be hulled in Japan, the
same quality of rubber will only hull about
100 t in tropical countries (Fig. 152). Better
quality substitutes for the rubber exist; how-
ever, the increased durability in terms of tonnes
of paddy hulled does mnot cover the much
higher price of these substitutes.

The dehusking performance of this type of
huller is superior to the conventional disc
huller, because production of unbroken brown
rice and huller efficiency are higher. However,



224

FANFAY

IDRC-053e RICE: POSTHARVEST TECHNOLOGY

.k_._._._.K

-

%
=

-k _________ }k _._._._3:\\\.)_

G H

Fic. 148. Methods of return of rejected paddy:(top) grain flow without separate return hulling, not
recommended; and (bottom) grain flow with separate return hulling, recommended. A =
precleaned and returned paddy, B = huller, C = huskaspirator, D = separator, E = pre-
cleaned paddy, F = returned paddy, G = first huller, and H = return huller.

this does not mean the head rice yield of the
mill is higher. Because the silver skin of the
paddy is undamaged by the rubber roll huller,
cracked grains appear as unbroken brown rice,
but during the first pass of the whitening pro-
cess these grains will break,

Rubber rolis can only be stored for a limited
period because their durability slowly de-
teriorates (Fig. 153). Therefore, a continuous

supply of rolls should be guaranteed in order
to utilize them at optimum efficiency in the
interest of total mill efficiency.

The fac that in a rubber roll huller one
roll runs in a fixed position and the second
roll is adjustable; that one roll runs clockwise
while one rcll runs counter-clockwise; and that
both rolls are driven, requires special provi-
sions in the drive mechanism. There are three
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Fi6. 150. Relation between diameter of rolls and

capacity of huller: Wi — W2 = 19 mm;
Dl = 254 mm; Wi = 254mm; N1 =
1000 rpm; NI’ = 740 rpm; V1 = 13,30
m/s; V1 =346 m/s; D2 = 216 mm;
W2 = 64mm; N2 — N1 = 1000 rpm;
N2 — N1* = 740 rpm; V2 = 11.30 m/s;
and V1 — V2 =052 m/s = —15%.

77

LT e

; i
|

— o a =

v "
|
v
1

JHE O

Fig, 151. Unevenly worn and damaged surface of
rubber rolls as a result of unequat dis-
tribution of the paddy,

Fig. 152. The relation between paddy variety and
hulling capacity.
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Fi1G. 153. Relation between durability of rubber
rofls and age, The recommended period
for utilization of rubber rolls for optimum
efficiency is between 3 and 6 months after
production.

Chain Transmission

kinds of drive transmission: (1) chain trans- If both rolls always ran in a fixed position a
mission; (2) V-belt transmission; and (3) gear- simple endless chain over chain-wheels could
wheel transmission. drive the rolls. However, one roll must be
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adjusted continually; therefore, chain tension
must also be corrected immediately, A British-
made design solved this problem by mounting
the chain-wheel of the adjustable roll and two
extra chain wheels for chain tensioning on one
sturdy bevel plate that is tiltable over a fixed
point (Fig. 154). To adjust the rubber roll
clearance, the sturdy bevel plate is tilted by
a handwheel adjustment, controlling both the
rubber roll and the two extra chain wheels.
The adjustment of these three gear wheels is
not the same because their distance from the
tilting point of the bevel plate differs.

The chain tension, however, is not fully cor-
rected by this method and, therefore, one of
the two extra gear wheels swings around the
initial turning point of the gear wheel. This
proved to be sufficient for continuous adjust-
ment purposes. The advantage of this rather
complicated system is the clearance of the
rubber rolls can be adjusted when the machine
is running even under full load. A simpler
method for chain adjustment is a manually
adjustable gear wheel for chain tensioning
after adjustment of the roll clearance. How-
ever, in this case the roll clearance can only
be adjusted when the huller is unloaded and
not running, which is a great disadvantage.

V-Belt Transmission

This type of transmission is most commonly
used for the rubber roll hullers. Figure 155
demonstrates the mechanical adjustment
necessary to obtain the appropriate clearance
between the rubber rolls. Assume the original
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positions of the linkages were A, B, C, and D
for the V-belt pulleys driving the rubber rollers
mounted at A and B. The belt tension is
changed by moving the idler pulley at C, which
is controlled by a screw adjustment, In this
transmission system drive D is fixed, the rub-
ber roller at A is fixed, and at B there is a spring
loaded bearing mounted on a sliding plate,
which allows the roller at B to move for ap-
propriate clearance. For example, to reduce
the clearance between the rollers, the hand-
wheel screws out V-belt pulley C to position
C’ and the corresponding position of B’ is
obtained. Pulley C must be mounted like pulley
B so that sliding is possible.

Gear Transmission

Figure [56 illustrates the third common
method adopted for clearance adjustment of
the rubber rollers. In this arrangement, assume
A, B, C, and D are the positions of the gears
prior to adjustment. A and C are fixed assur-
ing the desired contact; whereas, B and D are
adjustable. However, BD is rigid and maintains
the required contact between gears B and 1.
By adjusting the position of gear B with the
screw at the right, the clearance is determined,
and the link BD starts to push D out of mesh
with gear C; however, this is corrected by the
spring loaded rigid bar shown below the ad-
justment jever. — HARRY VAN RUITEN, De-
partment of Agricultural Engineering, College
of .:clgriculture, University of the Philippines
at Los Baiios, College, Laguna, Philippines.
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Fic. 154. Method of adjusting clearance of rubber rolls and tension of chain for a chain-drive transmission.
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V-BELT
PULLEY

FiG. 155, V-belt transmission for the adjustment of t::e clearance between the rubber rolls.




MILLING 229

S P LS W S o s s 2« |

F16, 156. Gear transmission for ciearance adjustment of rubber roll huller.
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Husk
Separation

The discharge of a rice huller is a mixture
of brown rice, paddy, busks, >ran, dust,
brokens, and immature paddy grains. The
paddy separators normally only receive the
browr: rice, the paddy, and sometimes the im-
mature paddy grains. Beiween these two rice
mill machines the husks, bran, dust, brokens,
and immature paddy grains must be removed.

Normally, the bran and dust are separated
through an oscillating sieve with fine perfora-
tions and discharged as a waste product; how-
ever, they may be mixed with the bran and
removed by the bran aspiration cyclone sys-
tem. The separation of brokens and immature
grain before husk aspiration is essential be-
cause both of these commercial by-products
would be fost as waste through the husi aspira-
tion system. Their recovery increases the effi-
ciency of the mill in terms of production of
commercial products and money. Losses of up
to 2% of the paddy intake capacity of the rice
mill have been recorded due to improper
separation.

The brokens are normatly separated through
self-cleaning sieves and discharged directly to
the whitening section. The separation of the
immature grains is a more difficult problem
and, when done prior to paddy separation, a
system is normally incorporated into the actual
husk aspirator. Quite often, however, the im-
mature grains are separated from the brown
rice after the paddy separator, and conse-
quently, it is possible for the immature paddy
grains to be blown out with the husks because
this method only works on dehusked immature
grains.

For these reasons, the husk separators are
sometimes designed to separate more than just
husks. A large number of machines have been
developed for this purpose. However, no one
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machine combines all necessary functions, and
quite often additional machines are necessary
to achieve optimum performance. Because
these extra investrents are not made in most
rice mills, a certain percentage of loss through
husk separation cannot be avoided. However,
much can be done to reduce this loss.

Qut of the large range of husk separaicrs
the following are discussed in this paper: (1)
husk aspirator with air traps and suction
blowers, Philippines; (2) husk aspirator with
suction blower, West Germany; (3) husk aspir-
ator combined with plansifter, West Germany;
(4) husk aspirator combined with a rubber
roit huller, Japan; (5) closed circuit husk
separator, West Germany; (6) double action
husk aspirator, Philippines; and (7) high capac-
ity husk aspirator, West Germany.

Husk Aspiration with Air Traps
(Philippines)

In this system the husks are removed
through air traps connected to suction blowers.
Aspiration is introduced in two places between
the huller and the paddy separator: (1) an air
trap on top of the cscillating sieve that receives
the discharge of the huller and removes
through fine perforations the bran and dust
(Fig. 157, no. 4); and (2) air traps between the
holding bin for the huller discharge and the
paddy separator (Fig. 157, no. 6).

For this double husk aspiration system two
suction blowers ¢ Fig. 157, no. 1 and 2) witha
central pulley drive (Fig. 157, no. 3) are
normally used. Usually there is one air trap on
top of the oscillating sieve, and two to five
traps between the holding bin and the paddy
separator depending on the size of the sepa-
rator. When more than three air traps are used
between the bin and paddy separators, some
of the air traps are connected with the suction
blower, which is normally connected with the
air trap on top of the sieve. When properly
adjusted and controlled, this system gives effi-
cient husk aspiration. However, many factors
make control very difficult and in practice the
mill operators do not know how to set a proper
air and grain distribution.

What makes this setting so difficult? (1) Effi-
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Fic. 157. Husk aspirator with air traps and suction blowers in cone-type rice mills (Philippines).

cient husk aspiration on top of the sieve can
only be achieved when the huller discharge is
equally distributed over the full width of the
sieve. (2) The thickness of the grain-husk layer
should be constant because this determines the
clearance between the top of the grain layer
and the bottom of the air trap. Through this
clearance the air is sucked into the air trap,

lifting the husks floating on top of the grain
layer. (3) The airstream should be constant
and not too strong; otherwise, grains will be
lifted and discharged with the husks. (4} The
distribution of the grain over the three, four,
or five air traps on top of the separator should
be equal. (6) The airstream in these air traps
should not be too strong to prevent the loss of
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grains with the husk discharge. (7) The effi-
ciency of the air trap system strongly depends
on the moisture content of the grain and the
throughput capacity of: the mill. The adjust-
" ‘ment is different at low capacity than at full
capacity.

The equal distribution of air and grain over
the traps on top of the paddy separators seems
to ‘be especially difficult. The grain, feeding
the traps; comes out of one holding bin (Fig.
158, A) and leaves the traps at the bottom
(Fig. 158, B). The air is sucked through special
openings in the air traps (Fig. 158, C), passes
through the grain, and lifts the husks when
entering the air tubes (Fig. 158, D). These
separate air tubes with adjustable air sleeves
are connected through a central air tube with
the suction biower (Fig. 158, E). To obtain
equal air distribution the air tubes must be
separated from each other (Fig. 158). Al-
though the principle of the system is sound,
its implementation is responsible for consider-
able grain losses through busk discharge be-
cause the mill operators generally fail to adjust
the air and grain flow properly,

Husk Aspiration with Suction Blower
(West Germany)

These compact units are commonly used in
German-made mills and are normally placed
on a steel frame over the paddy separator.
The machine has a double function because
it removes the husks (Fig. 159, B) and sepa-
rates the immature grains (Fig. 159, C). The
grain {paddy, brown rice, and husks) is fed
into the machine over its full width (Fig. 159,
A). An adjustable sleeve and a belt-driven ro-
tating paddle (Fig. 159, no. 4) release & thin
film of grain. Air sucked through the grain
lifts the husks that are discharged through the
built-in suction blower. The airstream is strong
enough to lift the immature grains as well.
However, these grains drop into a V-shaped
compartment for automatic discharge through
double air valves (Fig. 159, no. 5 and A}

The brown rice and the paddy leave the
machine at the bottom for direct discharge
into the paddy separator (Fig. 159, D). The air-
stream can be controlled by two adjustable
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air valves; one on top of the machine (Fig.
159, no. 2) controlling the husk aspiration
efficiency; and the second valve inside the
machine controlling the efficiency in the sepa-
ration of the immature grains (Fig. 159, no. 1).
A glass window allows visual inspection of the
grain distribution inside the machine (Fig. 159,
no. 7).

Quite often this machine is produced in
combination with an oscillating self-cleaning
sieve for the separation of the bran, dust, and
brokens. The sieve is then fixed on top of the
husk aspirator and they are sold as one com-
pact unit.

Husk Aspirator Combined with Plansifter
(West Germany)

In large rice mills the husk aspirator with
suction blower is often combined with a plan-
sifter, which is fixed in a solid steel frame
above the husk aspirator (Fig. 160). The husk
aspirator and the plansifter together are con-
sidered as one compact husk-aspirator unit.
The plansifter is equipped with two self-
cleaning sieves. The first sieve (Fig. 160, no. 1)
has fine perforations for the separation of bran
and dust, the second (Fig. 160, no. 2) has
larger perforations for the discharge of
brokens. Therefore, the sieve overflow is a
mixture of husks, paddy, and brown rice.

Husk Aspirator Combined with Rubber
Roll Huller (Japan)

The compact lightweight construction of the
rubber roll huller makes it possible to com-
bine the huller and the husk aspirator. Because
the rubber roll huller does not damage the
bran layer of the brown rice, the huller dis-
charge does not contain any bran, Therefore,
any dust produced by the huller can be dis-
charged with the husks.

The operation of the machine is quite
<igie. The paddy fed into the huller is de-
husked and fed immediately into the husk
aspirator. The grain is distributed as a film
over the full width of the aspirator, and an air-
stream is sucked through this film, carrying



MILLING

ion (Philippines).

the air traps for husk separat

atly over

£qu
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Fic. 139, Husk aspirator with suction blower (West Germany).

away the husks and lifting the immature
grains. The immature grains drop into a sepa-
rate hopper for discharge by a screw conveyor:
the paddy and the brown rice leave the ma-
chine through a spout; and the husks are blown
out by the strong suction blower.

A large air sleeve on top of the air duct
controls the quantity of air drawn through the
grain and the performance of the airstream
with respect to the separation of the husks
and immature grains is controtled by three
valves (Fig. 161, no. 1, 2, 3). It requires
experience to correctly adjust these valves,
There are no provisions for the separation of
small brokens. The separation of immature
grains, in general, is pot sufficient, and it is
difficult to check whether or not immature
grains and brokens are blown out with the
husks. However, the husk aspiration efficiency
is generally very high.

Closed Circuit Husk Separator
(West Germany)

The closed circuit husk separator separates
the husks and immature grains from the paddy
and browa rice. The muchine is called a
“closed circuit” separator because it does not
blow the husks out with the air; the air used
for the separation of the husks is continuously
recirculated (Fig. 162).

The mixwure of paddy, browa rice, imma-
ture grains, and husks is foaded into a hopper
on top of the machine. This mixture passes
through inclined plates and falls as a grain
film. A strong airstream built up by the pres-
sure or discharge side of a buili-in suction
blower passes this film of grain and separates
the husks from the mixture. Because of the
special shape of the separator housing, the
husks follow the housing pattern as in a
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Fic, 160, Husk aspirator combined with plansifier (West Germany).
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Fic. 161. Husk aspirator combined with rubber roll huiler (Japan),

cyclone. As a result of the speed of the air and
the impact of the separating centrifugal force,
the husks are freed from the recirculating air-
stream and drop into the bottom of the V-
shaped housing (Fig. 162, no. 1) for side dis-
charge through a screw conveyor (Fig. 162, B).

The air, now free from husks, is recirculated
by the blower and is used to lift the immature

grains from the grain film. The immature
grains and a mixture of brown rice and paddy
fall into separate compartments and are dis-
charged by screw conveyors (Fig. 162, no. 2,
3).

The quantity of air recirculated is controlled
by a bypass valve (Fig. 162, no. 4) and the
separation performance by an adjustable
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F1c. 162. Closed circuit husk separator (West Germany),

throttle valve (Fig. 162, no. 5). This machine
does not separate bran, dust, and brokens from
the huller discharge, so that prior to husk
separation a plansifter or oscillating sieve must
be installed.

Double Action Husk Aspirator
(Philippines)

The double action husk aspirator as de-
signed and made in the Philippines separates
the husks from the brown rice and paddy and
separates the brokens for later cleaning.

The mixture of husks, brown rice, paddy,
brokens, bran, immature grains, and dust is
discharged onto an oscillating sieve (Fig. 163,
no. 1). Through the sieve perforations pass
the bran, dust, and small brokens. The over-
flow, being a mixture of husks, paddy, and
brown rice is unloaded into the actual husk
aspirator and the grain falls as a film (Fig. 163,
top). The airstream, caused by the built-in
suction blower, is sucked through the front
opening of the machine and separates the
husks from the falling grains. These husks,
carried away by the air, pass the suction blower
and are discharged. The mixture of paddy
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FiG. 163. Double action husk aspirator (Philippines),
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and brown rice then leaves the machine
through a bottom opening for direct discharge
into the paddy separator. The bran, dust, and
brokens, separated by the oscillating sieve, are
discharged into two openings (left and right)
at the back of the actual aspirator body (Fig.
163, bottom)}. An airstream passes through
this falling product and separates the bran and
dust from the brokens. These brokens are dis-
charged through a bottom opening of the ma-
chine for further processing in the whitening
section of the rice mill. If no separate fine-
perforation sieve is installed between the huller
and this husk aspirator, the bran will be lost
because it will be blown out with the husks
as mill waste.

No provisions for the separation of imma-
ture grains are included, and consequently
some of these immature grains are separated
with the husks, representing a loss. It should
be possible to incorporate a recovery system
for immature grains into this type of machine,

The sieve on top of the husk aspirator is
never self-cleaning; therefore, brokens are not
separated efficiently from the husks and are
blown out of the machine. This loss could be
avoided by using self-cleaning sieves. Wear
of the husk discharge spout is enormous; how-
ever, this wear has been limited by coating
the spout with the emery composition used for
the under-runner disc huller.

High Capacity Husk Aspirator
(West Germany)

In large, mainly vertical, rice mills, a strong
central aspiration system with cyclones and
filters is installed, which makes it possible to
use aspiration air without installing separate
suction blowers in the individual machines
{Fig. 164). This makes the machines more
compact and cheaper. In such instaliations,
precleaners and husk aspirators with vertical
aspiration are installed,

The mixture of paddy, brown rice, husks,
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brokens, bran, and dust is unloaded into the
machine and spread over the full width of the
self-cleaning sieve (B). This sieve is a high
frequency vibrator driven by an electric motor
through a V-belt transmission (S). The brokens,
bran, and dust pass through the sieve perfora-
tions and are discharged through an outlet
spout at the bottom of the machine (D). The
bran and dust are removed from the brokens
Iater in the process. The sieve overflow, con-
sisting of husks, paddy, and broken rice, is
discharged into the vertical aspiration tube
through a specially shaped plate (F)} that in-
creases the spread of the grainto abouttwo and
one-half times that of the sieve. A strong air-
stream, moving upwards, enters the machine
through a large opening in the front of the
aspirator and through two side openings (G).
On its way up the aspiration tubes {(H), the air
carries the husks and any paddy and brown
rice grains that are in a horizontal position,
However, as soon as the grain position is ver-
tical, the grain falls and is discharged with the
rest of the paddy and the brown rice through
the main discharge spout (R), which often in-
corporates a permanent magnet. The quantity
of air used for the vertical aspiration is con-
trolled by an adjustable valve,

The operation of the machine, especially
the effect of the airstream on those grains
lifted by the air, can be observed through a
transparent panel (L) which can be illuminated
for more careful observation at night (N).
This allows immediate adjustment of the
aspirator in case grain is being discharged with
the husks.

The transparent front of the machine shows
the battery of vertical aspiration tubes that
secures an optimum spread of the grains over
the full width of the machine, a perfect dis-
tribution of the air, and, consequently, perfect
husk aspiration performance. — HARRY van
RUITEN, Department of Agriculturg]l Engin-
eering, College of Agriculture, University of
the Philippines at Los Bafios, College, Laguna,
Philippines.
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Fi1. 164. High capacity husk aspirator (West Germany).
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Paddy
Separation

In the paddy hullers of a rice mill not all
the paddy grains are hulled at once. The huller
efficiency, namely the percentage of paddy
actually hulled with a minimum of breakage,
varies between 80 and 95% and depends on:
(1) the uniformity of the paddy; (2) the variety
of paddy hulled; (3) the condition of the paddy;
(4) the type of huller; (5) the condition of the
huller; and (6) the operator of the machine.
The huller, therefore, produces a mixture of
brown rice, husks, and paddy. After separation
of the husks, dust, bran, and small brokens,
a mixture of brown rice and paddy is obtained.

The amount of paddy that must be removed
to produce brown rice free of paddy is indi-
cated in the following example. If the huller
efficiency is 80%, then 80% of the paddy will
be hulied and 20% will be unaffected. The out-
put will be 64% brown rice, 16% husks, and
20% paddy. The total of brown rice plus
paddy is 84% ; therefore, in this mixture there
is 24% paddy (20/84 x 100). When the huller
efficiency is increased to 90% the output will
be 72% brown rice, 18% husks, and 10%
paddy. The total of brown rice plus paddy is
82%, meaning there is 12% paddy in this
mixture. Therefore, when the huller efficiency
is increased from 80 to 90% the amount of
paddy is reduced from 24 to 12%. Conse-
quently, a maximum of about 25% paddy
must be removed from this mixture to produce
a brown rice free of paddy.

This paddy is separated in a padd
rator, In the separation of paddy use is
of the different characteristics of paddy = -.
brown rice. These differences are: (1) the aver-
age weight of paddy by constant volume is
lighter than that of brown rice; this is some-
times expressed as “the specific gravity of
paddy is lower than that of brown rice”; (2)
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the paddy grains are more buoyant than the
brown rice kernels; (3) the paddy grains are
longer than the brown rice; and {4) the paddy
grains are wider and thicker than the brown
rice kernels. Basically there are three types of
paddy separators; the compartment-type, the
tray-type, and the screen-type.

The compartment-type paddy separater uses
differences in epecific gravity and buovancv
of the paddy grain and brown rice; the tray-
type separator uses differences in specific
gravity and length; and the screen-type paddy
separator uses differences in width and thick-
ness. This last type of separator, however, is
practicaily outdated and is very seldom used.
Most of the paddy separators are compart-
ment-type. It was only recently that the Japa-
nese introduced the tray-type separators.

Compartment-Type Paddy Separators

The main part of this paddy separator is the
oscillating compartment-assembly where the
actual separation of paddy and brown rice
takes place. This assembly is normally made
of wood; however, full stieel machines are also
produced. The compartment-assembly consists
of a number of compartments in one, two,
three, or sometimes four decks. The number
of compartments depends on the capacity of
the rice mill, and varies from 5 to 80. For up
to 10 compartments a simple deck will do;
from 12 to 20 compartments two decks are
normally used; up 1o 51 comparimenis, there
are three decks; and up to 80 compartments,
four decks are used.

For instance: 20 compartments, two decks
each with 10 compartments; 48 compartments,
three decks each with 16 compartments; and
80 compartments, four decks each with 20
compartments.

The capacity of a compartment is about 40
kg of brown rice per hour. This figure is nor-
mally used to determine the number of com-
partments required for a rice mill. Thus, a rice
mill with a capacity of 2000 kg of paddy per
hour (about 325 cavans per 12 h), and zn effi-
ciency of 80% would produce about 1600 kg
of brown rice per hour. Therefore, the number
of compartments required would be 1600/40
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= 40. In this case a compartmeft separator
of 48 compartments in three decks, each hold-
ing 16 compartments, would be sufficient.

It requires experience to balance the per-
formance of the paddy separator af optimum
capacity. A weli-adiusted paddy separator dis-
charges brown rice absolutely free of any
paddy grains and paddy with no, or only a few,
brown rice kernels. At the same time the ma-
chine must produce enough rice to meet the
mill separation requiremenis. The capacity and
feeding of the compartments are controlled by
(Fig. 165): (1) a valve for the control of the
main feeding; (2) an independent adjustment
of the feeding of each compartment by ar
adjustable valve; and (3) a handwheel-
controlled multisleeve valve controliing simul-
taneously the feeding of all compartments
from zero to maximum. The separation per-
formance is controlled by (Fig. 165): (4) the
adjustable inclination of the separator as-
sembly, also calied separator table; (5) the ad-
justable overflow strips for paddy at each end
of the compartments (paddy discharge side);
and (b) the adjustable frequency of the oscil-
lation.

FiG. 165, Adjustability of paddy separators: (i)
valve for control of feeding; (2) inde-
pendent control of compartment feeding;
{3y adjustable sleeve for all compartments;
(4) adjustable inclination; and (3) adjust-
able paddy overflow strip. The frequency
is also adjustable,
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It is essential that a perfect distribution of
the grain over the full length and width of the
centra! {eeding box on top of the separator
is continuousty maintained to feed zall com-
partments. For this reason two grain-feeding
spouis with control valves are sometimes in-
stalled. The feeding of each compartment can
be adjusted from zero to maximum by a simple
sleeve that can be lifted or lowered and whose
position can be locked with a screw. This sys-
tem makes it possible to reduce the number
of operating compartments in case the actual
feeding capacity is too smail for the separator. .

A multisieeve valve is not always installed
in the conventional-type paddy separator:;
however, its presence is essential for a smooth
and well-controlled equal distribution of the
grain over the compartments. It mainly con-
sists of a long steel strip with rectangular
perforations overlapping the feeding box out-
lets to the compartments. By handwheel adjust-
meni this strip can partly or even fully close
simultaneously all outlets feeding the many
compartments.

To obtain a perfect separation of paddy and
brown rice the separator table should be
slightly inclined, with the lifted position for
that side of the table where the paddy will he
discharged. This inclination depends on the
percentage of paddy mixed with the brown
rice, the variety of the paddy, the condition of
the paddy, and the feeding capacity. Because
all these factors are continuously changing,
it is necessary to regularly check the perform-
ance of the separator and adjust the inclination
when necessary. When the brown rice overflow
contains paddy grains, the inclination must be
reduced. This separation efficiency is not al-
ways adjustable through the wble inclination
and quite often the frequency of the oscillation
maust be increased or decreased as well. This is
done by belt transmission adjustment when
cone-shaped flat-belt pulleys are used, or by
adjustment of a totaily enclosed variable gear
box transmission.

Each compariment has an adjustable sirip
fixed at the end of the compartment to control
the overflow of paddy. This strip controls the
presence of brown rice since the heavier brown
rice kerneis will remain in the compartment,
whereas, the lighter paddy grain will float over

s
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the brown rice and strip (about 5-8 mm) for
immediate discharge.

Normally the stroke is not adjustable. How-
ever, a Wesi German manufacturer patented
a special design with adjustable stroke, which
will be discussed later. The frequency of the
separator table varies from 90 to 120 double
strokes per minute. Generally this frequency
is set between 95 and 105 per minute. When
not adjustable, the length of the stroke normal-
ly is about 200 mm.

How to Operate the Paddy Separator

The bottom of the compartment is a highly
polished steei sheet offering minimum resist-
ance to the grains moving over its surface.
The sides are Z-shaped steel flanks that have
an impact angle of about 30° (Fig. 166). The
grain, a mixture of paddy and brown rice, is
fed into the centre of the compartment, which
is slightly inclined, and moves over its width
back and forth with a frequency between 95
and 105 movements per minute and a stroke
of about 200 mm.

‘The impact of the Z-shaped flanks causes the
paddy grains to slide upwards along the bot-
tom of the compartment, The brown rice ker-
nels, on the other hand, move downwards and
leave at the lower end of the inclined compart-
meni. When the inclination is too low, brown
rice kermels move upwards with the paddy
grains, and the paddy overflow becomes badly
mixed with brown rice, This must be avoided
because this brown rice will be returned to the
huller, overloading the huller section and
damaging the brown rice during its unwanted
pass through the huller. When the inclination
is tco high, paddy grains move downwards
with the brown rice kernels and are fed into
the whitening section of the rice mill, which
must be avoided. Consequently, the setting of
the inclination should be controlled continu-
ousky.

When the paddy separator is built in two,
three, or four decks, the lower decks are fed
by small spouts. These spouts should pass
through the idle wiangles of the Z-shaped
flanks and never through the working area of
a czmpartment (Fig. 167). The triangles quite
often become filled with grain and dust and

Fii, 166. Internal construction of one compart-
ment of the paddy separator.

are a permanent source of insect infestation.
Therefore, the triangles in the top deck of the
separator should be sealed with a steel sheet
cap or wooden plug.

Aithough the pattern of the Z-shaped fianks
is basically the same, there are differences in
the size and detail of the available designs.
The German pattern is about the same as the
one used in Italy, but the size of the Z-pattern
of the German design is larger. The Indian
pattern, also used in the Philippines, has
rounded corners for a smoother flow of the
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Fi6. 167, Spouts to feed fower decks of separator
pass through idle triangles of flanks not
through the working area of the separator.

grain. For alt patterns, however, an identical
performance is recorded so no specific pattern
can be-recommended.

The inchination of the separator table can
only be changed when the machine is stopped.
It is adjusted by a handwheel fixed to a long
threaded shaft under the table (Fig. 168).
When this shaft is turned, two auts supporting
swingable levers are moved back and forth,
lifting or lowering the separator table, which
tits om 2 central shaft. The inclined position
of the table is locked by two handwheel screws
tFig. 169}

The separator zble must move horizontally
and remain perfectly aligned. The supports
for this table, either four or six, are specially
constructed o secure this pure horizontal
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FiG. 168. Inclination of separator table is adjusted
by turning a handwheel attached to a
threaded shaft that moves the supporting
swingable levers.

movement and to make sure that this rather
bulky machine will not move off its supporting
frame. A British design (Fig. 170, A) uses
swinging supports with teeth, rolling back and
forth over a toothed steel bar bolted to the
underframe. The pressure on the tooth trans-
mission is reduced by a spring-loaded weight
absorber. In German coastructions (Fig. 170,
B) the swinging supports have a side plate for
guidance, and a smooth polished bottom sut-
face that rofls back and forth over a smooth
hard-steel bar. The position of the support is
fixed by a spring-loaded assembly between the
support and the underirame. In the Philip-
pines, the supports are fixed on the under-
frame and roll- or ball-bearings are mounted
on the top of the support (Fig. 170, C). The
separator table moves over these bearings and
its position is kept in line by steel guidebars
mounted under the table. The movement is
very smooth: however, the bearings are used
under conditions violating all basic principles
related to bearing techniques.

The separator table should always be hori-
zontally levelled. However, since most of the
paddy separators are made of wood and work
under tropical conditions, they often bend,
which badly disturbs separation performance.
The bending of the table can be corrected if
cach side of the table is equipped with a
straightening device (Fig. 171). This should be
standard on all new machines; however, this
device can stilf be installed on existing units,

The so-called “rocking” of a paddy scpa-
rator happens very often and has a very dis-
twrbing effect on separation performance. The
separator table should move horizontally and
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FiG. 169. The separator table tilts on a central shaft

in a siraight line (Fig. 172, A). When the
swinging suppotts have not been aligned cor-
rectly with respect to the separator table and
the driving shaft, the table will not move in a
straight line, but, when moving horizontally,
will follow & curved line (Fig. 72, B). This re-
sutts {rom movement in two directions. As a re-
sutt the program of action of the grain, paddy
as well as brown rice, in the compartments is
disturbed and separation efficiency is reduced.

The szparator is driven by a flat-belt trans-
mission o by an eleciric motor through a
variable speed gear and V-belt transmission.
Conical pulleys are used to change the trans-
mission tatio, which adjusts the frequency of
the stroke between fixed limits (90-120 per
minute}l. The conical pulleys are fixed on the
main transmission shaft and ap intermediate
transinission shaft (Fig. 173, A), or can be
mounted on an intermediate transmission shaft
and the machine shaft driving the eccentric
rod (Fig. 173, B). Very often a motor-driven
variable gear box with V-belt drive over the
flywheel of the separator is used to drive the
paddy separator and to adjust, within specified
limits, the frequency of the stroke (Fig. 173,
). Several methods are used to obtain this

variable drive. One is a varinble ratio setting
controlled by an adjustable V-belt transmission
with conical discs. This system may be used
because the actual horsepower requirements
are rather low for this bulky type of machine
{about 0.6 hp for every 10 compartments). A
heavy flywheel secures a smooth balanced
operation of the machine.

The paddy separator may be placed in a
variety of positions in the rice mill because,
by design, the discharge spouts can be built in
various positions (Fig. 174). The paddy dis-
charge can be at the left or the right side, and
even when (wo separators are used simul-
tancously, both separators can discharge the
paddy at the right or left side. As an alterna-
tive, both separators can unload the paddy in
the centre, or the browa rice in the centre,
When two separators are installed in line, again
the paddy can be discharged at the left or the
right side. The separator compartments dis-
charge the grain into a collector that can dis-
charge in front of the machine, halfway to the
separator table, or at the end of the machine.
Therefore, when ordering a paddy separator
hoth its position in the mill and the placement
of the discharge spouts must be clearly stated.
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FiG. 170. Three different designs of supports for paddy separators: (A} British; (B) German; and (C)
Philippine. See text for details,
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Fig. 17t. Straightening device for paddy separators
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Fici. 172, Movement of the paddy sweparator. (A)
normal straight-line movement. (B) rock-
ing of separator caused by motion in two
directions. Results in reduced separation
efficiency,

Stroke Adjusiment

Normally the stroke of a paddy separator
cannot be adjusted; however, a German manu-
facturer has patented a system that allows
stroke adjustment (Schule separator). This is
a great advantage because the separation

FiG. 173, Frequency adjustment of the paddy
separator. (A) Conical pulley on main
and intermediate transmission shafls,
(B) Conical pulley on intermediate and
machine sheflts. (C and D) Motor driven
variable gear box, with ratios controlled
by adjustable V-belt transmission with
conical discs (D),

capacity of each compartment is increased by
at least 50%. This allows smaller separators to
be installed, meaning that if 60 compartments
were required normally, now only 40 compart-
ments are needed. The selection of capacities
is very limited and only separators with 24,
35, or 45 compartments, all in three decks,
can be supplied. Their capacities are about
1500, 2200, and 3000 kg of intake per hour,
respectively. Because this type of machine has
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Fio. 174. Different positions the paddy separator can occupy in a rice mill because of its flexible design,

been introduced in the Philippines and already
instalied in two large rice mills, the principle
of its operation will be explained. Our main
concern is the way the length of the stroke
can be adjusted.

Under normal circumstances the ecc .-
tricity is a fixed value (M-E)(Fig. 175, A", and
consequently the stroke is fixed too aainely,
double the eccentricity (e.g. crankshaft and

piston stroke) (Fig. 175, B). If, however, the
cccentricity M-E is obtained by two rods M-S
wnd 8-E locked in a fixed position by a locking
device at 8, the stroke can be made adjustable
by increasing or decreasing the angle between
rods M-S and S-E (Fig. 176). When that angle
is reduced to 0°, rods M-S and S$-E are in one
line, overlapping each other and the eccen-
tricity M-E is at its minimum value (Fig. 177,
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Fio. [75. Normal charecteristics of separator move-
ment: (A} stroke fixed at M-E: and (B
seentricity equal to 2 (M-E),

Fis. 177, (A} Angle between rods M-S and S-E is
¥ and stroke is at minimum value. (B)
Angle between the two rods is 180° and
stroke is maximized.

FiG. 176. Schule paddy separator with adjustable
stroke obtained by changing angle be-
tween rods M-S and S-E. mum values (Fig. 177, B). Any angle of rods
M-S and S-E between 0 and 180° will fix an
Al Consequently, the stroke made by this eccentricity and stroke between the fixed mini-
eccentricity is of minimum length. However, mum and maximum values.
when the angle is increased to 180°, rod M-S This principle is implemented in the sepa-
is in line with rod S-F, and both the eccen- rator with adjustable stroke. Rod S-E is ex-
tricity M-E and the stroke are at their maxi- tended and equipped with a swing rod that
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allows the whole device to be fixed with a screw
ito a circular groove on the horizontal fly-
wheel. The centre of rotation of this fivwheel
is M and the pin causing the eccentricity is E.
By moving the end of the V-shaped rod along
this groove the leagth of the stroke is changed
(Fig. 178). When the end of the rod is fixed in
position I the angle between rods M-S and S-E
is 0° and the stroke is micimized. At position
4 the angle is 180° and the stroke is maxi-
mized. Positions between locations I and 4 are
selected to give any desired stroke length (e.g.
position 3 in Fig. 178).

The ftywheel is driven by an electric motor
through a V-belt transmission. There are mark-
ings on the side of the flywheel that indicate
the positions in the flywheel groove where the
adjustment device should be locked for given
stroke lengths (Fig. 179, A). The locking screw
has & special safety design. The separator table
is moved back and forth over the full tength
of the selected stroke hecause the eccentricity
pin E moves between two guide plates of
special design mounted under the separator
table (Fig. 179, B). The entite mechanism of
drive, RBywheel, and stroke adjustment device
is built under the separator table and is very
compact (Fig. 179, C). The stroke, however,
can only be adjusted when the machine is not
operating. The table inclination is adjusted by
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a handwheel at the side of the machine that
lifts or lowers the entire frame supporting the
table (Fig. 180). The table rolls very smoothly
over large wheels with rubber bands and is
kept in line by guide-rolls. Heavy springs at
both sides of the frame, supporting the table,
partly neutralize the shock effect of the shak-
ing table and reduce the wear on moving parts,

Although it is their main product, compart-
ment separators are not exclusively designed
for paddy. They are also used for separation of
bird seeds, oats, peas, wheat, rye, barley, and
millet,

Tray Separator

The tray separator was designed in Japan
as a paddy separator and has now been in.
tensively introduced in most of the Far East
countries (Satake separator).

The machine is entirely made of steel and
basically consists of from three to seven identi-
cal indented trays having a double inclined
position. The trays are mounted one on top
of the other with a spacing of about 5 cm (2
inches). The front inclination is fixed and very
stight. The side inclination is adjustable (Fig.
181}, The tray assembly as @ whole moves up
and forward, making a jumping, slightly bent

Fig, 178, V-shaped extension added to rod S-E is fixed in a circular groove on the flywheel, By sliding the
rod along this graove the angle between rods M-S and S-E is changed and the length of the stroke

is adjusted.
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Fic. 179. Stroke adjustment of Schule separator.
(A} Markings oa Aywheel indicate ses-
tings. for specific steoke leagths, (B) The
eccentricity pin, E. moves in special guide
plates allowing separator table o move
along full length of stroke, (C) The entire
mechamism  fits compactly under the
separator table,

movement. The amount of grain fed into the
teft top side of the machine is adjustable, with
each tray receiving an equal quantity of grain,
Because of the double inclination and the
jumping movement of the tray assembly, the
paddy and browan rice slowly move to the right,
separating brown rice on the top of the tray,
paddy on the bottom of the fray, and leaving
a mixtere of paddy and brown rice in the
centre part. The tray overflow, therefore, has
three products (Fig. 181): (1) brown rice, fed
to the whitening machine; (2j paddy, rerurped

to the hullers; and (3) a mixture of paddy and
brown rice recirculated immediately to the
same separator. Consequently, the intake
capacity of the tray is the sum of newly loaded
grain plus the recirculated mixture,

In its separation process this type of ma-
chine makes use of differences in the specific
gravity and length of the paddy grains and
the brown rice kernels. Because of the upward
jumpirg movement of the trays the grains will
be lifted off the tray. The brown rice kernel
jurmps higher than the paddy (Fig. 182). Conse-
quently, the brown rice kernel will reach the
tray at a more remote point from its initial
lifting point than the paddy grain. Its down-
ward movement is partly neutralized by in-
deats in the tray that are wide enough to have
a grip on the brown rice kernels, but not to
have a suflicient grip on the paddy (Fig. 182),
The downward movement of the brown rice
kerne! over the tray, therefore, is less than the
movement of the paddy. Slowly the brown
rice creeps to the upper part of the tray and
the paddy slowly moves down to the lowa
part of the tray. This separation is not com-
pleted when the grain reaches the overflow
end of the tray, so three products are dis-
charged: brown rice, paddy, and a mixture of
brown rice and padily.

The actual separation process starts the
moment the paddy is loaded onto the (ray.
However, the production of pure paddy and
brown rice can only be observed when the
grain is about halfway down the tray. Different
varieties of paddy produce different patterns
of movement; therefore, it is necessary to ad-
just the inclination of the separator and the
position of the Aaps separating the three over-
flow chambers (Fig, 183).

The table inclination is adjusted by turning
4 handwheel that turns a shaft through a gear
transmission. The principle of adjustment is
the same as the compartment separator; how-
ever, with this machine the table inclination
can be set when the machine is in full opera-
tion.

Difficulties with the performance of the ma-
chine are encountered when the shape of the
indents do not correspond wiih the length
characteristics of the paddy and brown rice
or when wet or dirty grains are processed. In
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Fig. 180. Table inctination is adjusted by lifting or lowering the entire supporting frame. This adjustment is

passible enly when the machine is stopped.

the latter case the indents become filled with
dirt making separation very inefficient.

Screen Separators

A screen-type paddy separator is very simply
constructed. It is a multilayer oscillniing sieve
with from 6 to 15 screens. Each tray is covered
with a wire screen that lets the brown rice pass

through but not the paddy grains. lts opera-
tion, therefore, makes use of the differences
in width and thickness of the paddy grain and
brown rice kernel. The overflow of the trays is
paddy, and the screen discharge is supposed
to be the pure brown rice. Its separation effi-
ciency, however, is insufficient and along with
the brown ol nuair, adeistzed puddy grains
are discharged. Apart from its low efficiency,
this type of separator has an additional disad-
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- Fic. 182. Operation of Satake paddy scparator,
(A) Brown rice is lifted higher than the
- Becitculation of mixed paddy and moves up the separator tray,
o rice and paddy Paddy £B) Indents in the tray grip the surface of

the brown rice, but do not hold paddy very
well and. therefore, the brown rice suffers
Fis. 181, Satake paddy separator. The separation less downward movement.
peoducts are: (1) brown rice; (2) paddy:
and (3ya mixture of paddy and brown rice,
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Fic. 183, The inclination of the separator and the
fiaps controling the three overflow cham.
hers are adjustable to accommodate the
different patterns of movement of different
paddy varieties.
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vantage. For each different variety to be pro-
cessed, @ different screen mesh is required.
making it necessary to change alt the trays and
to keep a selection of wire screens in stock.

In the rice mill industry this type of machine
was abandoned many vears ago. However, a
Jepanese manufucturer is still implementing
this priaciple, and recently a small rice mill
designed in the Philippines made use of the
screentype sepatator, —— HARRY VAN RUITEN.
Department of Agricultuvel  Engineering,
College of Agriculture, University of the
Philippines at Los Badios, College. Laguna,
Philippines.

Whitening
and
Polishing

In the process of whitening, the silver skin
and the bran layer of the drown rice are re-
moved. In the process of polishing the
whitened rice, the bran particles still sticking
to the surface of the rice are removed. and
the surface of the rice is slightly polished to
give it a shinier appearance. Polishing, there-
fore, always takes place after completion of the
whitening process.

Seme confusion exists about the words used
for these processes. Whitening is sometimes
called "polishing” or "milling.” Polishing is
sometimes called “refining” or “grinding.”

Three kinds of whitening machines are
widely used in the rice processing industry:
(I} the vertical abrasive whitening cone; (2)
the horizontal abrasive whitening machine:
amd (3) the horizonta) jet pearfer.

The vertical whitening machine in its pres-
ent form is based on an initial European de-
sign. ks made by many manufacturers all
over the world and is still widely used for the
production of undermitled rice as well as for
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fiest-class rice milled for quality-otiented ex-
port markets.

The hotizontal whitening machine devel-
eped in Japan after World War 1T is well suited
to the short-grain Japanese varieties of rice:
however, its introduction it other countrics
of the Fur East and Asia has been deluyed be-
cause sensitive adjustments are necessary to
accommodate medium and long paddy varie-
ties. Whea this machine is fully adjustable to
all paddy lengths its introduction as a substi-
tute for the vertical cone-type whitener will
have bright prospects.

The horizontal jet pearler is basically a dif-
ferent design than the horizontal abrasive
whitening machine. Actually the machine is
partly a whitening machine and partly a polish-
ing machine, with the whitening performance
cmphasized. It is called a jet pearler because it
blows an airstream through the rice being
processed in the machine. [t was introduced
about [0 years ago and is slowly gaining popu-
Farity.

Two types of polishing machines are used
in the rice miit industry: (1) the vertical cone-
tyvpe polisher; and {2) the harizontal polisher.

The vertical cone-type polisher looks similar
to the vertical abrasive whitening cone: how-
ever, the abrasive coating is replaced by leather
strips and no rubber brakes are installed.

The horizontal polisher, which is slowly
gaining popularity, was developed in Japan
about 1 years ago and is actually based on the
same principle as the vertical cone-shaped
machine,

The Vertical Whitening Cone

This machine basically consists of a cone-
shaped cast iron cylinder with an abrasive
coating. The cone is fixed on a vertical shaft
that rotates either clockwise or counterclock-
wise. A wire screen that has a mesh size de-
pending on the variety of paddy to be hulled
is fixed around the cntire cone, The average
distance between the cone coating and the
screen is about O mm. At regular intervals
the wire screen is divided into segments by
adjustable rubber brakes, These brakes are 30~
50 mm wide depending on the size of the ma-
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chine. The number of rubber brakes depends
on the diameter of the cone and the preference
of the manufacturer.

In Germany, the number of brakes is de-
termined by the following formula: n =
(D/100) — 2 where D = the cone diameter
in millimetres. For example if P == 800 mm
then n = (800/100) — 2 == 6. Therefore, the
nuraber of brakes is six. In Haly a different
formula is used: # = D/100. For example if

PO = 8.

The rotating whitening cone (Fig. 184) is
vertically adjustable so the clearance between
the abrasive coating of the cone and the wire
screen can be adjusted. This adjustment de-
pends on the variety of rice, the condition of
the grain, the process method, and the wear
of the costing. The rubber brakes (Fig, 184,
no. 4} in the wire-s¢reen frame are adjustable
through a simple handwheel adjustment, and
thetr ¢learance with the cone surface is only
about 2-3 mm.

The brown rice is fed inte the centre of the
machine through a small hopper. A vertically
adpustable eylindrical sfeeve (Fig. 184, no. 11
regulates the capacity and equal distribution
of the brown rice over the entire surface of
the rosting cone. By centrifugal force the rige
is fed between the cone and the wire screen.
if no rubber brakes were instatled, the rice
would very quickly pass through the free space
hetween the cone and wire screen and nothing
would happen. However, the presence of the
rubber brakes prevents the immediate dis-
charge of the rice. The resistance built up by
these brakes brings the grain uader pressure
and presses it against the abrasive coating of
the cone and against the wire screen. This
friction removes part of the bran layer. The
bram passes through the wire screen and drops
into. the cone housing. The partly or fully
whitened rice leaves the cone, falls into a self-
unloading discharge spout (Fig, 184, no. §),
and is fed to 4 bin for further processing. The
bran is s¢raped from the bottom of the cone
housing by a rotating scraper (Fig. 184, no. 6y
and is unfoaded intc a spout for bran dis-
charge (Fig. 184, no. 7).

The rotat:ag scraper is driven by a gear
whee] (Fig. 184, no. 8!} fixed on a vertical shafi
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that is driven by a flat-belt transmission from
the vertical cone shaft (Fig. 184, ac. 9). Air
is sucked through this machine to cool the
grain and at the same time to remove part of
the bran (Fig. 184, no. 10). This makes it
necessary to blow the air to a cyclone for bran
separatiot.

Vertical adjustment of the rotating cone is
done manually,. The entire shaft-cone as-
sembly is moved by moving the housing of
the shaft end-bearing (Fig. 184, no. 11). A
simple handwheel adjustment, which s
me:::ited on the base of the cone frame, is used
to lift or lower the steel bar that supports the
bearing housing. The supporting bar is con-
trefled by either one or two handwheels. If
controlied by one, one end of the supporting
bar is hinged to the base of the cone frame.

The peripheral speed of the cone should be
about 13 m/s, making the speed of rotation
of the shaft a function of the diameter of the
cone. The larger the diameter of the cone, the
tower the speed of the shaft (Fig. 185).

Examaple

If D = cone diameter == 700 mm (0.7 m),
and ¥ = peripheral speed = 13 m/s
xDxn
Ve Tl m/s
<0 (m/s)
o eoxV 60X 13
 xx D 314x07

Quite often, whitening cones are not prop-
crly used. When the machine is only half-filled
with rice. the rubber brake will not be able
to build up a constant pressure and the rice
will jumgp into the open spacz between the cone
and the wire screen. This will vnnecessarily
break the rice, and the abrasive coating and
rubber brakes will wear unevenly, making
proper adjustment and performance of the
machine practically impossible. Therefore, it
is always necessary (o run this type of ma-
chine with a fully loaded cone.

Because the whitening cone must run with-
out any vibration, it is important to have this
heavy part of the machine property fixed to
the top of the main shaft. To secure a perfect
positioning of the cone on this shaft, the top
end of the shaft is tapered (Fig. 186, A). How-

== 355 rpm
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Fi. 184. The vertical abrasive whitening cone.

ever, a smail impurity on this part of the shzft  duced when the taper of the shaft and cone
or the slightest damage to the tapered surface s limited to two small areas, which still secure
will make correct assembling impossible and  the same positioning of the cone on the shaft
vibration of the cone will result, causing ex- (Fig. 186, B). When the cone is lifted the clear-
cessive breakage of the rice. This risk is re- ance between the rubber brakes and the cone
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Fia. 185, Peripheral speed curve for whitening cone
(V = 13m/s),

is increased and must be readjusted. A similar
adjustment is necessary if the rubber brakes
wear, The rubber brake assembly, therefore,
is made easily accessible. By opening the doors
of the cone housing the required adjustment
can be mad» by a simple handwheel (Fig. 187).

The rep'.cement of worn brakes has also
been made simple, aithough there are different
methods of fixing the rubber on the clamps.
The most commonly used system abroad is an
external swalliow-tail connection betwecn the
rubber and wood that secures a perfect clamp-
g, leaves a maximum of solid rubber avail-
able for the operation, and makes it possible
to use the wooden clamps continuously (Fig.
188, Aj. The internal swallow-tail connection
is also used (Fig. 188, B); however, less solid
rubber is made available here and quite ofien
the swatlow-tailed wooden clamp is damaged

Fii, 186, Tapered end of shaft supporting whitening
cone. (A) Complete taper. (B) Taper
limited 10 two small areas to minimize
the chance of a small impurity or damage
to the tapered surface interfering with
proper assembly.

';3)37:*“//}‘17/// ]
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Fic. 187. Simple adjustmert mechams=i for rubber
brake,
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bevond repair. In the Philippines the rubber
brake is normally glued onto the wood (Fig.
188, C). This system is not recommended.

New rubber brakes are straight square bars
(Fig. 189, A). However, during the whitening
process, because of the friction on the rubber
when the rice passes between the brake and the
cone, the brakes wear out and follow the pat-
tern of the cone (Fig. 189, B). Eventually both
the top and bottom parts of the brakes will
have a so-called “pose” that disturbs the free
flow of the rice and is responsible for un-
necessary breakage (Fig. 189, B). These
“noses” should be removed reguifarly.

The wire-screen casing, which follows the
shape of the cone is built of three to eight
segments, depending on the size of the cone
and the preference of the manufacturer. Some.
times the brake assembly is part of the wire-
screen segment and is Pxed in the frame of
these segments (Fig. 190, A). In another sys-
tem the brake assembly is permanently fixed
in the frame of the cone housing and the wire-
screen segments fit between the assemblies
{Fig. 190, B). The advantage of this system is
that the screens can be replaced without dis-
turbing the adjustment of the brakes.

Screen repair or replacement is often neces-
sary. Because of the friction caused by the
rice, the wire screen wears out and rice pours
through the hofe in the screen. This can be
determined by checking the bran discharge
regularly. When rice is mixed with the bran,
it can be presumed that at least one screen
segment needs repair or replacement. This re-
placement can only be done when the machine

Fig. 188. Methods for attaching rubber to wooden
clamps. (A} External swallow tail. (B)
Internal swatlow tail, (Cy Glue.
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FiG. 189. (A) New rubber brakes are straight and
square. (B} The brakes eventually develop
“noses” that must be removed to avoid
unnecessary rice breakage.

is empty and not running, so a quick replace-
ment system is recommended.

In this machine any vibration in the machine
coniponents must be avoided to prevent break-
age of the rice. In this respect, proper bearing
of the shaft and maintenance of these bear-
ings is very important, What has been men-
tioned about shaft end-bearings of the under-
runner disc huller with respect to construction
and maintenance also applies to the whitening
cones sinee the same designs are followed. The
same applies to the bronze upper bearing,
which mainly absorbs radial forces. For larger
diameters of the cone this bronze upper bear-
ing can be replaced by a self-centering ball-
bearing assembly (Fig. 191). The entire as-
sembly is clamped on the shaft and moves up
and down with the shaft when the whitening
cone is adjusted. For this reason the bearing
assembly has a grooved guide block (Fig. 191,
no. 1), that at the same time houses the seif-
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Fic. 190. (Aj The brake assembly is pari of the wire screen segment and is fixed in the frame of these seg-
ments, (B) The brake assembly is permanently fixed in the frame of the cone housing and the wire
screen segmens fit between the assemblies.

centering ball-bearing (Fig. 191, no. 2). This grease and sealed on the shaft by filterings.
bearing is clamped on the shaft by a cone- The bearing assembly is protected against
shaped clamp bush (Fig. 191, no. 3). The entire  direct infiltraiion of bran and rice particles
bearing house (Fig. 191, no. 4) is filled with by a steel coves, wnich is fixed on the shaft.




FiG. 191, Scif.cemering uppet shaft ball-bearing
assembly of the whitening cone.

The cone shaft is normally driven by either
s fat-belt or s V-belt wansmission, similar
to those used for the under-runner disc huller.
Therefore, what has been meationed about fiat-
belt puiley drives, V-belt transmission drives,
and belt adjustment problems of the under-
runner disc hullers also applies to the whiten-
ing cones. However, because three or more
whitening machines are usuzlly installed in a
ailt, the direction of rotation of the machines
sometimes requires speciat attention.

When mounted on independent foundations,
the direction of rotation is of no importance
and can be clockwise or counterclockwise for
ali machines. However, quite often the frame
supporting the cone assembly s a part of the
entire rice mill frame that supzoris practically
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all the rice-milling machines. A clockwise-
rotating machine, in this case a whitening
cone, causes a clockwise-directed -ension in
the frame of the mill. When multiplied by
more machines, it may cause an unpleasant
vibration of the entire mill frame. This effect
can be neutralized by rotating the first ma-
chine clockwise, the second machine counter-
clockwise, and so on (Fig. 192).

In many rice mills the abrasive coating is
applied to the cone in a rather primitive way
so that it is practically impossible to secure a
uniformly shaped working surface. However,
very simple and cheap tools can be made that
provide a perfectly shaped surface of the cone.
in this respect two methods are used.

In the first method, with the cone turned
upside down, the coating is applied manually
and its uniform shape is formed by a rotating
scraper (Fig. 193). The second method uses a

TRANSMISRION CONE SHAFT

FiG. 192, Direction of rotatton of the whitening
cones should be alternately clockw: e and
counterclock wise for multipass whitening,




MILLING 261

Fis. 193. Rotating scraper used to shape the whiten-
ing come after it has been recoated.

special cone-shaped mould, following exactiy
the pattern of the cone {Fig. 194, no. 1). The
coating is poured between the mould and the
cone body, is rammed by a simple tool {Fig.
194, no. 2) to eliminate air bubbles. and is
rounded by a hand scraper (Fig. 194, no. 3).
Any correction to the surface of the abrasive
coating is done by simple redressing tools.
which can be fixed inside the cone housing
{Fig. 194, no. 4}. The use of these tools is in-
dispensable for achieving smooth and efficient
operation of the whitening cone.

In the Philippines a2 pure emery composition
for the coating of the cones is generally used.
Normally this composition consists of 100
weight units emery grit 16 (or sometimes 50
weight units of emery grit 16 plus 50 weight
units of emery grit 18), 20 weight unit magne-
site, and magnesium chloride brine (30°
Baumé). This composition is not used abroad
anymore and has been replaced by a new
composition that has both better whitening
capacity and efficiency and results in longer
life of the coating. The recommended compo-
sition includes a new component, silicium car-
bide (carborundum), whose hardness is about
two and one-half times higher than that of
emery. The recommended composition for
cones is: grit (25% emery grit 16, 50% sili-
cium carbide grit 16, and 25% silicium car-
bide grit 18); 20% magnesite; and 20% mag-
nesium chloride brine (30° Baumé). This com-

posiuon is for the first and second whitening
cones. For the third whitening cone the grit
part of the composition can be 25% emery
grit 18 plus 75% silicium carbide grit 18.

What applies to the positioniug of the under-
runner disc hullers in a rice mill also app'ies
to the whitening cones; therefore, these ma-
chines can be installed on- (1) an elevated
foundation {(Fig. 195, A); (2) the ground floor
tevel (Fig. 195, B): or (3) working floor level
with frame support (Fig. 195, C).

A whitening machine removes the bran from
the brown rice by friction, and the friction pro-

Fic. 194. Special tools for the recoating and re-
dressing of the whitening cone: {1) cone-
shaped mould; (2) simple ramming too!;
(3) hand scraper; and (4) redressing tool,
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Fia. 195. Different positions for the whitening cone.
(A) Elevated foundation. (B) Ground
floor level, (C) Working floor level with
supporting frame.
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FiG. 196. Multipass whitening increases rice mill recovery by reducing the amount of rice breakage.
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duces heat. When all the bran is removed in
one simple whitening pass, the residence time
of the grain is increased, and the clearance
between cone and screen is reduced. Conse-
quently, friction is applied to the grain, and
the grain becomes hot. Since friction and heat
are responsible for breakage of rice, and are
to be avoided, it is recommended that the bran
iayer be removed in three or even more passes.
This reduces the residence time of the rice in
the machine and allows the clearance between
the cone and screen to be increased. The
amount of friction is thereby reduced and as
a result the temperature of the rice is lowered.
This process is called “multipass whitening”
and is aimed at increasing rice mill recovery
by reducing the amount of rice breakage (Fig.
19€). Multipass whitening produces higher rice
mill recovery because there is: (1) an increased
head rice yield; (2) a reduced percentage of
large brokens, and (3) a reduced percentage
of small brokens.

Multipass whitening does not involve much
more investment than single-pass or double-
pass whitening. This is because the capacity of
a cone for single-pass whitening is much lower
than for multipass whitening because of dif-
ferences in residence time and clearance ad-
justment. Thus, for a required capacity the
size of the cone needed for single-pass whiten-
ing is much iarger than the size of the whiten-
ing cones used for multipass whitening. For
example, if a mil} requires a capacity of 1200
kg of rice per hour this can be accomplished
by: (1) single-pass whitening with one 1000-
mm cone (Fig. 197, A); (2} double-pass
whitening with two 800-mm cones (Fig. 197,
B); or (3) multipass whitening with three 600-
mm cones (Fig. 197, C). For cones 600 mm in
diameter the capacities for the different
whitening processes are: (I) single-pass whiten-
ing 700 kg/h; (2) double-pass whitening 1000
kg/h; and (3) multipass whitening (three
cones) 1200 kg/h.

Compared to the sturdy, solidly constructed
vertical whitening cone, the horizontal whiten-
ing machine developed by the Japanese is more
compact in its construction details. Basically
the machine consists of a cylindrical abrasive
roli (Fig. 198, no. 2) clamped on a horizontal
shaft (Fig. 198, no. 1) that runs at high speed
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Fic. 197, Three ways of producing 1200 kg of rice
per hour. (A) One HOO-mm cone,
(B) Two 800-mm cones. {C) Three 600-mm
cones,

{about {000 rpm) in a cylindrical whitening
chamber, which is covered with a slotted per-
forated sheet (Fig. 198, no. 6). A feeding screw
(Fig. 198, no. 4), fixed on the horizontal shaft,
feeds the rice into the free space between the
abrasive roll and the slotted cylinder. A
counter pressure is built up in this space by an
adjustable valve (Fig. 198, no. 5) fitted in the
rice putlet spout of the machine. The counter
pressure of this valve, which is controlied by
a weight balance, controls the pressure and
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FiG. 198. Horizontal whitening machine {Satake).
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friction appiied to the rice inside the machine.
Over the full leagth of the cylindricai housing
three rows of adjustable steel brakes are in-
stalled that can be adjusted from 0° (axial) to
90° (radial) (Fig. 199, no. 1~3). These ad-
justable brakes direct the position of the rice
grain inside the machine during the whitening
o
‘‘‘‘‘‘‘‘‘ 2

efficiency.

For a long grain variety the position of the
brakes is 0° (Fig. 200, A). The rice grains are
lined un in an axial direction and roll under
pressure through the whitening chamber. For
short grain varieties (ne position of the brakes
is 90° (Fig. 200, B). In this case the rice is
lined up in a radial direction and tumbles
through the pressure chamber of the machine.
If long grain rice is processed in the machine
at the 90° adjustment of the brakes the grain
will be badly broken.

The brake adjustment has a range between
0 and 90° and the correct angle of adjustment
depends on the variety of rice to be processed.
This remains a very critical point in the opera-
tion of this machine and requires an experi-
enced operatcr. A disadvantage of this ma-
chine is that the clearance cannot be adjusted.
Once the diameter of the 250-mm roil is re-
duced by about 6 mm it must be replaced.
The rolls, which are made of grit 32 silicium
carbide, cannot be recoated and new supplies
from the manufacturers have to be secured
continuously.

The Jet Pearler

The jet pearier is a machine that, in a Japa-
nese dJesigned whitening process, is used for
the last pass of the rice. Its objective is to re-
move the final part of the bran layer and
simultaneously cool the grain through an air-
stream of ambient temperature.

It consists mainly of a horizontal, partly
hollow, perforated shaft (Fig. 201, no. 1) on
which a cast steel cylinder with friction ridges
is clamped (Fig. 201, no. 2). Just behind the
two ridges the cylinder has a long opening
that allows the passage of air. This cylinder
runs in a hexagonal chamber (Fig. 201, no. 5)
consisting of two half-hexagonal perforated
screens with s!owted perforations (Fig. 202, A).
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FiG. 199. Cylindricat abrasive roll of horizontal
whitener showing the slots in the drum
and the adjustable steel brakes,

Fio. 200, (A) Brakes of the horizontal whitening
machine are positioned at 0° for long
geain varieties of rice, (BY The correct
setting for short grain varieties is 90°.

A feeding screw (Fig. 201, no. 3), mounted on
the solid part of the horizontal shaft feeds the
rice into the press chamber of the machine.
Here a counter pressure is built up by an ad-
justable valve fitted in the rice outlet spout of
the pearler. A strong airstream is blown by a
centrifugal blower (Fig. 201, no. 4) through
the hollow shaft and the openings of the cast
steel cylinder (Fig. 204, B). The air passes
through the rice that is rolling under pressure
in the chamber of the pearler and removes the
freed bran as it leaves the machine through the
slotted screens. The quantity of air blown
through the machine can be adjusted by an air
sleeve mounted at the air intake side of the
blower (Fig. 201, no. 6).
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Fia. 201. Details of jet pearler (Satake).
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Fic. 202, (A) Hexagonal perforaied screen used in
jet pearler. (B) Friction ridges of the cast
steel cylinder. (C) Hollow perforated
shaft that the air stream is blown through,

The clearance between the hexagonal screen
and the cast steel cylinder is adjustable by a
screw controlling the distance between the two
halves of the screen (Fig. 201, no. 7). Al-
though the feeding pressure of the feeding
screw is constant, the pressure inside the
chamber is variable because the counter pres-
sure caused by the valve in the outlet spout
can be varied by adjustment of the counter
weights (Fig. 204, A). The actual pressure on
the grain is the total of the feeding pressure
and the counter pressure.

The rice produced by this machine is free
of bran, slightly polished, and cool. However,
for medium- and long-grain varieties its per-
formance is not as good as for short grain
varieties and there is a considerable increase
in the amount of brokens. In addition wear on
the screen is considerable and replacement
cylinders are quite expensive. Both of these
parts are supplied by the manufacturer and a
regular supply must be available.
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The Vertical Polishing Cone

This machine looks similar to the verticai
whitening cone (Fig. 203); however, there are
basic differences: (1) the cone itself is made
of a simplified steel construction and is covered
with wood on which leather strips have been
nailed {Fig. 206): {2) no rubber brakes are
used; and {(3) the speed of rotation of the cone
is about 25% lower than the whi.ening cone.

The feeding of the rice into the machine is
identical to the method used for the whitening
cone. When the rice enters the space between
th: cone and the wire screen, it is gripped
by the leather strips that roll the grains over
each other and against the leather and the wire
screen. Under slight pressure the remaining
bran particles are removed and the ricc be-
comes shinier or more transparent. This ma-
chine prodices few brokens and its power con-
sumption is slightly lower than a comparable-
sized whitening cone.

The Horizontal Polisher (Refiner)

The horizontal polisher was designed in
Japan and actually is based on the same
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FiG. 203, Vertical polishing cor
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Fi1G. 204, (A) Counter pressure is regulated by a counter-weighted valve, Milling pressure is the sum of the
feeding and counter pressures (Py = feeding pressure = constant, P, = counter pressure =
variable, P,y = milling pressure = variable). (B) Air is forced through the hollow shaft and
openings in the cylinder and removes the bran from the rice.
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FiG, 205. Horizontal polishing machine (Satake refiner).
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Fic. 206. (A) Cone of vertical polisher is covered
with wood that has leather straps nailed
to it. ¢B) Rice is gripped between the
leather strips and the screen to remove the
remasting bran and o polish the rice.

principles xs the verticai polishing cone (Fig.
205).

It consists of a stee! cylinder on which a
large number of leather strips (8 X 17 ¢m) are
screwed (Fig. 205, no. 1). This cylinder is
mounted on a horizontal shaft that rotates in-
stde « cylindrical chamber covered with slotted
perforated screens. The polishing process is
idemtical to that of the polishing cone. The rice
leaves the machine through an outlet spout
and the bran falls through the screens into a
V¥-shaped collector for discharge by = con-
VEyor.
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The leather strips can easily be replaced and
a focal supply can be secured. The horsepower
consumption of this machine is low compared
with polishing cones of the same capacity, for
example: a 2000 kg/h vertical polisher re-
quires about 8 hp and a 2000 kg/h horizontal
polisher about 5 hp. — HARRY vaN RUITEN.
Depurtiment  of  Agricuiturai  Engineering,
Callege of Agriculture, University of the
Philippines at Los Baitos, College, Laguna,
Philippines.

Glazing

In some countries there is a special demand
for glazed rice. Glazed nice is rice that appears
shinier and meore transparent because the sur-
fage is coated with a thin layer of talc and
glucose. The glazing process is more eifective
on rice that is already transparent by nature
than or rice that is chalky or has & white betly.
Normally only head rice is glazed; however,
seldom is the full head rice production of a rice
milt passed through the glazing plant. There-
fore, glazing installations have a capacity that
is normally much smaller than the head rice
production of a rice mill.

Glazing equipment is not instailed as a
section of the rice mill but is installed as an
independent unit in a separate building or
location. The main machine in the glazing
plant is a large, horizontal, rotating glazing
drum.

Rice is normally glazed in batches. The glaz-
ing drum is partly loaded with rice and is
slowly rotated. White shiny talc powder and
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a givcose solution are then added to the rice.
About 1-1.2% by weight of the dry talc
powder is required (1012 kg of tale for 1000
%g of the head rice). Glucose is added to the
rice as a 1:1 solution with water that is thor-
oughly mixed and. if possible, slightly heated.
The glucose solution i either added dropwise
or by a spray mechanien. About 2 10% alu.
cose solution is required (100 kg sotution for
1000 kg of rice). In the final step of the process
the water is evaporated and the glucose and
talc remain sticking to the surface of the rice
grain. Consequently, from 1000 kg of miiled
rice, about 1060 kg of glazed rice are pro-
duced.

The Glazing Drum

Although many types of glazing drums have
been designed they are all based on the same
principle. Differences may exist in the diam-
eter, length, shape, drive, or the unloading
s 'stems but all of the glazing drums are slowly
rotating cylinders. The diameter of the drum
vaties between 600 and 2000 mm. and the
length between 1500 and 5000 mm. The pe-
ripheral speed (V) of the drum should be
about 1.3 m/s. To calculate the required speed
of rotation of the drum in metres per second
the relationship V ={x X Dxn)/60 is
used. For a drum 1300 mm (1.3 m) in diam-
cter the number of rotations per minute (n)
BS{(Vx60)/(#xX D) =(13xX60)/ (314
% 1.3) = 19 rpm.

Glazing drums are normaily lined with
wooden boards, and always rotate in a fully

Fis. 207, End view of the glazing drum showing the
input in the centre of the drum (1), the
endsleeves for grain discharge (2), and
the rollers that the drum turns. o (3).
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horizontat position on two or three sets of rolls
(Fig. 207). The rollers on one side of the
arum are fitted on a shaft that is driven by a
flat-beit transmission; a V-belt transmission,
or an electric motor - gear box transmission.

Rice, already mixed with the tale and the
glucose solution, is fed into the centre of one
end of the drum (Fig. 207, no. 1). A spiral-
like scoop (Fig. 208, no. 1) supports the mix-
ing performance of the rice and gives the rice
the correct direction foi ualoading. After 1-2
h of continuous mixing, the grain is unloaded
through endsleeves (Fig. 208, no. 2} and is
discharged into an elevator spout or onto a
belt conveyor (Fig. 208, no. 3.

Simple Glazing Plant (Batch Typey

A simple glazing plant (Fig. 209) consists
of: (1) & bin holding the head rice; (2) a small
container holding the dry tale; (3) a mixing
conveyor in which the rice and talc are care-
fully mixed for immediate discharge into the
glazing drum; (4) a container, which can be
heatad, that holds the glucose solution that is
added to the rice on its way to the glazing
drum; and (5) a horizontal rotating glazing
drurn.

For larger plants a fully automated glazing
system can be installed. In this case, three
functions of the batch-type glazing drum, mix-
ing, drying, and cooling, are done by three dif-

FiG. 208. Cross section of glazing drum showing
the spiral-like scoop that aids mixing (1).
the endslesves (2), the belt conveyor for
discharge (3), and the electric motor
providing the power to turn the drum (4).
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Fro. 208, Components of simpie glazing plant
¢(hateh type): (1) bin holding head rice;
€23 bin holding dry wlc; (3) mixing con-
veyor; (4) container for glucose solution.
and ¢5; glazing drum.

ferent machines. Sometimes melted paraflin is
added to improve the glazing performance of
the plant.

Fully Automatic Glazing Plant

Such a plant (Fig. 210) can consist of: (1)
# bin holding the head rice; (2) a container
holding the dry tale; (3) a tale-rice mixing
conveyor; (4} a glucose-water solution con-
tainer; and (5) a giazing drum that, in one sfow
pass, mixes the rice with the talc and the glu-
¢ose solution. This drum continuously dis-
charges the grain into a horizontal rotating
mixer (6) that is indirecily heated by steam.
On its way to this mixer, the rice is sprayed
with heated paraffin stored in a heated
container (7).

By heating the paraffin it remains in a liquid
state and mixes well with the glucose. This
ensures an equal distribution of this mixture
over the surface of the grain and, at the same
time, allows some water from the glucose solu-

Fuws. 210, Components of an auwtomatic glazing
plant: (1) bin for head rice; (2) bin for
tale; (3) mixing conveyor; {4) container
for glucose solwtion; (5) glazing drum;
{6) rotating mixer: (7} heated paraftin
container; (8) air-cooled mixing drum;
{9) water-discharge fan; (10) oscillating
sieve; (11) discharge for grains sticking
together; and {12) discharge for loose
glazed rice,

tion to be evaporated and partly discharged.
The heated mixer continuously discharges the
grain into an air-cocled horizontal mixing
drum (8), where the air, sucked through the
mixer, cools the rice and discharges evapo-
rated water v he same time (9). This air-
cooled mixer . My discharges the grain onto
an oscillating sieve (10) that removes head rice
grains that, in spite of the intensive mixing
performanpce, have stuck together as a result
of the added ghicose and paraffin. This sieve,
which is normally covered with a perforated
sheet with wide slots (3.5 mm), finally pro-



MILLING

duces glazed head rice grains sticking together
(to be reprocessed) (11) and glazed dry loose
head rice grains (12) ready for bagging or
packaging. — HARRY vAN RUITEN. Depart-
ment of Agricultural Engineering, College of
Agriculture, University of the Philippines at
Los Bakios, College, Laguna, Philippines.

Comparative
Performance

The Government of India constituted a
committee to study and evaluate the overall
performance of seven modern rice mills set
up in 1955-1966. The purpose of the com-
mittee was to compare the relative perform-
ance of these mills with the traditional
sheller and huller mills based on yield and
quality of rice in the various regions. Starting
in 1966, the committee carried out a 2-year
program of evaluation studies,

The committee was to determine the extent
of the increase in the yield of total and head
rice from modern mills as compared with
the outturn from the existing-type sheller and
huller mills in the respective region or area,
The mills were to be used just as they were
being operated, without any modification, im-
provement, or overhauling. Comparison of one
moderm mill with another was not included
in this study.

Mill Equipment

The moderm mill machinery, which was of
four different makes, consisted of: a paddy
precleaning system fitted with sieves, aspira-
tion devices, and a magnetic separator; rub-
ber roll shellers; improved husk and bran
aspirators; efficient paddy separators; im-
proved rice whiteners; bran sifters; graders;
and auxiliary equipment such as elevators, con-
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veyors, cyelones, and automatic paddy and
rice weighing machines. The location of the
mills, the capacity of the plants, and the type
of equipment are given in Table 39. The mil
complexes, in addition to the modern milling
equipment, included other facilities for
mechanical drying of field paddy, modern stor-
age of paddy and rice, and improved parboil-
ing of paddy followed bv mechanical drving.
Five of the seven integrated modern rice pro-
cessing units also had silos of different designs
and capacity with facilities for cleaning, dry-
ing, and mechanical conveying and handling
of field paddy. The present discussion is, how-
ever, restricted to an evaluation of the mill
machinery alone,

Selection of Mills

The general procedure adeopted in each area
was to select two or three rice mills operating
in a particular region and to compare their
working with that of the modern mill in that
region. As far as possible, existing mills chosen
for comparison had capacities similar to that
of the modern mill, and representation was
given to different types of existing mitis such
as the huller, sheller, sheller-huiller, or sheller-
cone-polisher type. The cooperation of the re-
spective mill owners was a prerequisite to the
selection of the mill.

Sampling of Paddy

The paddy used for each comparative triai
in the different mills was obtained from a
homogeneous lot varying from 20 to 50t
obtained by spreading and mixing a single
commercial lot of paddy. After thorough mix-
ing of the paddy, it was transferred to gunny
bags and the bags were allotted by standard
statistical techniques into experimental test
lots for the various mills. Each lot represented
a run of 1 or 2h for the respective mills.
Normaily, there was a minimum of three
replications in the earlier studies for each mill.
This was increased to five in the studies car-
ried out at Mandya and Raipur.
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Tanre 39, Location of mills, capacity of plants, and types of equipment.
Size and type of
Location Name and address of owner rice miil
Firwvarur, Thanjavur District, Tanjore District Cooperative 4-t Schule mill from
Tamit Nadu Marketing Federation Ltd,, Tiruvarur, West Germany
Thanjavur Disteict
Raipur, Madhya Pradesh Raipur Vikas Khand Sahakari, 2+t Schule milt from
Vipnan Sanstha Simit, Raipur West Germany
Tadepatigudem, West Godavari West Godavari District Cooperative 4-t Satake mill from
District, Andhra Pradesh Marketing Federation Ltd., Eluru, Japan
West Godavari District
Memari. Burdwan District, West West Hengal Apex Cooperative 2-t Satake mili from
Bengal Agriculiural Marketing Society, Japan
3-Dathousie Square, East Calcutta
Mandya, Mysore State The Ryots™ Agricutturat Produce t-t Satake mill from
Cooperative Marketing Society, Japan
Post Box No. 10, Mandya
Bikramgan}, Shahabad District, Government of Bihar, Patna 2t Kyowa mill from
Bihar Stare fapan
Bargarh, Sambalpur, Orissa State Regionat Cooperative Marketing I-t GDR mill from
Society Ltd., Bargarh German Demociatic
Republic
Milling Procedure The Government of India has enforced this

Before each test run for a particular variety
of paddy, there was a trial run carried out with
the same lfot of paddy that was to be put
through the mill. This alfowed setting of the
units, filling of empty spaces of the conveying
system, flushing of previous lots of rice, ap-
proximating the adjustment of the clearances
of the sheller and polisher, and ascertaining
that the mill was in a fit condition to undertake
the tests. After this trial run, a weighed quan-
tity of paddy from each test run was fed into
the mill and records were kept of all the mill
products and by-products including the im-
purities, rice brokens, and different types of
bran. In the case of purely huller-type mills,
bran could not be weighed separately because
the bran and husk were mixed and it was not
possible to separate one from the other.

The degree of polish given to rice from the
same variety or lot of paddy was fixed at 4%
since under the regulations in force, the degree
of polish has to be maintained at this level

rule to increase the availability of rice. The
degree of polish was adjusted by visual com-
parison to be very nearly the same as that of a
standard, prepared for the purpose, using
either a laboratory mill or in a few cases a
modern mill. Differences often arose in adjust-
ing the degree of polish due to personal varia-
tions in visual judgement, To obviate and cor-
rect such differences, the bran removed during
milling was weighed, analyzed for its content
of bran (after allowing for weight of brokens
and husk), and suitable adjustments in weight
made to ensure that samples so drawn had an
equal degree of polish. This method suffered
from certain limitations as bran could not be
weighed in the case of huller mills, Moreover,
some polishing occurs during shelling in disc
shefler units and the sheller bran gets mixed
with powdered husk, paddy dust, broken rice,
and the awns of the paddy. It is, therefore,
difficult to measure the sheller bran accurately.
However, the amount of real bran in the
sheller bran samples was roughly estimated
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and necessary allowances were made, while
making adjustments for equal degrees of
polish.

Laboratory Analysis of Milled Rice

Representative sampies of milled rice and
milled brokens from each mill prepared by a
Boerner sample divider ware recombined in
the properuion that the mill delivered to derive
compaosite samples of the total mill outturn.
These samples were subjected to quality anal-
ysis in the laboratory for impurities, bran, and
brokens. Based on these data, calculations were
made for clean edibie rice free from impurities,
and also fc- head and brokem rice. Bran
samples from e mill were also analyzed by
a sieve-cum-aspiration precedure and neces-
sary allowances were made for the amount of
husk and brokens, while calculating the true
bran weight.

A McGill sheller, a McGill polisher, and a
sizing device were used for determining the
amount of rice outturn recoverable in the
laboratory. This amount was designated as the
potential outturn of each representative lot
of paddy. The percentage of rice outturn in
the test mill was designated as mill efficiency.
It was anticipated during the planning of these
experiments that these mill efficiency values
could also be utilized for the comparison of
one modern mill with another. The large
amount of data collected during the course of
faboratory and mill analyses on various
samples of paddy shows that variations do take
place from run to run. Unless the laboratory
determinations are repiicated several times,
and an efficient method of removal of un-
shelled paddy from unpolished rice during
shelling is available, comparison of mills in
terms of their mill efficiency ratios cannot be
regarded as statistically accurate. Although the
committee had all the data at its disposal,
it was decided not to present the data on mill
efficiency ratios for the various mills; there-
fore, data reported here pertain to direct com-
parisons between traditional and modern mills.

Calculations

Based on the mill and laboratory data, the
percentage of total rice and the head rice out-

turn for each variety of paddy were calcu-
lated and all calculations were subjected to
statistical analysis. Wherever large variations
among replicate determinrations were noticed,
they were not included in the statistical
analysis. Arithmetical average values were pre-
sented in such cases. The decision to exclude
such mills from this analysis was made by the
committee as it was thought that their inclu-
sion would influence the results of statistical
analysis of other mills experimented upon in
the region.

Calculation of the outturn from huller mills
presented certain difficulties becavse huller
mills cannot deliver rice from paddy when
the rice is milled to the standard degree of
4% polish used throughout the present experi-
mental runs. The amount of paddy coming
out with the rice at this level of polish varied
from 5 to 10% in the case of raw paddy and
0.5 to0 6.0% in the case of parboiled paddy.
This proportion of paddy was subtracted from
the rice output to arrive at the outturn; the
percentage of paddy in the rice is indicated
in parenthesis {Tables 40 and 41).

Economic Comp~ *sons

An cconomic comparison has been made
to determine the effect of differences in rice
outturn on investment and operation costs
(Table 42). This comparison is for the rice
mill only. It does not reflect the cost of returns
of mechanical drying, storage, or parboiling.
Neither does it reflect the difference in quality
of rice outturn, since the market value of the
rice was a fixed price.

Summary of Resuits

Although the average milling outturn of
total and head rice obtained for the different
mills and the variation in yields are not given
in this report, details may be obtained in a
Government of India Report (Wimberly
1971).

The data have been statisticaily analyzed.
Where individual variations among replicates
were very large, only average results have been
presented without testing for statistical sig-
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and necessary allowances were made, while
making adjustments for equal degrees of
polish.

Laboratory Analysis of Milled Rice

Representative sampies of milled rice and
milled brokens from each mill prepared by a
Boerner sample divider ware recombined in
the properuion that the mill delivered to derive
compaosite samples of the total mill outturn.
These samples were subjected to quality anal-
ysis in the laboratory for impurities, bran, and
brokens. Based on these data, calculations were
made for clean edibie rice free from impurities,
and also fc- head and brokem rice. Bran
samples from e mill were also analyzed by
a sieve-cum-aspiration precedure and neces-
sary allowances were made for the amount of
husk and brokens, while calculating the true
bran weight.

A McGill sheller, a McGill polisher, and a
sizing device were used for determining the
amount of rice outturn recoverable in the
laboratory. This amount was designated as the
potential outturn of each representative lot
of paddy. The percentage of rice outturn in
the test mill was designated as mill efficiency.
It was anticipated during the planning of these
experiments that these mill efficiency values
could also be utilized for the comparison of
one modern mill with another. The large
amount of data collected during the course of
faboratory and mill analyses on various
samples of paddy shows that variations do take
place from run to run. Unless the laboratory
determinations are repiicated several times,
and an efficient method of removal of un-
shelled paddy from unpolished rice during
shelling is available, comparison of mills in
terms of their mill efficiency ratios cannot be
regarded as statistically accurate. Although the
committee had all the data at its disposal,
it was decided not to present the data on mill
efficiency ratios for the various mills; there-
fore, data reported here pertain to direct com-
parisons between traditional and modern mills.

Calculations

Based on the mill and laboratory data, the
percentage of total rice and the head rice out-
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turn for each variety of paddy were calcu-
lated and all calculations were subjected to
statistical analysis. Wherever large variations
among replicate determinrations were noticed,
they were not included in the statistical
analysis. Arithmetical average values were pre-
sented in such cases. The decision to exclude
such mills from this analysis was made by the
committee as it was thought that their inclu-
sion would influence the results of statistical
analysis of other mills experimented upon in
the region.

Calculation of the outturn from huller mills
presented certain difficulties becavse huller
mills cannot deliver rice from paddy when
the rice is milled to the standard degree of
4% polish used throughout the present experi-
mental runs. The amount of paddy coming
out with the rice at this level of polish varied
from 5 to 10% in the case of raw paddy and
0.5 to0 6.0% in the case of parboiled paddy.
This proportion of paddy was subtracted from
the rice output to arrive at the outturn; the
percentage of paddy in the rice is indicated
in parenthesis {Tables 40 and 41).

Economic Comp~ *sons

An cconomic comparison has been made
to determine the effect of differences in rice
outturn on investment and operation costs
(Table 42). This comparison is for the rice
mill only. It does not reflect the cost of returns
of mechanical drying, storage, or parboiling.
Neither does it reflect the difference in quality
of rice outturn, since the market value of the
rice was a fixed price.

Summary of Resuits

Although the average milling outturn of
total and head rice obtained for the different
mills and the variation in yields are not given
in this report, details may be obtained in a
Government of India Report (Wimberly
1971).

The data have been statisticaily analyzed.
Where individual variations among replicates
were very large, only average results have been
presented without testing for statistical sig-
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Taprr 40. The mean average percentage of additional outturn of total rice obtained in modern mitls
compared with traditional mills in each area.

P o

Parboiled paddys Raw paddys

Ares nd location of mill Sheliee Huller Shetler Hulier
Tarntl Nadu (Tiruvarur) e e 4.2¢1.8) 53( 2.5)
Madhya Pradesh (Raipur) 09 2.5¢0.6) 27 12.5(13.0)
Mysore (Mandys) 04 25(09) 08 10.4¢ 9.8)
West Bengal (Memari) e 0.3(0.3; 28 68( 2.0
Andhra Pradesh (Tadepatligudem) 0.8 e 29 -
Orissa {Bargarh) 13 1.5 L8 L8
Bihkar ¢Bikramaganj) — L4 — 26( 2.3
Mean average percentage of additional outturn
of rice of all areas 08 1.6 (0.6) 25 6.6( 6.8)

*Figures in parenthesis represent the percentage of paddy in the milled rice obtained in the huller milts: they have been subtracted
from the emdtled rice output when calcutasing rice outturn.

NovE: The mean average percentaye of the additional outturn obtained in the modern mills has beer worked out as the arithmetic
wverage of the individuat diffierences obtained from the different varicties of paddy anrd over different mills.

Tanck 41, The mean average of additional vutturn of head rice obtained in modern mills compared with

traditional mills in each area.
Parboiled paddy® Raw paddy*

Area and focation of mill Sheller Hutler Sheller Huller
Tamit Nadu (Tiruvarur) - — 124(1L.8) 1B.5( 2.5)
Madhya Pradesh (Raipur) 20 6.2¢0.6) 6.2 24,7(13.0)
Mysore {Mandya) 0.8 8509 il 20.1( 9.8)
West Bengal (Memari) 0.9 1.0¢0.3) 50 10.4(¢ 200
Andhra Pradesh (Tadepalligudem) 0.1 —— 1.9 -
Orissa (Bargarh) 2.5 25 7.6 100
Bihar ¢(Bikramganj) - 2.5 — 6.9( 2.3)
Mean average percentage of additional outivrn
of head rice of all areas L3 4.1(0.8) 6.1L(L®) 15.1¢ 6.8)

*Figures in parenthesis represent the percentage of paddy is the mitled rice obtained in the huifer mills, they have been subtracted
from the mitled rice output when caloulating rice outturn.

~ave: The mean avernge percentage of the additloual outtura obtained in the modern milts has been worked out as the arithmetic
average of the individual differences obtained from different varigties of puddy and over different mills,

nificance. Studies with parboiling and sheller
mills could not be included in every case as

4.2%} over sheller type units and 6.6% (1.8-
12.5%) over huller units with respect to raw

these facilities were not available at some loca-
tions at the time of evaluation. A summary of
the average increase in milling outturn of total
and head rice for each modern mill over sheller
and huller mills for raw and parboiled paddy
is given in Tables 40 and 41.

Conclusions

The modern mills have an overal! increase
in total rice outturn averaging 2.5% (0.8~

paddy. In the case of parboiled paddy, the
corresponding increase in total rice yields from
the modern milis averaged 0.8% (0.0-1.3%)
over the sheller mills and 1.6% (0.3-2.5%)
over the huller units.

The increase in head rice yield for raw
paddy in the modern mills as compared with
existing sheller milis averaged 6.1% (1.9~
12.9%), as compared with huller mills, with a
corresponding average increase of 15.1% (6.9~
24.7%}. For parboiled paddy, the correspond-
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Taste 42. Costs and returns in Indian rupees of
different types of rice mills {each mill
has I t/h capacity and mills 6000t

annually).
Modern Disk
mitl shelier Huller

Envestnient cost® 90 600 65 000 22 500
Annual operation

cost® 66 400 50 400 49 200
Paddy cost 000000 3000000 3000000
Total annual

investment 3466400 3050000 3049200
Annual salest 3360000 3264000 3 120000
Annual returns 293600 213600 70 800

sindian rupees: Rs. 7.8 = SE.00

*Operasion cost includes: power, labour, maintenance,
degreciation, and inerest. Huller rice mill, Rs. £.20/t of
paddy: disk cheller rice mill, Re. 8.40/¢ of paddy; and the
moders rice mill. Re. ELOY/1 of paddy (this includes
Rs. 16000/ year for rubbee rollers),
sa:ﬁam rice mili milly 6000 ¢ of paddy per year at Rs.

t.

“Rice sales at Rs. 8OO/t of rice. Total milling récovery ol

;’;"é‘” milt i& 0%, of shetler mill 68%, and of huller mill

27

ing increase over sheller units averaged 1.3%
(0.8-2.5%) and over huller mills 4.1% (1.0~
8.5%).

Apart from giving significantly higher out-
turn of total edible rice and head rice, the
modern mills yielded rice of superior quality
with less brokens and a negligible incidence
of foreign matter. -—— JAMES WIMBERLY, IRRI
- Ford Foundation Sri Lanka, Rice Processing
Praject, Colombo, Sri Lanka.
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HANDLING AND CONVEYING

Methods
and
Systems

Harvested grain is transpcrted, thieshed,
cleaned, and moved to a grading point, either
manuatly in bundies or in sacks, or mechan-
ically by combines that simultaneously ac-
complish the intermediate processes of thresh-
ing and cleaning while in transit. Tractor-
drawn endless conveyors may also be used.

In tropical countries, simple grain cleaners
are needed during threshing, before and after
drying, and prior to milling and processing.
Cenventional winnowers popular in Asia clean
grain by exposing it for a short duration to a
high velocity airstream. These winnowers do
not satisfactorily remove large straw, chafl,
and unfilled grain from mature grain.

A popular winnewer design in Asia cousists
of a paddie-type blower in a wooden housing,
which directs the air against grain falling from
a hopper. Baffles are used to separate the
impurities from cleaned and semicleaned
paddy. Semicleaned paddy is recycied through
the winnower for further cleaning. The use of
high air velocities to obtain a satisfactory de-
gree of cleaning results in excessive loss of
grain with the impurities.

Grazin cleaners popular in the industrialized
countries clean the grain in iwo stages: (1!
the grain passes through a set of osciilating
screens 1o remove the larger impurities; and
€2) the grain falls through a high velocity air
blast to remove the lighter impurities, Oscil-
lating screens are often a source of meshanical
problems and do not perform weil when ex-
cessive amounts of straw and other large im-
purities are presenmt in the grain. The short-
duration exposure of the grain to the air blast
does not satisfactorily remove all the unfilled,
immature kernels.
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Giratn (especially seed grain) s moved in
sacks as well as in bulk. The suck moving
equipment establishes a connection between
stories of the granaries and is used in part
for sack loading of vehicles. Automatic loaders
and lift trucks are used on the farms of large
seed-producing firms and at railway goods sta-
tions, but the use of these machines is uneco-
nomical within small agricultural enterprises
{United Nations 1960).

The capacity of the vehicles serving the
granary determipes the maximum number of
vehicles (30 an hour) that can be used, given
proper organization. immobilization due to
waiting, turn-around, and movement of ve-
hicles, together with stoppage, account for 30
405 of working time. The economic effi-
ciency of vehicle operation is also influenced
by the nature of the handling equipment in
the granaries.

Large farms permit full use of vehicles and
power loading devices. On small farms,
physical labour is made easier by th~ use of
a simple winch-operated mechanical shovel,
which has a maximum capacity of 5-10t/h
for a motor rating of 4.5 kW,

However, in traditional rice countries of
Asia, the following methods still prevail (FAQ
1967~1968). Transportation of stack paddy is
by shoulder poles for short distances. Over
long disiances the paddy is transported by
means of boats, sledges, buffalces, tractor-
drawn carts, and in some cases by small
hand-drawn carts mounted on bicycle wheels.
Assuming an average production of 2.4t
of stack paddy per hectare, the transpor-
tation to remove the crop from 1 ha requires
approximately 60 shoulder-pole loads; 30
sledge loads; 6 ox-cart loads; or 12 hand-
operated cart loads.

When electrical energy is a-ailable many
machines can be conveniently lecated on the
farms. Howewver, in developing countries rural
electrification is limited and small gasoline
engines are generaily used. Small low-head
hydraulic plants may become useful.

The handling of bulk grain in rice mitls in-
volves the movemernt of large quantities of
material in both the horizontal and vertical
directions. The rate at which grain is handled
depends upon the oanacity of the storage
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facility and the type cf operation being con-
ducted. The conveying equipment must be
selected and sized to meet the requirements of
each particular operation.

A conveyor is a mechanism that moves ma-
terial from one location to another in a con-
tinuous manner. Bulk grain handling systems
utilize one or more of the following types of
conveying equipment: (1) screw conveyor; (2)
chain conveyor; (3) belt conveyor; (4) bucket
elevator; (5) vibrating conveyor; (6) pneumatic
conveyor; and (7) lift trucks.

Screw Conveyor

‘The screw conveyor is one of the oldest and
simplest methods of moving bulk materials. It
is a helix formed from a flat steel bar mounted
on a pipe or shaft that is equipped with sup-
porting brackets and bearings (Fig. 211). This
screw operates in a U-shaped trough for hori-
zontal conveying jobs, and in cylindrical tubes
for verticai or inclined movement. The screw
conveyor is simply constructed, inexpensive,
and because it can be used in any position, it
is easily adaptable to congested conditions.

Capacities of conveyors in cylindrical hous-
ings depend upon the auger diameter, operat-
ing speed, and angle of inclination (Fig. 212).
Horsepower requirements are greatest with
augers operating at angles of 30-60°.

Chain Conveyor

Chain conveyors are made in a variety of
types for a variety of purposes. They are slow-
moving and are often characterized by high
power requirements. The drag or scraper con-
veyor is one of the common types. Depending
upon the use to be made of the elevators, drags
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Fic. 211. Helix of screw conveyor
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of varying shapes are mounted between two
chains that are driven over end sprockets. The
conveyor may operate horizontally or on a
maximum inclined plane of about 45°, The
capacity of such a conveyor should be in-
creased by using larger flights rather than by
increasing the speed,

Belt Conveyor

A beli conveyor is an endiess belt that oper-
ates between two puileys and is carried by
idlers that support the belt and its load. It is
mechanically efficient, especially with anti-
friction idlers. Its power requirement is low,
it is dependable, and it will handle practically
any type of material. If the belt is the proper
size and has the correct idlers, ear corn, grain,
and even bagged seed can all be handled on the
same unit. The belt can be self-cleaning but
usually is not in storage facilities. The initial
cost of a heavy-duty, high-capacity installation
is rather high; on the other hand, many small
units employed in storage and milling facilities
are relatively inexpensive.

The essential parts of a belt conveyor are the
belt, the drive and the driven pulleys, the
tension adjustment, the idlers, and the loading
and discharging devices. The belt must be flex-
ible enough to conform to the shape of the
pulleys and idlers, strong enough to carry the
load, and wide enough to deliver the capacity
wanted. The drive should be at the discharge
end of the belt and may be a conventional type
of belt drive. The diameter of the drive pulley
must be large enough to provide adeguate con-
tact with the belt. An idler can be used to pro-
vide more wrap contact with the drive pulley.
The take-up or tension adjustment may be
by manual or automatic screws on the foot
pulley or on the idling pulley,

In simple installations, on short conveyors
and with narrow belts, the load-carrying por-
tion of the belt may be a smooth wood or steet
surface; whereas, in installations involving
heavy loads or long distances, anti-friction
idlers support the belt. When the belt is
“troughed” by conforming to the shape of the
load-carrying idlers, the width and cross-
sectional shape of the trough determine the
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F1G. 212. Relationship between capacity and speed of a screw conveyor.

load that can be placed upon the belt (Fig.
213). Because of the cost of anti-friction idlers
and the high per foot cost of wide belts, the
majority of belt conveyors used in small facili-
ties are supported by the floor of a flat-
bottomed trough with vertical or angled sides
that increase the capacity. Although the belt
is self-cleaning, the trough often is not. Belt
elevators may operate on an inclined plane of
about 15°, but if the belt is equipped with
flights the angle may be increased.

Material may be discharged over the end
of the belt or along the sides by using diagonal
scrapers or by tilting the beit. The most satis-
factory way to empty a troughed belt is to use
a tripping mechanism. Such a mechanism con-
sists of two idler pulleys that cause the belt to
take the shape of an S (Fig. 214). The ma-
terial is discharged over the top pulley and
to the side by a chute. Trippers are usually
mounted on tracks so that they can be posi-
tioned any place along the length of the belt.

Tripslingers, with a high-speed reversing
belt that gives left or right 90° discharge, are
available to spread the grain over a wider area.
Storage capacities can be substantially in-
creased with this type of unit.

Bucket Elevator

If a belt or 2 chain conveyor was placed
in a vertical position and buckets were at-
tached to it at regular intervals, the result
would be a bucket elevator (Fig. 215). A
bucket elevator consists of: (1) a belt or

FiG. 213, Troughed and flat idler pulleys for belt
conveyors. The straight pulley is used for
the empty belt return and infrequently for
carrying the load.

chain(s) with buckets; (2) head and foot pulleys
or sprockets; and (3} a method for feeding and
discharging the load. The assembly is usually,
but not always, enclosed by a steel or wood
casing. The up- and down-legs may be en-
closed in the same or separate casings. This
kind of elevator is widely used in industry, in
grain handling, and in seed processing. Belt-




284

FiG. 214. Operational principle of the tripper.

type bucket elevators are quiet, efiicient, and
long-lasting. The chief disadvantages of some
designs are: (I) the speed may damage the
seed; and (2) enclosed wnits are difficult to
clean. Feeding may be accomplished on the
down- or up-leg in some types, on the up-leg
only in other types. The belt can be tightened
either by screw or by gravity on the foot or
head pulley; however, for belts handling grain
and seed the adjustient is usually on the foot
pulley.

Based upon the method of discharge, bucket
elevators may be classified into four types.

Centrifugal Discharge

This is the type most commonly used in the
handling of free-flowing materials. Because
discharge from the buckets is dependent upon
both centrifugal force and gravity, the shape of
the bucket, the speed and radius of the head
pulley, and the position and angle of the chute
must all be in the proper relationship for effi-
cient operation. Elevators operated slower or
faster than the speed for which they were de-
signed cause back-legging, and excessive speed
results in increased damage during pick-up and
discharge.

If the foot pulley is smaller than the head
pulley it is desirable to fill on the up-leg side
of the elevator above the centreline of the
foot pulley, because centrifugal force is zero
on the portions of the belt not in contact with
the pulley.

Bucket shapes vary with the manufacturer.
They are ordinarily constructed of steel, less
frequently of plastic or fibreglass. Centre
spacing of the buckets depends upon their size,
shape, belt speed, and the diameter of the head
and foot pulleys,
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Positive Discharge

The buckets on a positive or perfect dis-
charge elevator are usually mounted on a pair
of chains. They move slowly and are designed
so that the material drops, without benefit (or
interference) of centrifugal force, from each
bucket to a chute positioned to accept the dis-
charge. In some designs the material is scooped
from the boot, whereas in others it is fed direct-
ly into the buckets. This elevator is often used
on materials that are light, friable, easily
damaged, or do not discharge readily from a
centrifugal elevator.

Coatiznuous Buckets

In this elevator the buckets are usually
mounted as close together as possible on a
chain(s). During discharge the material flows
over the specially shaped bottom of the pre-
ceding bucket. This is a slow moving elevator
that will handle a variety of materials, the most
common being sand and gravel,

Internal Discharge

This is a continuous-type elevator in which
loading and discharge take place from the in-
side of the bucket line rather than from the
periphery. The buckets are so designed and
positioned that they overlap during loading.
Both loading and discharge may be accom-
plished from either side of the elevator. Some
elevator designs use one foot and one head
shafl, others are equipped with one foot and
two head shafts, and still others have two foot
and two head shafts. Some clevators are cased,
some are not.

Vibrating Conveyor

Vibrating conveyors, also called oscillating
or shaker conveyors, move materials uniform-
ly in a continuous flow along a metal trough.
The trough is mounted on rigid inclined tog-
gles and is usually driven by a constant stroke
eccentric drive. The horizontal motion result-
ing from the eccentric is transformed into an
upward and forward pitching action by the
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F1G. 215, Bucket elevators: (A) spaced-bucket centrifugal-discharge; (B) spaced-bucket positive-discharge;
and {C) outside discharge, continuous.
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inclination of the toggles. The material to be
conveved moves up and forward with each
vibration while the trough returns backward
and down. The resull is a series of rapid pitch-
ing actions that produces a total net movement
of the material toward the discharge end of the
trough. Short feeding-type conveyors are
sometimes powered by an electromagnet that
can produce differing rates of vibration de-
pending upon the rate of feed desired.

Paeumatic Conveyor

A pnevmatic conveyor is a device that con-
veys materials as a result of a high velocity air-
stream. It has certain advantages that make
it a suitable means for handling grain: (1) it is
self-cleaning; (2) it has few moving parts; and
€3) it may be installed around present equip-
ment. This type of conveyor for grain, how-
ever, has two major disadvantages: (I) low
mechanical efficiency: and (2) high probability
of materia! damage.

The pneumatic conveyor is composed of:
(1) conveying pipes and elbows; (2) equip-
ment for entering grain into the systems; (3)
some mieans for separating grain from the air-
streamy; and (4) a fan or blower. These con-
veyors are classified with respect to the static
pressure within the pipe, namely, negative or
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positive. The system is negative when the pres-
sure in the conveying pipe is less than atmos-
pheric pressure because the air-moving device
is instatled on the exhaust end of the system.
The system is positive when the fan is installed
upstream of the point where grain enters the
pipe and the pressure is greater than atmos-
pheric pressure.

Lift and Carrying Trucks

Lift trucks have several advantages that
should be considered. With an adequate num-
ber of well-constructed and properly-sized
boxes or trailers, they can double both as con-
veyors and as storage upits, A lift truck is
especially useful where a large number of lots
are to be handled. Boxes or wagons equipped
with perforated false floors provide excellent
temporary storage bins prior to storage and
processing. Lift boxes will substitute for a large
number of permanent bins and will make it
unnecessary to handle uncleaned grain in bags.
By the use of pallets, the truck that carries the
boxes can also transport and stack the bagged
milled grain. — JAMES M. BECK. Department
of Agricuttural Engineering, College of Agri-
culture, University of the Philippines at Los
Baros, College, Laguna, Philippines.
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Communication

The entire rice industry is made up of
people. People produce the rice grain, process
it, market it, and also eat it. Therefore, the
techoology of increasing rice productivity and
minimizing postharvest losses in Asia must in-
clude the social technology of influencing
human behaviour. In communication parlance,
storage bins, celumnar driers, and cono mills
are the hardware of the rice processing tech-
nology. Equally important is the software, or
the managament of human resources in the rice
processing industry. These human resources
are not only the people who will run the
modern rice plants but also those who now
operate existing processing facilities and even
those who plant rice and eat rice. The art and
science of getting all these people to under-
stand, accept, adopt, and promote the im-
proved rice processing technology come under
the general heading of communication,

You may be saying to yourself, “But that’s
sXtension she's talking about.” Yes, it is also
extension I am talking about because exten-
sion is communication in the agricultural con-
text. By comumunication, we mean that process
by which individuals and social systems inter-
act and affect or influence each other. Exten-
sion, therefore, is communication, but com-
munication is not extension alone.

The kind of communication we are inter-
ested in aims at achieving certain objectives,
Call it purposive or persuasive communication;
call it development communication or agricul-
tural extension, if your target is the rural
family; call it advertising if you are wooing
the consumer. In business circles it is callzd
public relations or human management. The
different names describe the same process:
affecting or influencing people for some pur-
pose of the communicator.

Using the communication approach, we can
ook at most situations as communication situa-
tions that can be analyzed into three basic
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parts: a source; a message; and a receiver,
Linking these three horizontally, we already
have a simple communication model. We can
add another element to this model — the chan-
nel. The relationship between source, message,
channel, and receiver can be verbalized in
yet another way: “Who says what to whom
through which channel.” Implicit in this re-
lationship is the communicator’s purpose,
which is to achieve some effect.

Our simple model can accommodate com-
munication acts of different types. Communi-
cation can mean a face-to-face talk with a
farmer, a whole extension service trying to
promote better living for its clientele, or a na-
tional government preaching the gospel of de-
velopment to all sectors of the citizenry. The
communication process works essentially the
same way for a barrio teacher teaching arith-
metic to third graders or, at a higher level, for
the educational hierarchy of a nation social-
izing its young population.

Yot can consider a training course as a
communication situation where you are the re-
ceiver and the lecturers are the communication
soutrce. The message is the entire gamut of the
rice processing technology that you are ex-
posed to. When the training is over, you, in
turn, become the source of the same message.
Then you may ask yourself this question in
preparation for the job you have to do: “To
what groups of people; where; with what ex-
isting state of innovation awareness; what
indigenous leadership/communication struc-
tures; what available material resources plus
planned project inputs; and what existing so-
cioeconomic practices; must the new ideas,
attitudes, and specific techniques on rice pro-
cessing be conveyed; when in relation to the
project’s target phrases; by whom and using
what media?” (Childers and Vajrathon 1969).

This question breaks down into several steps:
(1) identifying the groups of people that you
must reach, including those who will adopt the
rice processing technology as well as those who
may influence, or provide the means that will
make possible, the decision to adopt its vari-
ous components; (2) assessing each group's
state of knowledge and attitudes about rice
processing; (3) assessing their habits and prac-
tices in relation to rice processing and allied
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areas; (4) assessing their physical and economic
resources; (5) identifying their leadership and
communication patterns; (6} deciding what
other material resources ycu must put in to
augment existing ones; (7) designing the set of
messages for each group that will help change
its state of knowledge and attitudes, and/or
teach it new skills about rice processing; (3)
deciding the best combination of methods,
strategies, and channels that will effectively
transmit each set of messages; and (9) deciding
the sequence of these activities and scheduling
them in your project timetable.

Steps 1 to 5 have to do with your receiver or
audience. As the terminal link in the communi-
cation chain and, therefore, the most erucial,
the receiver of vour message merits your most
detailed study. A cardinal rule of communi-
cation is “know your audience.” Onily by
knowing your audience can you devise suitable
strategies that can affect or influence them.

It is often said that people are unpredictable
creatures. This is true to a certain extent, but is
sometimes said when what is meant is that
people are not rational creatures. They are
not always moved by reason or what to us
seems reasonable; however, when we dig deep-
er, we find that people do have reasons for
what, on the surface, seems unreasonable be-
haviour. It is by studying people as individuals
and as members of groups that we can ferret
out the reasons why they resist change.

When you offer people something new,
when you introduce an innovation, more often
than not you are asking them to exchange the
familtar for the unfamiliar. If change does
not go against practices backed by deep-seated
attitudes and values, it will be relatively easy to
communicate, but if it strikes at a practice or
idea that is embedded in the way of life of a
people, so that replacing it will wrench at the
whole fabric of the social system, then it is
natural that people will resist the change.

In Laguna, for example, rice stalks are
harvested long because this is required for
hand-threshing with the hampasan. On the
other hand, many imported threshers are de-
signed to process rice stalks cut short. The
Laguna harvester has no reason to cut the
stalks short since this would double his work.
What is more, there would be no need to,
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untess the farm owner mechanizes his thresh-
ing, and he may not be prepared to do this for
several reasons.

To harvest his crop, the farm owner con-
tracts a group that also weeds the crop in the
bargain. If he mechanizes his threshing, he
loses his weeders. He also deprives his neigh-
bours of their livelihood which, again, he may
not be prepared to do because he has a social
conscience or because he wants to Keep his
neighbours” goodwill. Besides, does he really
need a thresher? He may feel that for his
present volume of produce, a manual thresher
does well enough.

A small Laguna farmer, therefore, under
the present scheme of things, may not feel any
need for a mechanical thresher. Bui a small,
cheap drier may be something else. The small
farmer who, season after harvest season, anx-
iously scans the skies for signs of impending
rain that, in a matter of hours, can destroy the
labour of months, does not need much con-
vincing about the worth of a small drier. This
small farmer may feel a distinct need for a
small drier, He may feel little need as yet for
a mechanical thresher. He must, therefore, be
made to feel a need for a thresher, and this is
where motivation comes in. What combinacion
of incentives can make the small farmer fegi
that life would not be complete without a
thresher? Motivational research is an indis-
pensable eleinent in most business circles. It
is no less needed in the rice industry.

The technology of improved rice processing
is a whole complex of recommended practices
that can be broken down into several aspects:
harvesting and threshing, drying, milling, and
storage. Each aspect, by itself, requires a dif-
ferent set of knowledge and skills, not to men-
tion attitudes. Each aspect has to contend with
a different set of established practices brought
about by the prevailing economic and social
conditions, Adoption may, therzfore, be slow
and may need to wait until the economic en-
vironment becomes more favourable.

In view of the complexity of the rice pro-
cessing technology. it probably should not be
propagated all at once in its entirety, or in its
chronological sequence, at the village level.
We probably should identify the aspect that
seems most needed in a village and start with
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it. The other aspects can be emphasized as the
viilage people begin to feei the need for them,
they begin to be dissatisfied with the old
methods, and the sttuational factors change.

Insofar as possible, the first of your series of
innovations should be irtroduced with as little
dislocation of commutnity life as can be man-
aged. A thresher that is less efficient than other
types but complements present work patterns
may not only be accepted faster but may be
more economically feasible, given the nature
of the local economy. The more sophisticated
machines, although undeniably more efficient,
may be more than the economic and socia!
fabric of the community can bear. This may
mean, when necesary, adapting and modifying
the technology to sait actual village conditions.
It will also mean formulating a different set of
recommendations for large and small farmers.

In communicating the rice processing tech-
nology, a point to remember is that channels
of communication can mean people no less
than the so-called mass media. Indeed, for
some audiences, personal channels may be
more accessible or may be more familiar and,
therefore, more credibie. In most cases, village-
based technicians, farmers’ associations, and
trained local leaders will constitute the main
communication “media” through which .the
gospel of improved rice processing will be
transmitted in the villages. The communication
materials that need to be prepared are intended
to reinforce and supplement their personal
efforts.

It bears repeating that the technician’s be-
haviour at all times can greatly influence the
adoption of recommended practices. People
may resist an innovation when it is actually the
innovator that they are resisting. The tech-
nician’s role should be to guide and advise.
The people themselves must make the decision
50 that they will commit themselves to, and
accept responsibility for, these decisions.

There are no pat recipes for the communi-
cation of the recommended rice processing
technology; there never are when people are
involved. But you cannot erase the people
from the planning boards of the rice industry
just because they cannot be categorized as
exactly as grades of rice. For complex though
they may be, people remain the real hope of
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the rice industry. — Nora C. QuUEBRaL. De-
partinent of Development Communications,
College of Agriculture, University of the
Philippines at Los Baiios, College, Laguna,
Philippines.

Design
Criteria

It is ironic that the new rice technology,
while expanding total output significantly, may
inadvertently lead to concomitant increases in
the level of grain losses. Continued reliance on
production, processing, and marketing systems
employing traditional techniques may muintain
the same percentage of output losses but at
higher quantitative levels. Emerging problems
of this type, which involve processing and
marketing systems, are often labeled second
generation problems because their emergence
stems primarily from the increased output of
the improved varieties (Falcon 1970).

This section addresses itself specifically to
the problems of modernizing and upgrading
the rice milling industry. More precisely, it is
an attempt to critically assess the efficiency and
economics of existing rice milling technologies.
The objectives are to determine the potential
for wechnical improvements in existing systems
and, where feasible, the efficacy of initiating
activities to design and develop new tech-
nologies that will increase efficiency and reduce
losses. The analysis is confined principaily to
milling equipment and does not include an
evaluation of issues related to storage or dry-
ing.

The first section contains a description of
existing milling technologies now used in the
Philippines; the second section examines some
important structural characteristics of the rice
processing industry in the Philippines; the
third section is devoted to an economic evalua-
tion of alternative milling systems; and the last
section is an attempt to synthesize the results
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into a series of recommencdations relating to re-
search on the design, development, and/or
modification of milling equipment.

Rice Milling Technologies

Miiling methods in the Philippines can be
classified loosely under four broad headings:
hand huiling; Engleberg mills; cono mills; and
“modern” or rubber roller mills. The first
category, because of its declining use in the
Philippines, is not considered in this analysis.
It should be recognized, however, that this
technique is stift widely used in other countries,
most notably in Indonesia (Timmer 1972). For
the remzining three categories, there exists a
wide range of variation within mill types both
in milling capacity and in the composition and
configuration of individual milling systems.?
Figure 216 illustrates some possible combina-
tions.

Engleberg Huller {Kiskisan)

The Engleberg huller removes husk and
bran in a single operation. Paddy is fed into
one end of a hollow cylinder containing a
rapidly rotating fluted roller. Axial movement
of materials is accomplished by an integral,
truncated screw conveyor located at the point
where the paddy enters the mill. The lower half
of the hollow cylinder is composed of slotted
sheet metal. Husking is the result of the shear-
ing action on the grain produced by the move-
ment of the roller flutes past a stationary blade.
The combination of rapid rotation, high pres-
sure, and inter-grain contact results in removal
of both hulls and bran as material moves
axially through the machine. Hulls, bran, and
broken rice pass through the perforated screen
in the lower haif of the cylinder while milled
grain is discharged at the terminal end of the
mill. Some control over the degree of milling
may be achieved by adjustment of the distance

5In analyzing processing technologies, the ele-
ments that make up a milling sysiem should be
evaluated independently to allow precise determi-
nation of areas where i:zprovements will result in
maximum benefits.
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between the static blade and the rotating fluted
roller.

A variety of accessories may be added to the
Engleberg mill. Two common attachments are
a polisher composed of a rotating cylinder
with leather strips attached to the periphery.
which rotates in a perforated housing, and a
simple husk aspirator.

If the area to be serviced is small and
localized, if transportation facilities are poor
and costly, and if quality standards are not
critical, use of the Engleberg huller may repre-
sent a vizble economic alternative. Use of this
mill results in relatively low recovery rates, a
high percentage of broken grains, mixing of
bran and hulls, and a relatively high power re-
quirement per unit of milling capacity. Total
rice recovery from this method is generally
tess than 60% by weight, with head rice com-
posing less than 50% of the total milled rice.
The Kiskisan does offer the advantages of sim-
plicity in design, ease of maintenance, and
local manufacture in the Philippines.

Cono

A second alternative, which processes the
greatest share of rice entering the commercial
market, is the cono system. It usually consists
of one or more¢ under-runner disc sheller units
operated in conjun.tion with a number of
vertical cone polishers. The hulling section of
the cono mill consists of two cast iron discs that
are coated with an abrasive composition ma-
terial, usually emery stone. The upper disc re-
mains stationary during operation while the
lower disc rotates. Materials are fed into a
central opening and centrifugal action causes
radial movement of the puddy into the space
between the discs. Contact of the grain with the
two stones removes the husk from the grain.
The machine has provisions for vertical ad-
justment of the clearance between the two
discs, allowing a good level of precision in
husk removal. Nonuniformity in grain size
will result in some rough rice emerging from
the machine. Unhulled paddy must be sepa-
rated from the brown rice and recycled through
the huller.

Bran is removed in a separate process in the
cono system. The most commonly used ma-
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KISKISAN (Engleberg) (WITHOUT POLISHER)

i Butls, Bran
Rough fice <
Mittect rice

RUBBER-ROLLER SHELLER & KISKISAN (Engleberg} (WITH POLISHER)

Hutis _ Polished rice
Rough rice <: Mitted rice <
Brown rice < Bran

Hulls, Bran

DISC-CONQ (SMALL)

Hulfs
Bough rice < Milled rice
Brown rice <

Rough rice Bran

DISC-CONO (LARGE)

Mitled rice

Brown rice

Hough rice Bran

Mitled rice

Brown rice
Rough rice

Bran

< Brown rice
Rough rice j

—~alf

Fis. 216. Some alternative rice milling systems.
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chine is the vertical cone pearler. Consisting of
an emery-coated inverted cone that rotates in
an enclosed perforated screen housing, the
machine removes bran by a carefully con-
trofled abrasive action on the brown rice,
which occurs between the composition stone
and perforated screen. Mitled rice passes out
the bottom of the machine.

Produced in the Philippines, the cono in-
stallation produces an appreciably higher re-
covery rate (up to 68% by weight) than the
Engleberg huller. In addition, head rice re-
covery is also higher, bran and hulls are sepa-
rated, and the degree of milling can be more
closely controlled. The capacity of these in-
stallations ranges from less than 100 to 1000
cavans of paddy per 12-h day. Uniike the
kiskisan. mills in this category are more fully
attuned to commercial markets. A greater per-
centage of their business is derived from buy-
ing, processing, and seiling milled rice as com-
pared to the kiskisan, which is largely a custom
milling operation.

Modern Systems

The third general category of mitling equip-
ment is the modern rubber roller technology
developed in Japan. The most distinguishing
element in this system is the sheller, which con-
sists of two closely spaced rubber rollers ro-
tating in opposite directions and at different
speeds. A shearing action is created on the hull
of the rough rice by contact with the rubber
rollers. The actual removal is accomplished by
& differential displacement action that removes
the husk from the grain. As in the case of cono
instaltations, variation in grain size will cause
some unhusked paddy to pass through the
machine. Operated in conjunction with an
aspirator and paddy separator, it is possible to
recycle unhuiled paddy through the machine to
achieve complete hulling.

When correctly adjusted, this method pro-
duces the highest total recovery and best head
grain vields. Installations employing this tech-
nology are available in many sizes, ranging
from below 100 to over 5000 cavans per 12 h
of operation. In spite of its high technical effi-
ciency, however, high initial investment costs
combined with a lack of demand for high-
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quality rice have retarded diffusion of this
technology in the Philippines.

Milling Efficiency

Figure 217 is an attempt to generalize the
pattern of milling efficiency for the three mill-
ing systems described above, The numbers em-
ployed in this illustration should not be ac-
cepted uncritically as there exists considerable
variability, both among milling technologies
and between mills of the same type, in the
rates of milled rice recovery and head rice
vields. It is generally recognized, however, that
the rubber roller sheller produces the highest
recovery rates and the greatest proportion of
head rice, the under-runner disc shetler (cono)
is second, and the Engleberg (Kiskisan) huller
gives the poorest resulis., Note also that the
level of efficiency may be affected by the mois-
ture content and variety of the grain, the
method and speed of drying, the precision with
which adjustments are carried out on the
elements in the milling system, and the extent
to which the practice of parboiling is utilized.

Equipment Investment Costs

Table 43 presents some typical machinery
acquisition prices for a range of kiskisan and
cono installation. These values do not include
the cost of land, buildings, transportation
equipment, and miscellaneous items that make
up a complete processing system, Lack of
widespread use of the rubber roller technology
preciudes its inclusion in the local cost data
contained in Table 43,

The Engleberg huller ranks lowest in tcrms
of total investment requirements and invest-
ment cost per unit of rated capacity. There is
also a discernible downward trend in the cost
per unit of capacity for both the cono and
Engleberg machines as capacity increases. The
same is also true to a lesser degree for the
power requirement per cavan of capacity as
size increases in both categories.

Structure of the Philippine Rice Processing
Industry

Figure 218 depicts the distribution of milling
capacity and mill numbers between the Engle-
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Kiskisan 46.5% 16.9%
Cono 55.9% 11.6%
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Total rice

63.4%
67.5%
70.0%

Kiskisan
Cono
Rubber roiler

Fic. 217. Recovery efficiency for three rice milling systemns,

berg and cono systems. Whereas the data sup-
porting the absolute precision of the numbers
shown are subject to question, the magnitude
and pattern of the distribution between alterna-
tive milling types seem consistent with other in-
dependent estimates (Mears and Marquez
1972). The kiskisan represents 80% of the
number of mitls and 53% of industry rated
capacity. The larger average size of the cono
installations accounts for this seeming dis-
parity.

From Table 44, it is possible to draw some
conclusions regarding the concentration of
both milling capacity and number of mills.
Examination of the data for the cono installa-
tions indicates that both numbers and capacity

are heavily concentrated in the Central Luzon
and Southern Tagalog regions. This is in con-
trast to the kiskisan installations that are more
evenly distributed throughout the country. As
mentioned previously, the cono tends to be
oriented towards milling activities itvolving
the purchase of paddy and sale of milled
rice to commercial centres; whereas, the kiski-
san relies heavily upon small lot household
mitling for the bulk of its income. Conse-
quently, when transportation facilities are lack-
ing and markets are small and/or isolated, the
kiskisan finds wide application. The growth of
cono capacity and concentration seems to have
exceeded paddy supplies in some areas. Bark-
er's study on cono installations in Laguna Prov-
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TastEe 43, Average investment costs for kiskisan and cono rice mills, by capacity.

Engine Average Power investment cost”
size price® {hp/cavan of {pesos/cavan of
Capacity (cavans/ 12 h) (hp) (pesos) capacity) capacity)
Kiskisan®
3-8 1 with 5-12 1789.00 0.167-0.12 t13.19
120-180 | polisher 16-20 2896.00 0.133-0.11 72.13
30-100 | without 5-12 §97.50 0.167-0.12 99.48
120-180 | polisher 16-20 1545.00 0.133-0.13 67.63
30-100 | with 5-12 1574.00 0.167-0.12 109.88
120-180 | blower 16-20 2413.00 (.133-0.11 68.91
40-100 | without 5-12 2967.00 0.125-0.12 93.36
120-180 | blower 16-20 1765.00 0.133-0.11 64.59
30-100 | with 5-12 2246.00 0.167-0.12 120.22
120-180 | polisher, sifter 16-20 3417.00 0.133-0.11 73.60
40-100 | with 5-12 2011.00 0.125-0.12 108.28
120-180 | bicwer, sifter 16-20 297100 0.133-0.11 72.63
Conot

50-100 15-24 16 799.00 0.300-0.24 376.37
150-250 25-30 36417.00 0.167-0.12 286.08
250-350 32-45 47 481.00 0.128-0.13 260.65
350430 45-55 56 936.00 0.128-0.12 21913
450-700 60-80 83 601.00 0.133-0.11 193.14
FOO-1000 90-140 146 027.00 0.129-0.14 20410

*Prime movers (diesel engines) are priced scparately (pesos): 5~12hp = 5568.50; 16~20 hp = 7923.00; 15-24 hp = 11 429.00;

25-30 hp = 20 800.00; 32-45 bp = 30 715.00; and 50-90 hp = 27 455.00.
bTaken at midpoint of capucity range and includes cost of prime movers.
“Source: A survey of six major equipment suppliers by the Agricultural Engineering Department, IRRI.
SSource: A survey of seven major equipniemt suppliers by the Agricultural Enginecring Drepartment, [RRA.

A B

Kiskisan 80.2%
(6991}

Kiskisan 53.4%
(3200

Cono 46.6%
{279)

FiG. 218. Percentage distribution of rice mills by
number and rated capacity, Philippines,
1968: (A) percentage distribution of
number of rice mills; (B} percentage dis-
tribution of capacity of rice mills tthou-
sands of cavans per day).

ince indicates that the concentration of mills
has resulted in excess capacity in the province
(Barker and Dozina 1970).

Rice Quality

In the Philippines, the two principal factors
influencing consumer preferences for rice are
variety and the visual appearance of the rice
grain {International Rice Research Institute
1970). In 1968 the Philippines introduced a
complete rice quality classification system that
was largely patterned upon FAQ standards.
Quality determinaiion of milled rice includes
analysis of: (I) the variety; (2) the standard
through classification; and (3) the moisture
content.

The general criteria for grade classification
(2 ahove) include: (1) intrinsic character; (2)
degree of milling; and (3) Philippine Standard
grades ranging from Grade 1 (the best grade)
to Grade 5. The grades indicate percentage of
head rice recovery, percentage brokens, a




TasLE 44. Rice milling capacity by mill type and region, Philippines, 1968.*

Cono Kiskisan Cono + Kiskisan
Percentage Percentage Percentage Percentage
of total of total of total of total Percentage Percentage
number Capacity capacity number of Capacity capacity of of total Capacity of total
of cono (cavans/ of cono kiskisan  (cavans/  kiskisan number (cavans/ capacity
Region Number mills 12h) milis Number mills 12h) mills Number  of mills t2h) of mitlls
Hocos 7 0.4 1325 0.5 1186 16.9 3937 12,3 1193 13.7 40 702 6.8
Cagayan Valley 63 3.6 11 685 4.2 526 7.5 25975 8.t 589 6.8 37 660 6.3
Central Luzon 768 44.4 146 595 52.5 960 13.7 61 311 19.2 1728 19.8 207 896 34.7
Southern Tagalog 291 16.8 33904 12.2 1222 17.5 551382 7.3 1513 i7.4 89 286 14.9
Bicol 116 6.7 17974 6.4 658 9.4 33474 10,5 774 89 51448 8.6
Western Visayas 114 6.6 24073 8.6 992 4.2 39639 124 1106 12.7 63712 10.6
Eastern Visayas 186 10.8 8917 3.2 468 6.7 20422 6.4 654 7.5 29339 4.9
Southern and
Western
Mindanao 97 5.6 19 206 6.9 724 Ll 34359 10.7 871 9.9 53 565 8.9
Northern and
Eastern
Mindanao 86 5.0 15 269 5.5 205 29 10 201 3.2 291 33 25470 4.3
Total 1728 278938 6991 320 140 8719 599 078

*Source: Rice and Corn Administration, Quezon City, Philippines.
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description of the kernels, and the presence of
forciga matter.
Philippine Grade No. | milled rice is com-
. parable to Thailand's rice grade of white-rice
- 5% (fifth from the top grade) and United
States Grade No. 2 (second from the best
grade). The maximum broken grain tolerance
for Philippine Grade No. 1 is 10%; for Thai-
land Grade No. 5, 5-7%; and for U.S. Grade
No. 2, 7% . The percentage of broken grains is
an important factor affecting quality by inter-
national standards., Variety and grain appear-
ance seem to be the most important quality
factors by domestic standards (Barker and
Dozina 1970).

Figure 219 illustrates that part of the Philip-
pine quality classification system for grading
rice based on the percentage of broken grains.
This graph should be read in conjunction with
Tables 45 and 46 to develop a fuli appreciation
of the impact of local milling technologies
on rice quality. The output of kiskisan mills
rarely contains less than 50% broken grains,
with many mills producing less than 40%
head rice. Cono mills, when properly adjusted
and maintained, can produce samples contain-
ing up to 90% head rice. The rubber roller
technology has the potential of supplying out-

1901 Y
a0r 410
sok 420
70r 430
by - -40%
560 %
& 2
2 sof 450 c
3 aof {60 s
I o
3or 4170
20k 180
10p 490
g i L ! 100

L 1
10 20 30 40 50 60
Scorz of points

FiG. 219. Point allocation method for grading based
on percentage of brokens under Philippine
rice quality classification system,
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put containing in excess of 90% head rice.

Consumer demand obviously perpetuates
the present system of archaic, inefficient mills
producing a low-quality rice. An increase in
quality consciousness would go far towards up-
grading the quality of rice sold in the Philip-
pinzs. It would also have the concornitant effect
of increasing total rice recovery rates because
of the more efficient technology necessary to
produce a quality rice.

Economics of Milling

One of the most important decisions con-
fronting a rice processor is the selection of a
milling system that conforms with the techni-
cal, economic, and physical conditions of his
market. Because of the magnitude of the fi-

‘nancial and human resources that are depend-

ent on this decision, care should be exercised to
ensure that the final choice of plant equipment
is optimal. In the preplanning stage, the in-
vestor should take cognizance of: (1) the
volume of demand for milled rice; (2) the prod-
uct characteristics that the market requires,
i.e. quality, form, variety, location, and timing
of product delivery; (3} the volume of paddy
and site of the area from which supplies will be
procured and the probability of an assured
supply; (4) the transportation costs for shipping
paddy and milled rice; and (5) the range of pro-
cessing technologies available and their cost
and performance characteristics.

Capacity

A major determinant of the economic via-
bility for any rice mill is the degree of capacity
utilization. When large-capacity mills are op-
erated at output levels significantly below rated
capacities, average total cost per unit of out-
put is high. Similarly, when operations are
maintained at levels in excess of design ca-
pacity, repair, maintenance, and administrative
costs will increase, resulting in a decrease in
plant efficiency and a rise in costs.

To illustrate the importance of size in the
selection of processing installations, a series
of budgets was prepared depicting a wide range
of capacities within each equipment category



Tante 45, Standard grade requirements for Phitippine milled rice

Yellow and Other
Head damaged Chalky Paddy  varieties Red Foreign ~ Moisture
Brokens Bintid rice kernets kernels {max {max rice malier content
{max) {max) (min) {max) {max) number/, number/ {(mitx) (max) (max)
Grade (8) ) ) ) (‘v) 500 g) 500 g) (o) (“r) (0 Size of brokens

i 10 none 90 0.25 trace nene 2 none none 14 Less than % of a kernel
2 20 none 80 Q0.5 5 ; 4 trace 0.5 4 Less than % of a kernel
3 3 0.3 70 0.75 15 2 5 0.5 0.75 14 Less than % of a kernel
3 40 1.5 60 1.0 25 2 7 1.0 1.0 14 Less than ' of a kernel
5 50 30 50 30 30 4 15 5 240 14 Less than 4 of a keenel

*Geseral requirements: (1) no mixture of varieties: (2) free from unpleasant and for repulsive odor; (3) free from insect infestation; and (4) the unit of trading shall be in kilograms or toanes.
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TasLe 46, Description of classification standards used for Philippine milled rice.?

First class Second class Third class (brown rice)
Milling Polished milled rice with Polished milled rice with First stage in the milling
degree shiny, smooth edge; no slightly smooth edge; with where only the busk is
streaks or lines; foreign 2-3 streaks, brownish colour  removed, leaving a thin layer
matter and bran from 0 to  or spots, and rice bran of the seed coat; very rough,
0.5¢; sticking to the kernels brownish, and full of lines
Type 1 Type II Type 111
Type Long grain, length shall be Medium grain, length ranges  Short grain, length shall be
above 5.9 mm from 5.0 t0 5.9 mm below 5.0 mm
Fancy Special Ordinary Inferior
The kernels have a The kerneis exhibit The kernels exhibit Milled rice with

flinty uniform
appearance, glossy,
shiny, translucent, or
creamy white

desirable uniform
white, creamy white,
or light gray colour

a white to dull white
or light gray colour

coloured pericarps
{due to handling and
storage)

*Source: U Thet Zin. Rice Inspection and Grading Covering the Sampling, Inspection, Grading and Certification. Paper prepared
for the FAO International Food Technology Training Centre, Central Food Technological Research Institute, Mysore, India,

March, 1971,

(Tabie 47). The results of this exercise are
shown graphically in Fig. 216-220. Figure 220
illustrates the total costs of kiskisan installa-
tions over an annual output range of 0-12 000
cavans. Within this range, three discrete mill
sizes were chosen for detailed analysis. The
medium-sized mill, rated at 30 cavans/day, re-
quires 7400 cavans/year, and the largest, rated
at 50 cavans/day, must process 7700 cavans
to cover all costs. Note that the milling fee
charged (in the case shown, one peso per
cavan of paddy milled) has an appreciable ef-
fect on the level at which these mills can be
profitably operated. An increase in the milling
fee, which reflects tiie average of income de-
rived from both custom milling and sales of
rice and binlids, has the effect of lowering the
required level for profitable operation. Changes
in any of the components which make up the
total cost curve, such as the price of machinery,
fuel, wages, and interest rates, will change the
level and/or slope of the curves resulting in
shifts in the break-even point.

Figure 221 illustrates a series of total cost
and revenue cur.es for the cono type instalia-
tion. In this case, the break-even levels for each
mill size are considerably higher than for the
kiskisan units. This is to be expected, given
the higher fixed cost component for each of
these installations. A similar trend is evident

in Figure 222 depicting the modern milling
system.

Figures 223 and 224 are average total cost
curves for the operation of mills within the
kiskisan and cono categories, respectively.
Comparing these figures demonstrates that
there are economies to be derived both from
operating mills at or near rated capacity and
from moving from mills with lower to those
with higher annual capacity. There is also an
indication that as on¢ moves from the kiskisan
to the cono technology, some economies of
size are possible, particularly in the larger cono
mill sizes. Note again that underutilization in-
creases costs because the fixed cost (investment)
componeat of average total cost remains high.
It is only when installations approach design
capacity that the operator is able to minimize
this element of total cost. When cost minimiza-
tion is the primary determinant of plant size, it
may be more economic to invest in a smaller
unit that will be operated at or near rated
capacity than to install a unit that will be op-
erated with excess reserve ¢apacity.

The Composition of Costs and Flexibility
in Plant Utilization

Figure 225 is an aticmpt to depict graphi-
cally the nature of the average total cost curves



TaBLE 47, Estimated investment and operational costs for alternative rice mitling technologies.

Kiskisan Cono Modern (rubber roller)
Smalt Medium Large Small Medium Large
(15 (30 (50 (86 (160 (240 Small Medium Large
cavans/ cavans/ cavans/ cavang/ cavans/ cavans/ (2t/h) {5t/h) {10t/
day) day) day) day) day) day)
I. Investment cost®
Buildings and machinety B 5le 15677 23818 30494 51 104 52320 120 800 302 000 604 000
Land 2430 3 550 31930 14 210 16 572 23428 56776 96 640 271 800
Transport equipment 370 1140 1900 3 500 6 550 9 800 17 640 31752 47 628
Miscellaneous 45 90 150 300 580 880 1760 3344 5016
Total investment costs 11 561 20 457 29 798 48 504 74 808 86 428 106976 433736 028 444
1. Operational costs®
A. Fixed costs:
Depreciation 71 t 135 1 667 4574 7 666 9 848 18120 45 300 90 600
Interest 511 941 1 830 3066 3139 7 248 18 120 36 240
Maintenance 360 480 600 650 1 060 1 500 1 950 4 875 9750
Insurance 200 375 420 1276 2010 2771 1828 g 570 19 149
Taxes i63 2006 304 1331 1746 2358 53856 9952 18 392
Tota! fixed costs 1 945 3197 4420 9 66i 15488 19616 37002 87 817 174122
B. Variable costs:
Labour 2160 2400 2 880 8 340 16 140 21120 29 820 37920 46 020
Fuel and ol 736 1510 2057 3 560 5022 6570 14170 28 340 56 678
Electricity 72 108 144 576 720 864 2016 2 880 4320
Total variable costs 2988 4018 5081 12476 21 882 28 554 46 006 69 140 107 018
Variable cost/cavan 0.83 0.56 .42 0.60 0.57 0.50 0.35 0.21 0.16
Total operation costs 4933 7215 9 501 22137 37370 48 170 83008 156 957 218 140
Hi. Annual capacity (cavans)® 3600 7200 12 000 20 640 38 400 57 600 130752 326 400 653 760
Unit cost at capacity 1.37 1.00 0.79 1.07 0.97 0.83 0.63 0.48 0.33

=Investment cosis: (1) buildings and machinery—based on price lists of 7 major rice mill manufacturers and dealers surveyed by Agricultural Enginecring Department, IRRI, 1972 (sce Table 43);
(2} land—10 pesos /m? for kiskisan mills, 20 pesos /m? for cono and modern mills; (3) transport equipment—includes costs for trucks and jeeps that may be bought brand new or second hand;
and (4) miscellaneous—office and plant supplies and fixtures.

bOperational costs: (1) Fixed costs: {a) depreciation—on buildings is calculated at 5% and on machinery at 10%. The life of the machine is quoted by manufacturers to be about 35 years; (b) taxes—
include real esiaie tax, BIR iaxes, and license. (2) Variable costs: (a} labour—wages paid for a mik operator and a labourer-helper at 240 and 180 pesos fmonih, respeciiveiy. Number of heipers
varies with size of mill (zono and modern mills include in their staff an accountant, assistant manager, secretary, drivers, and secarity guards); (b) fuel and oil-—based on diese! oil consumption at
specified horsepower capacity (0.29 pesos /litre; (¢} electricity—based on daily electricity consumption to light the rice-mill area (0.25 pesos /kWh).

“Annual capacity is the volume of paddy milled daily for 240 days in a year.
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F1G. 220, Estimated total cost and revenue curves for three aliernative sized kiskisan rice mills, Philippines,
1972: TC = total cost; FC = fixed cost; BE = break-even point; 8 = 15 cavans/day; M = 30

cavans/day; and L = 50 cavans/day.

for different sized milling units within two dis-
tinct milling technologies. Because the modern
milling technology is relatively more capital-
intensive, its fixed cost component is higher
than the fixed cost for traditional technologies
of comparable size. This causes a more rapid
decline in the individual average cost curves
for the new technology. For similar reasons
and because there is relatively less flexibility to
adjust variable costs in the new, as contrasted
to the old, milling methods, a relatively steeper
rise in the cost curve is observed when rated
capacity is exceeded. The result is a narrowly
defined range of output over which minimal
costs may be achieved. The relatively gradual
slope of the curves depicting the traditional
technologies makes their average total cost

less variable over a wider range of output con-
ditions.®

Increasing Milled Rice Recovery

From the previous discussions related to
levels of milling efficiency and relative rates of
recovery, there appears to be considerable
scope for increasing the output of milled rice
by improving the recovery efficiency of tradi-

6A more complete conceptual framework
needs to be developed to make comparative an-
alysis between traditional and modern systems
possible and eventually operational. Uma Leie's
work on rice milling in India is an example (Lele
1970).
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Fic. 221. Estimated total cost and revenue curves for three alternative sized cono mills, Philippines, 1972:
TC = total cost; FC = fixed cost; BE = break-even point; 5 = 86 cavans/day; M = 160

cavauns/day; and L. = 240 cavans/day.

tional milling technologies. As an example of
the potential for increasing recovery, consider
the case of a kiskisan with a capacity of 12 000
cavans/year as compared to a cono mill with
an annual capacity of 20 000 cavans, Supposc
the kiskisan and cono had initial total milled
rice recovery rates of 60 and 65% by weight,
respectively. Further suppose that it is possible
to increase recovery rates for both mills to
70% . Comparing the results in Figure 226, we
find that the total increase in recovery is 1200
cavans for the kiskisan, as compared to 1000
cavans for the cono. The explanation for the
higher increase achieved by the kiskisan lies
in the greater range for increased efficiency em-
bodied in the kiskisan technology. Figure 227
shows the increased income derivable from in-
creases in milling recovery for the two mills.”

Net income increases from 29200 to
116 200 pesos for the cono, and from 21 360

to 74 160 pesos for the kiskisan, as recovery
rates rise from 50 to 70%. This represents an
increase in net income of 298% for the cono
and 247% for the kiskisan, To take a less ex-
treme example, consider the effect on income
of increasing milling recovery from 65 to 68%.
In this case, net income increases from 95 200
and 60920 pesos to 108400 and 68 880
pesos for the cono and kiskisan, respectively.
These are increases of 13.9% for cono and
13.1% for kiskisan. Even small changes in re-
covery efficiency have large effects on both out-
put and income.

"The following prices and costs are assumed
for these calculations: paddy 35 pesos/cavan; bran
35 pesos/kg; binlids 0.80 pesos/kg; milled rice
1.30 pesos/kg; milling cosi for kiskisan 0.79
pesos/cavan; milling cost for cono 1.11 pesos/
cavan.
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Fig. 222. Estimated total cost and revenue curves for three alternative sized modern rice mills, Philippines,
1972: TC = total cost; FC = fixed cost; BE = break-even point; 8 = 2 t/h; M = 5 t/h; and

L=10t/h

Design Parameters

Based on the evidence presented in the pre-
ceding sections, it is evident that there exists
considerable scope for improving the perform-
ance of the rice processing industry in the
Philippines. It is the purpose of this final
section to synthesize some conclusions regard-
ing the nature of innovations or improvements
that might be made and the means of imple-
menting these changes.

As they now exist, traditional milling tech-
nologies embody some potential for im-
provements without major investments in new
capital equipment. Van Ruiten (1971} has dem-
onstrated that improved maintenance and use
of quality materials in the manufacture of mill-
ing equipment can have an appreciable effect
on performance. In particular, utilization of
improved composition stones, precleaning
equipment, muitipass whitening, and finer ad-

justments on the cono mill can result in in-
creases in total rice recovery. Arboleda and de
Padua (1965) have demonstrated that adjust-
ments on the Engleberg huller also make pos-
sible increased recovery rates and higher head
yields.

Regardless of the source of improved milling
technology, whether from upgrading existing
techniques through refinement and modifica-
tion or the introduction of new designs, there
must be a concomitant effort to upgrade the
incentives for employing innovations that re-
sult in higher recovery and better qualily rice.
The common practice in the Philippines of
using volumetric measures in merchandising
milied rice tends to perpetuate a milling system
that produces large percentages of broken
grains. Because of the differences in the density
of broken versus whole or head rice, the total
weight of one ganta of brokens will be greater
than a ganta of head rice. Many consumers
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state a preference for broken rice for this
reason. Another area réquiring attention is the
practice of paying for the milling service with
the bran, binlids, and hulls. When the miller re-
ceives payment in bran and binlids, he has no
incentive to decrease the number of broken
grains because this practice results in a higher
quality bran and more binlids from the milling
process.

‘The present price of animal feed has risen
to a point where most millers are receiving
cash instead of bran and binlids in payment for
mitling services. The mixture of bran, binlids,
amd masticated rice hulls that emanates from
the Engleberg huller is used as animal feed for
both hogs and chickens. In the absence of an
assured supply of cheap feed grains, the pres-
ent practice of utilizing the high quality by-
product mix from Engleberg mills will persist.
These are policy related questions that deserve
the attention of the industry and of the gov-
erament.

To establish criteria for the design and de-
velopment of new rice milling equipment, it is
necessary to examine the cencentration and
distribution of rice milling capacity by mill
size. Figure 228 contains cumulative frequency
distributions showing total industry rated ca-
pacity and total industry utilized capacity.
Superimposed on this chart are the ranges over
which the Kiskisan and cono type installaiicos
operate. Note that approximately 70% of the
rated capacity falls within the size range of
kiskisan installations; whereas, the cono instal-
Fations cover approximately 50% of the range.
The increasing segment of the frequency func-
tion from 40 to 110 cavans/day contains
approximately 50% of the industry rated ca-
pacity. It is this range that appears to offer the
greatest poteatial for design and development
of new milling techaologies. Note also that
there appears to exist about 25% excess ca-
pacity in the milling industry, although it
seems to be about evenly distributed over the
entire range of mill size,

With increased commercialization, it ap-
pears appropriate to move towards the upper
end of the range selected for improved equip-
ment and concentrate development efforts
there. This allows realization of some econo-
mies of size in milling operation, while at the
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Fig. 228, Distribution of milling capacity by mill
size, Philippines, 1970.

same time Keeping initial investment require-
ments at a level comparable with existing mill-
ing technologies. Employing the information
contained in Tables 43 and 47 in conjunction
with the above data, a suggested set of general
design parameters are: (1) capacity 80-100
cavans/day: (2) power required 596-670 W
(0.8-0.9 hp) per cavan of capacity; (3) total
power 5960=7450 W (8=10 hp): (4) invest-
ment cost 60-80 pesos/cavan of capacity (in-
cluding engine); (5) total investment 4800=
8800 pesos; and (6) variable costs 0.35-0.40
pesos/ cavan of output. Ultilizing these general
and very rough estimates, it remains an engi-
neering problem to datermine the feasibility of
such a design.

It is obvious that the above estimates are
contingent upon the level of wages and prices
now in effect. Changes in the economic en-
vironment or policies affecting the economic
environment may change the level and/or
composition of these estimates. ~— BART DUFF
AND Ipa EsTioKO. Department of Agricultural
Engineering, International Rice Research
Instituiz, Los Baiios, Laguna, Philippines,
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Agribusiness
Management

By definition, concepts are mental images
abstracted from perceptions. As an analytical
device, they are helpful in facilitating under-
standing and appreciation. They are a way of
looking at things and, therefore, they can
vary with different viewpoints.

In this section, some of the concepts of the
structure and the linkages of the rice industry
as well as the trends towards its integration
are defined. The concepts are projected from
a management standpoint and they regard the
rice industry as a complex business that must
be well understood to be managed. They are
macro in dimension and it is hoped that
although general in nature, they will offer
& helpful frame of reference for the identifica-
tion and solution of rice problems at the in-
dustry and firm levels,

Background

In the beginning, traditional agriculture was
exemplified by a self-contained farmer who
was both producer and market for his produce.
He prepared and planted his land with his own
seed, relied upon nature for the needed water,
harvested, threshed, stored, and finally pro-
cessed the harvest to meet his subsistence re-
quirements. As with crops, the pattern was
the same in the case of the animals he do-
mesticated and raised.

With time, however, the technological revo-
lution dispersed and distributed the functions
of the farmer. His capacity to till the fand in-
creased, and so did his market, which ex-
panded beyond himself and his family. These
functions, providing the inputs on the farm,
the farm operations, the assembly, transpor-
tation, storage, drying, processing, and selling
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of the produce, began to be performed by
other firms that increasingly grew in size and
number (Fig, 229).

The technological revolution was partly a
preduct of population. The increasing num-
bers of people inevitably called for new ways
of feeding them. At the same time, they con-
stituted a widening market that encouraged
the revolution of food production and distribu-
tion into complex agribusiness commodity
industries.

In the agricultural economies of Asia, one
can recognize commodity industries at various
stages in the continuing movement tnat is
changing the commodity industries. One such
industry is the rice industry, which is supplying
the staple food for hundreds of miliions of
people in this part of the world.

Structure and Character

The commercial rice industry may be
generally viewed as vertical in structure with
the following components: the input suppliers
and distributors; farmers; processors; whole-
salers; retailers; and consumers (Fig. 230). In
each of these components, there are many
firms operating, each one pursuing its activities
with some degrees of independence, some-
times complementing euch other, sometimes
competing or contendding with each other.
They interact, and the events that occur
in one component affect the events occurring
in the others. Logicully, the entire structure
must be balanced and coordinated 10 be viable.
Bottlenecks in one of the components retard
industry growth. Balance and coordination en-
hance industry development.

In most countries in Asia, the millions of
rice farmers gencrally own and operate 2 ha
or less of land. This fact has certain implica-
tions. It complicates the coordination of the
entire industry, suggesting that the grouping
of rice farmers into cooperatives, associations.
or other forms of business organization is im-
perative. The fragmentation of land owner-
ship is a constraini on the distribution of in-
puts and the spread of technology, causing in-
convenience, raising costs, and lengthening
target time-periods. Also, assembly of the
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Fia. 229. The evolution of traditional agriculture to an agribusiness status (TR = technological revolution)

produce becomes a tremendous task. The small
size of the farm units puts a big question mark
on efforts to develop viable credit systems that
will enable farmers to buy and use technology
inputs, and limits each farmer’s absorptive
capacity for losses during the bad years.

In these regions, rice has traditionally been a
scasonal crop, with the main harvest occur-
ring during half of the year and secondary
harvest during the rest of the vear. This is
partly due to the generally common monsoon
climate and the natural difficulty of develop-
ing irrigation systems that will make adequate
water available, particularly during the dry
season. This coincidence of cropping seasons
heightens the risk to Asian countries when
adverse weather conditions prevail during the
main cropping season. It is responsible for the
marked difference in rice prices between the
troughs during months of heavy supply and
the peaks during the lean months. In deficit-
producing countries, supply and price stabili-
zation thus become quite a vexing problem.

The advent of the high-yielding varietiss
that are insensitive to photoperiod has made

it possible to even the supply curve because
they can be planted at any time, given the
water requirements. But this is possible only to
a certain extent because irrigated areas are
relatively limited compared to the total hec-
tarage devoted to rice, and the expansion of
irrigatable areas is naturally a slow process.
The setting of the industry is a dotble-edged
sitiation. The industry is located in the rural
areas where the majority of the population is,
and this gives it real importance in terms of
the need to develop purchasing power in the
countryside, which will expand the markets for
the goods turned out by the industrial sector.
But most governments are welfare-oriented as
they run economics where poverty and low
incomes are of major concern, and prices must,
thercfore, be kept low to be within the easy
reach of the common man. Subsidies to please
the producer or the consumer are not sub-
stantial enough and may not continue for long
because they have to be financed by income
transfers from the other sectors of the economy
that, in most cases, are still unable to generate
income for transfer on a continuing basis.
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Milled rice, the main product of the in-
dusiry, reaches the market in different grades.
The quality of the grain is related to varietal
characteristics and mitling efficiency. The more
transparent the grain, the less chalky it is, the
higher its milling degree, the more head rice it
has, and the higher its price is in the world
market. But in the rice-importing countries of
Asia, indigenously grown rice is sold as turned
out by the local mills, with hardly any dis-
tinguishing differences in head rice and broken
rice ratios and relying more on distinction be-
tween varieties for price differentiation.

Technology

Rice production technology advanced tre-
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mendously in the 19607, rapidly spreading the
high-yielding varieties and the packages of
practices they called for. The work to improve
the technology in terms of better physical grain
quality, higher protein content, wide spectrum
resistance to disease, and adaptability to a wide
range of conditions is bound to continue for
many years.

But, already, there is widespread realization
that advances in rice production technology
have accentuated or created second generation
problems with regard to harvesting, process-
ing, and marketing. These problem areas are
currently receiving more attention than ever
before.

Post-preduction problems were noted as
carly as two decades ago. For instance, the
existence of the ineflicient kiskisan single-pass
mills was regarded as one of the causes of
perennizl rice shortages in the Philippines. Be-
cause volume recoveries were as low as 45%
and they processed a substantial portion of the
national rice production, they were logically
regarded as a deficit factor. Their recovsry
efficiency rate was about 10% below that of
the more efficient cone-type mills used by com-
mercial millers, and the annual shortages in
rice rarely beyond 10% of the estimated an-
nual production. In 1971, a survey conducted
by the Asian Productivity Organization in 14
Asian countrics disclosed that the working
average physical losses in grain marketing was
about 16.5% (Table 48).

The attention being focused on post-pro-
duction rice problems is bound to improve the
technology of processing and marketing. Im-
provement would result in diminished physical
losses in rice handling or, in another sense, in
increased supply of grain and more economic
returns to the rice industry.

Linkages

The structure of the rice industry has many
linkages. Besides its own components along the
route of the industry’s product flow, there are
other organizations whose functions affect the
industry in all its phases. These are organiza-
tions engaged in: research, training and exten-
sion; agricultural supply; credit; infrastructure
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FiG. 231. Product flow and linkages in the rice industry.
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ment of Agriculture and Natural Resources as
well as other agencies whose responsibilities
bear on the rice industry. These other agencies
include the Rural Bank Department of the
Central Bank, the Philippines National Bank,
the Development Bank of the Philippines, the
College of Agriculture of the University of the
Philippines, the Food and Nutrition Research
Council, the National Grains Authority, and
government trading organizations. As a co-
ordinating and integrating body, NFAC makes
instant decision-making possible with respect
to problems affecting rice production. process-
ing. and marketing.

The National Grains Authority itself is an
integrating body. In its function of stabilizing
the prices of rice, it is charged with the main-
tenance of a floor or support price for paddy
rice and a ceiting price for milled rice. In the
performance of this responsibility, it should
influence the behaviour of rice producers, pro-
cessors, and merchants in a manner that will
distribute equitably the margins associated
with the growing and marketing of rice, and at
the same time, ensure for the consumers,
directly or indirectly, reasonably priced rice
at any time of the year.

The Development Bank of the Philippines
is administering a $14.3 million lending pro-
gram for the modernization of rice processing
facilities in the Philippines. The terms and
conditions of the lending program and the
campaign 1o promote the program arce aimed
at private processors for the improvement of
their existing physical plant or the building of
new ones in places where they are needed.

The cooperatives are integrative in nature.
As an organizational scheme, they are expected
to enhance the flow of technology, reduce the
costs of inputs, prevent cut-throat competition,
provide facilities that make for economies of
scale, facilitate the acquisition and use of
credit, and develop markets for the produce of
its members.

At the firm level, integration is occurring
in the rice industry in two ways: (1) in-plant
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vertical integration in which milling facilities
increase their components from single-pass
processing to multi-stage processing, in certain
cascs involving the use of driers, cleaners, in-
bin ventilators, aspirators, separators, pol-
ishers, pearlers, graders, and packaging equip-
ment (Fig. 232); and (2) production-marketing
integration toward the development of rice dis-
tricts in which the rice central is the main
component, supported by satellite country ele-
vators or stations (Fig. 233).

In-plant vertical integration is occurring in
various degrees. In a number of countries in
Asia, the single-pass mills are slowly being re-
placed by two-stage compact mills involving
dehusking and polishing. The cone-type mills
are being improved in certain components, par-
ticularly the cleaners, separators, polishers,
and graders. A iew installations have already
been set up that include all the trappings of a
modern mill plus auxiiiary plants that use rice
by-products such as an oil extractor, a bran
pelletizer, and a power plant fueled by rice
husks.

Production-marketing integration is seen in
cooperatives or in confederations of coopera-
tives plus some processors corporate in form
that are trying to encompass as many of the
functions as possible that are involved in rice
farming and marketing. Such integration is
usually accompanied by in-plant integration. It
is capital intensive and requires operation at
relatively high volume,

Integration offers economies of scale and
allows control of the operations at each stage.
But it requircs sophisticated management to
successfully handfe all stuges of the operation
so that a sufficient supply of the right quality
is available to keep the processing plant at
profitable capacity utilization rates and main-
tain the firm’s foothold 1 a sensitive and dy-
namic market. The promised rewards are high,
and so are the risks. — J. D. DriLon. Sowth-
cast Asian Regional Centre for Graduate Study
and Research in Agriculture, College, Laguna,
Philippines.
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Cooperatives

The two main problems in the grain industry
are tow productivity and low farm income.
‘These problems are due to the interaction of
such factors as small farm size, lack of oper-
ating and working capital, inadequate credit
institutions in the rural areas, inefficient post-
harvest practices including marketing, low
levels of education, and a general tack of useful
information, and negative attitudes and social
values. To minimize, if not eliminate, such
problems, the main aim of the Philippine gov-
ernment, as a matter of national policy, is to
expand and accelerate agricultural and food
production to meet the food requirements of
its rapidly increasing population, to raise the
traditional agricultural export production, to
increase its foreign exchange earnings, and to

increase the supply of raw materials for in-
dustrial processing.

The grain industry is the most important
industry in the Philippines in terms of hectar-
age planted, number of people employed, and
share of the gross national product. Advance-
ment in the grain industry, therefore, spells
agricultural progress and development. It is,
therefore, essential that the grain industry have
alion's share of the resources available for eco-
nomic and agricultural development. In the
Philippines, rice and corn production is the first
priority in food production programs. The in-
industry is given massive financial support.
For agricultural production loans alone, the
total amount extended from 1966 to 1971 to
paddy farmers was 2.4962 billion pesos; for
paddy marketing, 482.8 million pesos; and for
processing, 118.0 million pesos.® With the
recent move of the Philippine National Bank
1o participate fully in the supervised credin

8Agricultural Credit Report. Prepared by ad
hoe committee to study the agricultural credit sys-
tem in the Philippines.
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scheme for the production of rice, it is expected
that there will be significant increases in the
amount of credit for rice production and mar-
keting. Together with credit extension, 2 num-
ber of programs have been instituted by the
government to bring about desirable changes
in agricuitural production, the marketing sys-
tem, and the standard of living of the rural
population. One of the most significant pro-
grams is the development of agricultural
cooperative institutions through which needed
services are available to cooperative members.

Role of Cooperatives in Economic
Development

Cooperatives as an instrument of economic
development are in the forefront to promote
not only economic prosperity but also social
equity. In one historic meeting, the Interna-
tional Labour Organization in 1966 strongly
recommended that the establishment and
growth of cooperatives should be regarded as
one of the instruments for economic, social,
and cuitural development as well as human
advancement in development countries.? Co-
operatives should be established and developed
as a means of: (1) improving the economic,
social, and cultural situation of persons of
limited resources and opportunities; (2) in-
creasing personal and national resources by
encouragement of thrift and the sound use of
credit; (3) increasing national income, export
revenues, and employment by a fuller utiliza-
tion of resources; {4) improving social con-
ditions and supplementary social services; and
(5) helping to raise the level of general and
technical knowledge of their members.

His Excellency, President Ferdinand E.
Marcos of the Republic of the Philippines,
speaking before Asian cooperators, em-
phatically said: “Cooperatives are institutions
of human beings with a firm and faithful com-
mitment to the achievement of social justice
and economic democracy on the strength of
voluntary action to satisfy common economic
and social needs of pzople. They are peculiarly

#Recommendation 27. Intermational Labour
Conference, 1966. Fiftieth Session (mimeo-
graphed).
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suited to the economically weak and small for
whom indeed they have been conceived. Pro-
pelled by the power of self-help and self-
reliance, cooperatives can be effective means
of rationalizing of credit both with respect to
generation of funds and to their efficient man-
agement. As institutions of people they can re-
place or at least balance the institutions of
private property that today constitute the cita-
dels of the status quo. They can thus bring
about the revolutional change that the temper
of the times demands.”® In view of this idea,
President Marcos would like to solve socio-
economic problems by convulsing the country
with the cooperative approach.

Characteristics of Agricultaral
Cooperatives

Agricultural cooperatives, like the grain co-
operatives, are democratic institutions whose
control rests on the membership and whose
main objective is to provide efficient services
to members to effect savings and increase net
income. The common purposes of organizing
grain cooperatives in Asia are to increase farm
productivity and income and, ultimately, to
improve the quality of living in the rural areas,
Under efficient management, cooperatives may
help to safeguard the consumers' as well as the
farmers’ economic independence.

Through his cooperative, a farmer is linked
with markets; he learns to adapt his production
goals to market requirements and also learns
new techniques that are important for under-
taking new profitable cnterprises. A multi-
purpose agricultural cooperative may also pro-
vide for a limited number of consumer goods
and social services.

In general, the benefits of cooperation not
only improve the economic situation of
farmer-members, but they also tend to improve
the market conditions for all farmers because,
if the cooperatives are well organized and
managed, private firms and merchants will

104“A  Cooperative Ideology for New Asia.”
Paper read by President F. E. Marcos, President
of the Republic of the Philippines, at the opening
ceremony of the First Asian Conference on Agri-
cultural Credit and Cooperatives in Manila, De-
cember 1-10, 1970, Manila, Philippines, p. 22.
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have to readjust their price policies if they do
not want to tose all their customers to ¢o-
operatives. Thus, unreasonably high collection
and distribution margins can be reduced by
cooperative action. Cooperatives, therefore,
may break monopolistic or oligopolistic situa-
tions. Primary cooperatives may organize
secondary or tertiary federations that may
enter new markets and processing and/or dis-
triburtion activities. As & conseguence, it is
apparent that the agricultural cooperative
movemen: may constitute a rationalizing and
weifare iastrument in a national economy. A
system of agricultural cooperatives may even
run tts own marketing and price stabilization
schemes.

Grain Cooperatives in the Agricultural
Sector

Nowhere in the agricultural sector is the
demand for development more urgent than in
the grain industry. In the rural economy, there
is the pressure of population growth, clear
evidence of unemployment and underzmploy-
ment, and serious limitations of employment
opportunities. There is, however, an intense
appreciation of the fact that the rural economy
can improve only through increased grain pro-
duction. The grain industry is important not
only because the countries need to feed a vast
and growing population but also because the
grain industry depends on a large segment of
the population for its livelihood. Since the
grain industry is very important, it spells agri-
cultural progress.

Grain cooperatives, as economic and social
institutions, have vital roles to play in the drive
for development and agrarian reform since it is
the grain industry that is primarily covered by
land reform in the Philippines, Cooperative
organization appears to be the only feasible
and worthwhile method of putting the small
amortizing owner of very little or no raeans
on his legs and assisting him. In cooperation
with others he may become self-reliant, strong,
and dignified. If the huge reservoir of rotential
entrepreneurs, leadership, and talent avaitable
among the mass of people in the rural areas
is to be activated and utilized through demo-
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cratic methods, cooperative efforts ought to
be embraced by all peace-loving people.

In the Philippines, grain cooperatives (rice
and corn) are the igost numerous. As of June
30, 1969, out of 652 agricultural cooperatives
with a total membership of 362 637 farmers,
376 were grain cooperatives with 252 139
members and a paid-up capital of 6.4 miflion
pesns. Of the 376 grain cooperatives, 153 and
19 were active and semi-active, respectively.

The Role of Government in Cooperative
[ Development

The problem of agricultural development
is so obvious and so intensely demanding that
governments cannot wait for cooperative insti-
tutions to develop by themselves on the basis
of individual initiative and self-reliance. In
fact, the member countries of the International
Labour Organization have been encouraged
to formulate and carry out a policy under
which cooperatives receive aid and encourage-
ment of an economic, financial, technical, or
legistative nature, without adversely affecting
their independence. One of the resolutions in
the First Asian Conference in Agricultural
Credit and Cooperatives was to strengthen the
cooperative movement through administrative
and financial assistance from the government.

Cooperatives in the more advanced coun-
tries, such as Denmark, have emerged and
prospered with a minimum of government in-
tervention and support, In this region, how-
ever, governments have to play a more ag-
gressive role in providing a climate that is
conducive to the healthy growth and develop-
ment of cooperatives, It would not be sufficient
for the government to help farmers organize
and to provide financing and supervision to
cooperatives. Initially, governments will have
to carry the burden of providing opportunities
for cooperative members’ education and for
management training. This can be done
through the regular educational institutions,
the agricultural extension services, and the
state-financed training institutions, As coopera-
tives become stabilized and financiaily sound,
then they can, and should, carry out their own
educational and ftraining programs through
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their federations or national organizations.

A preferential government policy towards
cooperatives will facilitate the full develop-
ment of the movement. However, for the co-
operatives to cover most farmers quickly, sup-
port through subsidy or through tax exemption
privilege might be ailowed during the initial
stages of cooperative development. Care
should, however, be taken that cooperatives
are not used as agents of governments for
assistance programs to agriculture that might
run counter to the legitimate cooperative pur-
pose and be implemented outside the coopera-
tive framework. This may hasten the death of
the cooperative movernent. Undue reliance on
government coatrols and subsidy programs
creates an artificial atmosphere that may de-
stroy instead of build up cooperatives once
such programs are withdrawn.

Specific Functions of Grain Cooperatives

Grain cooperatives may contribute to the
objectives of agricultural development and
rural employment by serving as: (1) instru-
ments for capital formation through which
loans are issued to rice and corn farmers; (2)
agents for procurement and distribution of
quality farm supplies, at cost, to farmer mem-
bers; -(3) agents for the orderly and efficient
marketing of farm products; and (4) instru-
ments for the implementation of the govern-
ment program for the development of the grain
industry.

Saving and Lending in the Grain Cooperatives

The mobilization of available capital within
the economy, including agriculture, requires
an efficient network of credit institutions that
will bring about the progressive shrinkage in
size of nonmonetary areas. Authorities on farm
credit agree that the credit institutions that are
designed to serve the rural sectors, including
rice and corn farmers, must be built on a solid
foundation if they are to be of lasting benefit.
For people to accept them, their operations
should be suited to the traditions, habits, cus-
toms, and set ways of the rural people and must
conform to the idiosyncrasies of rurai living
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that have insured the growth and survival of in-
digenous leaders, such as the face-to-face rela-
tionships, the informal and simplified pro-
cedure, and the efficiency of loan releases. Not
only must they be financially stable on rational
commercial lines and operate in an atmosphere
of growth, but they must also help, stimulate.
and promote the initiative of rural people for
greater savings and render to them technical
guidance for more effective utilization of bor-
rowed funds.

it is believed that cooperative credit institu-
tiors are the best possible form of credit insti-
tutions for rice farmers, more than 73% of
whom cultivate not more than 3 ha. Coopera-
tive management officials are usually more
familiar with the local conditions, which is
essential for a successful local lending institu-
tion. In general, rice cooperatives in the Philip-
pines have failed in their lending operations
because the local committees, which were sup-
posed to be the extension arms of the co-
operatives, did not perform their functions
effectively.

Another basic reason for failure is the lack
of understanding of the basic principles of co-
operatives. To lift farmers from hardships,
credit, together with other assistance, must be
extended and should be tied to a planned pro-
gram of increased agricultural production.
This is necessary because, if the loans are
linked with traditional agricultural practices,
the credit will have no economic impact. In
this connection, cooperative credit must be
supervised to ensure that the loans are used
wisely and effectively, and result in maximum
benefits to the farmer-borrowers. Essential to
the success of the supervised credit program
of a cooperative are: trained farm manage-
ment technicians who can assist farm bor-
rowers in preparing farm and home plans;
careful selection of borrowers; appropriate
loan policies and procedures; continuous re-
search and experimentation; and adequate
financing.

Provisions of Agricultural Inputs

With the Green Revolution, “package tech-
nology,” including techmical inputs, has be-
come a critical and a decisive factor. If charges
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for fertilizers, insecticides, improved tools, and
other agricultural inputs remain prohibitive,
the full effects of other policies favourable to
increasing farm production and rural progress
cannot be achieved. For instance, the IRRI
varieties will only yield the maximum quantity
if correct dosage of fertilizer, chemical, and
water has been applied to the rice fields.

Cooperatives in some countries have been
able to overcome these pricing difficulties.
Concentration of demand and supply is one
inherent advantage of cooperatives over other
forms of economic organization. By concen-
trating the requirements of the members for
farm production, cooperatives can avoid some
of the costs due to small and irregular pur-
chases by individual farmers. In cooperatives,
economy in operation is easily attainable.
Furthermore, large discounts for these bulk
purchases mean savings to members as a result
of low prices. Cooperatives that are primarily
interested in the welfare of the members are
in a better position than any other organization
to secure goods and services with the right
quaiity, weight, and measurement.

In view of the moncpolistic situation in
many couniries, more cooperatives shouid in-
clude in their operations the procurement and
distribution of agricultural supplies to comple-
ment the credit provided to members. This
will ensure the sound use of credit and at
the same time secure quality inputs for farmers
at the lowest possible costs.

Marketing of Farmer-Members’ Products

Small rice farmers do not generally have
good control over the marketing of their prod-
ucts. Middlemen have so entrenched them-
selves in the control of the marketing system
that they can, and usually do, dictate their own
price and manipulate the market, This control
by the middlemen has meant that the farmers
get relatively low prices for their produce and
the consumers buy at relatively high prices.

Uniform standards of weights and measures
for selling farm products are lacking, making
it difficuit to compare prices in the various
markets and actually making the limited
amount of available price information prac-
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tically useless. Farmers usually sell their prod-
ucts individually and without regard to favour-
able market conditions as to when, where, and
at what price they should sell.

As has happened in Japan, South Korea,
and Taiwan, cooperatives may improve the
discouraging marketing situation in the region
by promoting orderly marketing and better
merchandising of farm products. Cooperatives
may make the supply of farm products for sale
at the market equal to the demand of the
buyers. When a rice farmer is acting for him-
self alone, he is often forced to sell most of his
paddy at harvest time. This may be due to the
perishability of his products, his need for cash,
or his lack of storage facilitics. Cooperative
associations may avoid this problem if they
can provide storage and credit facilities to their
members.

In the Philippines, the government provided
facility loans to paddy farmers’ cooperative
marketing associations to enable them to build
their warehouses and operate their own rice
mills. In 1967, of the 2712 warehouses in the
country, 318 were owned by the rice farmers’
cooperatives with a capacity of 7290 800
cavans (Weitz Hettelsater Engincers 1968).
This is approximately 18% of the total ware-
housing capacity in the Philippines. Many of
these paddy farmer cooperative warehouses
also operate rice mills.

Through large-scale procurement and distri-
bution of paddy, marketing costs are reduced.
Under a cooperative undertaking, distribution
is done in large volumes and the cost of mar-
keting is reduced. Cooperative marketing can
also reduce, to one, the number of hands the
farm products pass through; therefore, extra
costs are eliminated.

In some countries, the pooling of farm prod-
ucts as a distinct cooperative practice is used
by some cooperatives. Under the pooling sys-
tem, the products are grouped into lots on the
basis of grade, variety, or class and sold during
a given period of time. The returns from the
sale of the products are totaled and divided
by the number of units sold to get the average
sale price per unit. Fhis is the price at which
every unit of product in the pool is liquidated.
Every farmer receives the same price for each
unit of the product included in the pool.
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Implementation of Government’s Food
Production Program

Cooperative associations could work with
government agencies in the implementation of
subsidy and price support programs to bring
about the desired results. In Japan and Sri
Lanka, cooperatives are the buying agents of
the government in the purchase of rice or
paddy. They are also used as the price stabiliz-
ing agency of the government. On a commis-
sion basis, some cooperatives provide to the
government their warehouses, rice mills, and
trucking facilities. In Taiwan, the farmers’
associations are deputized by the government
to collect fertilizer payment and land rent.
They also undertake the warehousing and
handling of paddy, and rationing of rice to the
public, including the dependents of the Army.

Basic Requirements for a Cooperative
to Succeed

Efficient Management

The failure of many cooperatives may be
attributed to mismanagement. A newly organ-
ized cooperative very often cannot pay the
salary of a qualified manager, but it is at this
stage that the cooperative badly needs a com-
petent manager; otherwise, it cannot expect
to go far. Because of their inability to obtain
the services of qualified management person-
nel, many cooperatives have died even before
they could commence business operations.
New and small cooperatives everywhere have
particular difficulty in getting the services of
capable managers, As beginning businesses,
they, cannot offer the salary, or the security,
or sometimes even the potential of success
that will attract the services of trained people.
Salaries paid to managers iend to have a some-
what direct relationship to the size of the busi-
ness. As it gets larger there are usually more
employees to supervise and guide; there is an
increase in capital; and there are more re-
sources at stake. A mistake can be costly. As
management decisions affect more people and
capital, an increase in the compensation of the
manager is justified.

Several measures have been used to solve
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the problem of inefficient management. One
measure is to attract membeiship from the
better educated and financially well-off mem-
bers of the community so that they may lend
not only their financial support but also their
managerial abilities to the cooperative. But
experience shows that combining the small and
the large procedures in the same cooperative
is not always possible. The government, there-
fore, more often than not, has to step in and
provide opportunities for the training of man-
agers and employees of cooperatives. The
Agricultural Credit and Cooperatives Institute
has been providing this function of training
managers and employees of cooperatives for
the last two years. National Cooperative
Federations can eventually take over this
training function and create a pool of trained
managers who can be assigned to manage
newly organized cooperatives or serve as
trainers for newly recruited management
personnel.

In the Philippines the new strategy for co-
operative development includes the Manage-
ment Training Program. This program will:
(1) create a managemeni training pool to be
composed of top calibre cooperative managers
who shall provide on-the-spot training to pros-
pective cooperative managers; (2) develop
suitable and practical management training
materials and guides for the use of cooperative
managers; (3) contract for and defray the cost
of professional cooperative managers and/or
firms that shall actually manage cooperatives
as part of the training program. The Manage-
ment Training Program shall be administered
by an Advisory Board of five members that
shall be appointed by the Secretary of the De-
partment of Local Government and Com-
munity Development.

Another measure or method that provides
a cooperative with the skills of management
is a management service contract. Instead of
the Board of Directors hiring a single general
manager, as is usual, it contracts for the man-
agement function. This contract might be
made with: (1) another cooperative; (2) a co-
operative federation; or (3) a separate group
of people who are organized specifically to pro-
vide the services of management to a coopera-
tive or to a number of small cooperatives.
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Adequate Volume of Business

A farmers’ cooperative, like any other busi-
ness enterprise, must be of a certain minimum
size if the unit costs are to be reasonable.!* In
other words, a cooperative is a way of solving
the very important problem of economies of
scale for small farmers. In general, those co-
operatives that are failing have a small volume
of business. They do not have adequate income
to finance the costs of a prospering agricultural
business, and they are too small to hire compe-
tent managers and other staff, or to invest in
warehouses, processing plants, and other
facilities.

Satisfactory Membership Relations

A cooperative has to be operated or man-
aged in the interest of, and in accordance with,
the needs and wishes of the members. Unless
this is the guiding principle in the operation
of cooperatives, member participation, loyalty,
and support cannot be sustained. The Board
of Directors of a cooperative may serve as the
connecting link between the association and
the members. Being the policy-making body,
the Board of Directors individually and col-
lectively should constantly be in touch with
the members to keep them informed of facts
concerning their cooperatives as well as to hear
their suggestions and complaints. Within the
broad policies, the hired management should
have wide latitude in planning and executing
the day-to-day activities of the cooperative. In
this way the policies and operations of the
cooperative may continuously be geared to the
members’ requirements and desires. Prompt
payment of dues, continuous patronage, good
attendance at meetings, and efficient service
to the cooperatives are all indicators of satis-
factory membership relations.

Adequate Supervision and Guidance

Although the government regulatory author-
ity may exercise¢ guidance and restraints, it

1iQwens E. L. and Antholt. Coops Can Help -
If Government Is Willing. Small Farmer Credit
Analytical Paper. 5 p.
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should not interfere with the freedom of the
members, the board, or the manager to de-
termine their own problems and work out their
own solutions (Report of the Philippine Dele-
gation 1968). The government may also pro-
vide an auditing service that will analyze co-
operative operations apd point out mistakes
or weaknesses. Although some kinc of
direction and guidance by the government is
necessary to ensure that cooperatives are
properly run, there should be a planned with-
drawal of government interference as coopera-
tives demonstrate their ability to run their
affairs. The provision of management counsel-
ing is essential for the sound development of
cooperatives. However, this can best be done
by nongovernmental cooperative institutions
as, for example, the Central Cooperative
Union in Japan and the National Agricultural
Cooperative Federation of Korea.

Adegquate Capital Contribution from
Members

The need for member equity capital in co-
operatives cannot be overemphasized, Al-
though governments in the region recognize
the need for providing sources of liberal
financing for cooperatives, there can be no
substitute for the members’ contributed capi-
tal. The best indication of a member’s faith
and interest in an association is his readiness
10 put capital into the association. Members'
capital is also the cheapest capital that can be
used by a cooperative. Members’ participation,
loyalty, and attachment to a cooperative may
be heightened through a systematic plan of
capital formation from members’ -contri-
butions,

Whatever the capital structure of a co-
operative may be, the capital burden should
be apportioned among the members in some
way proportionate to the use that each one
makes of the cooperative. Those who derive
more benefit from, and do more business with,
the association should be required to carry a
correspondingly larger share of the financial
load than those who make less use of the
association. One way of doing this is to assess
each member for a capital subscription in rela-
tion to farm area cultivated or per unit of pro-
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duce delivered regularly to the cooperative.
Another way is deducticn of a preagreed per-
centage of sales or proceeds of crops sold to
or through the cooperative. In the new strategy
for cooperative development in the Philip-
pines, forced savings of 5% of production
loans for the purchase of shares of stocks of
rural banks and 1 cavan of paddy per hectare
per harvest to be contributed to the Barrio
Guaranty Fund are the methods being
adopted.

Centinuous Cooperative Education
and Training

Management training and member educa-
tion play a vital role in the overall growth of
the cooperative movement. Underscoring the
importance of cooperative education, a noted
Swedish cooperator once said, “if we had
occasion to start our movement afresh and if
we were given the choice betwen two possi-
bilities, that of starting without capital but
with enlightened membership and staff or, on
the contrary, that of starting with a large
capital and ill-informed members, our experi-
ence would incline us to choose the first
vourse” (Quintane 1969).

“The success or failure of a cooperative
institution is greatly dependent upon the em-
ployment of highly capable management offi-
cers. Of equal importance is the need for
providing proper education and training for
the members of the board of directors as well
as the general public. It is simply not enough
for the members to know what they can do
for the cooperative to insure its success. Edu-
cation is the process of moving from a stage
of cocksure ignorance to one of thoughtful
uncertainty” says Mr. E. Patterson (1968},
Assistant Director for Agricultural Develop-
ment, USOM, Thailand.

In the Philippines, the training of manage-
ment employees and the board of directors
has been the main responsibility of the Agri-
cuitural Credit and Cooperative Institute.
Religious organizations, private agencies, and
cooperative federations have been providing
limited training programs to management em-
ployees; however, they have more member
education activities. There are about 30 such
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organizations doing membership education in
varying degrees.

The national cooperative movements in ad-
vanced countries, such as Sweden, Denmark,
Japan, Canada, and West Germany, have done
a considerable amount of work in the field of
member education that can provide us with
experiences worth studying (Vir 1969).

In Sweden, the cooperative movement con-
ducts large-scale education programs for its
members mainly through study circles and cor-
respondence courses. Member education
classes are usually organized at the primary
society level. Correspondence courses work
very well in Sweden because of the high liter-
acy among the rural people. Funding of the
courses is the primary responsibility of the
cooperative movement.

In Denmark, the high schools are the hub
of general adult education activities including
member education. As residential schools, they
emphasize the importance of social attitudes
and leadership qualities among the participants
who learn and live together.

In Japan, cooperative member education is
an important part of the extension classes
organized by multi-purpose cooperatives for
their members. The national organizations and
the prefectural federations assist the primary
societies in conducting member education pro-
grams., The government extension agencies
assist Japanese farmers through their coopera-
tive associations. Agricultural cooperatives,
which are highly integrated and diversified,
have been successful primarily because of the
well-developed education programs prepared
and implemented by voluntary as well as gov-
ernment sectors.

The Canadian experience in cooperative
education through universities and colleges is
relevant. Member education forms part of the
adult education or extension programs con-
ducted primarily for fishermen by Saint
Francis Xavier University. This approach
could be adopted in the Philippines if uni-
versity and college authorities could be con-
vinced to include member education in their
general extension programs.

In India, a sophisticated program of co-
operative member education is carried out
through the National Cooperative Union, the
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State Cooperative Unions, the District Co-
operative Union, and ad hoc committees. The
scheme, with about 750 cooperative education
instructors, is primarily designed for agricul-
tural cooperatives. These instructors are re-
sponsible for conducting training courses for
secretaries, committee members, and ordinary
members of cooperatives. The study circles are
usually organized by the cooperative in-
structors. The member education scheme in
Sri Lanka is substantially similar to that in
India.

Conclusion

Never in the history of the region have co-
operatives promised so much to promote social
justice and economic independence among the
impoverished masses of the pecple. However,
1the momenturn of development varies in dif-
ferent countries. Some countries like Japan,
South Korea, Taiwan, and Egypt have already
succeeded in developing potent and viable co-
operative organizations; some countries have
just recently identified the ingredients of suc-
cessful cooperative business enterprise; others
have but feeble beginnings. But in all instances
and in all countries in the region, there is
definitety a recognition of the possibilities of
cooperative strength, without which the coun-
tries will always remain backward and unable
to enjoy their fair share of the dignified and
decent life to which every human being aspires.

Cooperatives, if given favourable conditions
for development, can truly be an effective in-
strument for economic and social development,
They can alleviate the condition of the less
fortunate segments of our society that are in
need of social and economic amelioration, and
should have the right to enjoy the privilege of
self-development, social growth, and economic
independence under a truly just and demo-
cratic society. — VICENTE U. QUINTANA,
Agricultural Credit and Cooperative Institute,
University of the Philippines at Los Barios,
College, Laguna, Philippines.
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India’s
Experience

This section discusses the developments in
the rice processing industry in India during
the past 9 years, and is restricted mainly to the
technical aspects of harvesting, threshing, dry-
ing, storage, parboiling, and milling. It pre-
sents a picture of the traditional practices,
the stages through which India moved to begin
modernization programs, some of the things
that were learned, the present situation, and
the starting organizations.

Traditicnal Practices

Before discussing the meodernization pro-
gram in India, | will briefly discuss the tra-
ditional methods. This will give a clear indica-
tion of why we started modernization pro-
grams in India.

Harvesting and Threshing

Throughout India most paddy is harvested
and threshed by hand. The paddy stalk is
cut from the stubble and moved to the
threshing Roor. Paddy is then threshed by hand
beating, trampling by bullocks, and some cases
“trampling by tractor.” In some areas different
types of mechanical threshers have been used
on a very limited scale. Needless to say these
threshing practices incurred large losses in
terms of field losses, handling losses. and
threshing losses.

Drving

Until very recently most paddy harvested
in India was sun dried. This was accomplished
mainly by leaving the paddy standing in the
ficld until it was dried to approximately 14%




IMPLEMENTATION

moisture. In some cases this was not possible
and the paddy was harvested earlier, at a
higher moisture level, and spread on sun drying
yards and roads to permit drying to a sufficient
level. Paddy that was parboiled was also sun
dried on drying floors after parboiling.

Storage

Many farmers retained a large portion of
the harvested paddy, which was usually stored
in mud constructions in the village. Paddy that
moved to market was procured and stored in
“godowns” or warchouses. These warchouses
ranged in capacity from a very few tonaes to
several thousand tonnes. Very limited atten-
tion had been given to storage facilities and
storage practices, and because of this, large
losses were incurred during storage mainly due
to rodents, birds, insects, and fungus growth.
Very few stores had wooden dunnage, hardly
any stores had fumigating facilities, and most
stores were open to rodents and birds.

Parboiling ©

Practically one-third of India’s paddy is par-
boiled. In small local rice mills the paddy is
soaked in concrete soaking tanks and then
steamed for a short time in metal steaming
kettles. In some cases both the soaking and the
steaming operations were done in used oil
barrels. Very little attention was given to the

quality of the rice, the parboiling was not uni-
form, and there were a number of admixtures.

Milling

India was blessed with about 50 000 regis-
tered huller rice mills and some 2000 disk-
sheller rice mills. Very few mills had paddy
cleaners, and hardly any mills had rice graders.
Mitlls varied in size from a few hundred kilo-
gramis per hour to several tonmes per hour.
Until this time there had been no effort to look
at or solve the problems related to this industry.

Pilot Project Development
Study and Recommendations

During 1963 a study team consisting of
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representatives of the Government of India as-
sisted by Ford consultants conducied a com-
prehensive study of the milling industry in
India. In September 1963 they submitted the
findings of their study and their recommenda-
tions: (1) the paddy received from the farmers
is low in milling quality, and improved produc-
tion practices and varietics would provide
better paddy for milling; (2} traditional storage
in India does not provide adequate protection,
and an estimated 5% of the paddy can be
saved by improved storage techniques and
facilities; (3) milling machinery manufactured
in India was designed 30-50 years ago. Most
of this machinery consists of hullers that give
a rice outturn of 6495, the rest are sheller-type
mills that give an outturn of 68%. Many im-
provements have been made throughout the
world and modern milling machinery is ex-
pected to produce a rice outturn of 71-72%;
(4) the design of, and suggestions for, modern
storage and rice milling facilities for several in-
stallations in India were included; (5) for each
of the modern storage and milling facilities, the
expected increase in outturn of rice would save
1600 t of rice per year. This traditional outturn
would have an estimated value of 1 100 000
rupees; (6) the proposed modern storage and
rice mitling faciities would operate at a lower
cost than mills currently in use; (7) India needs
1000 modern rice mill installations, which
could make a major contribution to food sup-
ply and reduce the cost of storage and milling;
and (8) additional research and evaluation, and
a training program for rice mill operators on
improved storage and milling techniques were
proposed.

Project Planning

Following the above report, the Ministry of
Food and Agriculture made the decision to be-
gin a pilot project in modern paddy storage and
processing. Their plans called for establishing
seven pilot plants. Each one was to include
mechanical handling equipment, silos for stor-
age, mechanical driers, modern parboiling
equipment, and modern rice milling ma-
chinery. With the exception of the seven im-
ported rice mills, all the equipment was to be
manufactured in India, and all silos were to
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be of reinforced concrete and constructed in
India.

Project Implementation

Construction began at the sites in 1965 and
companies began to manufacture equipment.
This equipment had not been built in India pre-
viously. All the industries faced many new
problems, simple and complex: How fast do
you operate the belt conveyor? What are the
design pressures? What air velocities and air
temperature? It may be worthwhile pointing
out that by early 1966 progress had slowed to
a standstill, mainly due to insufficient plans,
detail, and coordination and it was necessary
to go “back to the drawing board.” Detailed
plans and equipment specifications for driers,
cleaners, parboiling equipment, and conveying
equipment were brought from abroad and
given to the manufacturing firms. With re-
planning, project coordination, and a full-time
consultant, the project began to move forward.
By the latter part of 1966, some of the mills,
driers, and parboiling plants were in operation.
Still later the silos were commissioned and
were ready for operation,

Since this was the first time for manufactur-
ing firms to build driers and cleaners, much
time was spent in the factories on designs and
construction. As the modern facilities were
completed, operational problems arose.

Commiissioning and Tryouts

Mill, drier, parboiling, and storage opera-
tors had to be trained on the job. For example,
manufacturing firms had built a drier, accord-
ing to plans, but had no idea of how it was
operated. Foreign rice mill suppliers sent their
technicians to supervise installation of their
machinery and conduct on-the-job training in
its operation. During the tryout period many
practical problems arose, for example the drier
feed-rolls did not function properly. After re-
building these on site, the driers were put into
operation. Many similar small problems had to
be worked out with the cleaning and conveying
equipment. During 1966-1968 most of the
problems related to the new industry were
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worked out, and the seven pilot plants were
put into operation,

Supporting Industry

The success - the pilot project should be
credited to mar: government and private in-
dustry personnc  Without their patience and
initiative, the p: cct may not have been com-
pleted. Consulti: ; civil engineers assisted with
the silo designs and the buildings and ma-
chinery foundations. The manufacturing indus-
try did a magnificent job in turning out the new
equipment. Contractors, working with all those
concerned, coordinated the efforts and com-
pleted all construction without undue delays.
As a result of this. India now has three major
firms manufacturing modern rice mill ma-
chinery, in collaboration with foreign firms;
several manufacturers with standard lines of
mechanical driers, parboiling equipment, and
conveying equipment; and a number of smaller
manufacturing firms that offer various com-
ponents for the rice processing industry, such
as blowers, burners, gear drives, belting and
even cleaners, rubber roller huskers, and paddy
separators.

Some Things We Learned
Drying

Since the seven pilot projects were each con-
sidered a commerciai rice mtill (1, 2, and 4 t/h
capacity) with supporting facilities, the LSU
continuous flow drier was used in conjunciion
with tempering bins, storage bins, and the
necessary conveying equipment.

The drier is much more efficient when
paddy is precleaned, It averages 2% moisture
reduction per 30-min pass (to dry paddy from
20 to 149, threc passes are required). Paddy
is tempered between passes from 8 to some-
times 20 h. For drying field paddy, air tem-
peratures ranging from 60 to 82 °C (140 to
180 °F) have been successfully used. Higher
air temperatures dry paddy a little faster, but
cause more paddy breakage during milling.

Parboiled paddy is recirculated in the drier,
without tempering, at regular intervals. An air
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temperature of 93 °C (200 °F) is used in the
first part, and 82 °C (180 °F) for the remain-
ing drying time. These higher air temperatures
for parboiled paddy have not affected head
yields. Furnace oil is being used, instead of
kerosene, since it is cheaper. The drier is used
as a direct fired unit, without heat exchangers.
A steam heat exchanger has been used in a
number of cases as the source of heat, and
works most satisfactorily. Husk from the rice
mill is burned in a husk-fired boiler, producing
steam for the heat exchangers. This system has
the lowest operating cost, even though its
mnitial cost is higher,

Including depreciation, interest, mainte-
nance, fuel, labour, and overhead cost, Mr. Bal
from Kharagpur reports that the drying cost of
parboiled paddy is 18.5 rupees/t of paddy, as
compared to the sun drying cost of 12.5
rupees/t. It is assumed that if losses resulting
from sun drying are considered, mechanical
drying would be less expensive. Rao, from
Kharagpur, reports that the drying cost of field
paddy varies from 6 to 10.33 rupees/t.

Storage

The pilot project included reinforced con-
crete silos of different capacities, which had
hopper bottoms for gravity flow unloading.
Later a number of flat bottom silos were con-
structed, using {abour and sweep augers for
unloading. With the experience and particu-
larly the economics of both types, it is recom-
mended that large capacity silos for general
storage, which are unloaded only a few times
per year, be constructed as flat bottom silos.
Silos used as receiving bins, working bins, or
tempering bins should have a hopper bottom
for easy unfoading, with a minimum of convey-
ing equipment and labour.

In several cases prefabricated metal silos
were considered and even though their grain-
keeping quality was good, they were more ex-
pensive than the reinforced concrete silos.

The first silo installations cost 380 rupees
($50.67) per tonne of storage capacity (260
rupees for civil works plus 120 rupees for the
mechanical works). Today, new silo installa-
tions cost 210 rupees ($28) per tonne of capac-
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ity (150 rupees for civil works and 60 rupees
for the mechanical works).

Godown construction costs vary consider-
ably from one part of India to another. Costs
range from 150 to 225 rupees ($20 to 30) per
tonne of storage capacity. In most cases con-
struction cost is generally higher in the case of
godowns. This is mainly due to the cost of
gunny bags and the labour required to move
the gunnies (see Table 49).

TasLE 49, Costs for grain storage in India (in rupees).

Silos Godowns®
(1) Investment cost for
4000 t 880 000 680 000
(2) Operation costs
(a) Staff salaries 7 200 7200
(b) Labour costs  — 8 000
(c) Electricity 2400 1 200
(d) Maintenance 8 800 13 600
(e) Depreciation 17 600 20 400
(f) lnterest on
investment 66 000 51 000
(g} Gunny bags — 22890
Total 102 000 124 290
(3) Storage
cost/tonne/month 212 2.59
(30.29 (30.35)

ENote the high cost of maintenance and depreciation for
locally built godowns.

Parboiling

The Central Food Technological Research
Institute developed a parboiling process that
has two simple steps: (1) soaking in hot water
for 2-3 h; and (2) steaming for 15~30 min. A
simple steel tank is constructed for soaking the
paddy and hot water is recirculated during the
sozking period.

Water temperature is kept at 60-70 °C.
After soaking, the water is drained, and the
paddy is steamed in the same tank. After
steaming the paddy is unloaded, through the
bottom of the tank, and moved on to either sun
or mechanical drying. Husk-fired boilers sup-
ply the hot water and steam for the process,
making the operation very economical. The
size of the parboiling plants can vary, but they
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ustially are 24, 48, or 96 t/day to match the
capacity of & 1. 2, or 4 t'h rice mill

Milling

An analysis of milling studies is presented
in “Comparative Performance™ on pages 273—
277.

Harvesting

Throughout India most of the paddy is har-
vested and threshed by hand. The paddy stalk
is cut from the stubble and then moved to the
threshing floor. The grain is then separated
from the straw by hand beating or trampling
by bullocks. Only in a few areas are simple
mechanical threshers being used. Paddy mois-
ture content at harvest varies with different
practices. In most areas of India paddy is I
standing in the field until it sun dries; in other
areas, it i5 harvested at 20-25% moisture and
stacked until dry before it is threshed; whereas,
in other areas the paddy is hurvested and
threshed at a relatively high moisture content.
Both the harvesting and threshing methods
affect the quality and yield of paddy. Each
variety of paddy has its individual properties
known as “varietal characteristics,” which
means that varieties may differ from each other
with respect to their requirements for harvest-
ing, threshing, drying, and milling.

Several authors have reported results of
harvesting and drying studies. The Rice Pro-
cess Engineering Center at Kharagpur, India,
reports that the optimum harvest moisture con-
tent of IR8 was found to be between 21 and
24% . The average field yield at this moisture
tevel was 6740 kg/ha but it was reduced to
5550 kg/ha when the crop was harvested at
15% moisture level, During the sun drying
process, the overmature paddy begins to
shatter and fall and is lost in the muddy soil;
some of the paddy is consumed by birds and
rodents; and some is lost in cutting and trans-
porting. These losses account for the 21.6%
reduction in field yield during the field drying,
harvesting, and threshing processes.

From this and other reports it may be sum-
marized that paddy harvested at the optimum
moisture level, following maturity, produces
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more yield per hectare than paddy allowed to
remain in the field to sun dry. This provides a
larger income to the paddy grower. Experience
has also shown that paddy can be harvested
and threshed by hand, at relatively high mois-
ture levels, overcoming the traditional! prac-
tices.

Expansion After the Pilot Project

Probably the most etfective method of eval-
uating a pilot project is to observe the effects it
has had on the industry. As the seven pilot tice
mills went into production the industry imme-
diately began to see the benefit of modern
milling. Manufacturing firms then collaborated
with foreign firms and began to manufacture
modern rice milling machiaery in India, From
the seven pilot units, the first expansion was
by the Food Corporation of India, which in-
stalled 24 modern rice mills. Today, approxi-
mately 4 years after the pilot plants were
started, cooperative and private rice millers
have built approximately 200 complete new
modern rice mills and conducted several hun-
dred modernization programs. A moderniza-
tion program adds rubber roller shellers, paddy
separators, and sometimes paddy cleaners and
rice polishers to a miller’s equipment. 1n many
cases mitlers have also added modern parboil-
ing tanks or mechanical driers.

Today there are also a number of smaller
manufacturers that produce only rubber roll
shellers, paddy cleaners, or other component
rnachines for the industry.

Organization in India

A number of different organizations in India
are supporting this modernization program in
various ways. The Food Corporation of India
has helped iead the way, both in milling and
stcrage, and has also helped in quality control
and in rice standards and grades. The Central
Building Research Institute has studied prob-
lems of storage and designed a number of
small, scientific, village storage facilities. They
have also worked on the design and construc-
tion of larger silos, which has helped reduce
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costs. FAO has a drying and storage project
with the Storage Institute at Haipur. Here they
arestudving farm and villagedrying and storage
problems. They also are assisting with exten-
sion education programs. The Ford Founda-
tion has assisted the Government of India in
establishing a Rice Process Engineering Center
at Kharagpur. This is the first such institute in
the world. Here they are engaged in research
and development, teaching and training pro-
grams, and extension work in all aspects of
paddy and rice storage and processing. The
Central Food Technological Research Institute
at Mysore has done work in parboiling, food
technology, drying, and insect control,

These and other groups are assisting India in
studying the problems, designing new equip-
ment, implementing new programs, and gen-
crally expanding the concept of modern scien-
tific storage and processing. — JAMES Wim-
seriY. IRRI - Ford Foundation Sri Lanka,
Riee Processing Project. Colombo, Sri Lanka.

Case
Studies

Barromeo Infegrated Rice Case

The following two presentations are case
studies on a proposal by Mr. Carlos Borromeo
to establish an integrated rice operation. Al-
though these discussions are not illustrative of
either correct or incorrect presentation of a
case analysis, they provide an insight into the
reasoning that should be us:d in an analysis
and provide a basis for discussion.

Mr. Borromeo purchased a modern drying
and storage ceniral with a mill and proposed to
undertake the drying and storage needs of the
area. Because he did not own any rice paddies
he based his supply upon purchasing paddy
from local farmers. He wanted to purchase,
dry, and store the paddy when it was at a low
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price and market a high quality rice at a
premium price.

These case studies were able to forecast
some of the troubles he would encounter.

Study 1

That the rice industry in the Philippines is
extremely chaotic and in desperate need of
rationalization is an observation that cannot
be denied. The gross inefficiency of the whole
system has adversely affected the well-being
of both the producer and the consumer. Mr.
Carios Borromeo, a businessman, feels that
this condition of the industry, coupled with
dramatic technological breakthroughs, pro-
vides an excellent business opportunity, He
eavisions the development of an integrated
rice operation that will overcome the credit,
grading, storing, and retail problems of the rice
industry.

Supply

Most of the rice produced in the country has
substandard quality, and onl¥ a negligible
portion would qualify for the world market.
Because it is Mr. Borromeo's plan to deal with
high quality rice, supply presents a formidable
problem. It would be very difficult to get the
farmers to produce quality rice even with the
guaranteed price Mr. Borromeo is planning
to offer. Besides planting, quality requires more
fertilizer, knowledge of the modern methods of
farming, better irrigation systems, and quality
seeds, all of which result in higher expenses for
the farmers. It would be difficult for the farm-
ers to invest more, even with the prospects of
increased earnings. To most of us the farmers’
behaviour may be irrational, but for the farm-
ers it is wise, and for some the only decision,
because they have limited capital. Even if
enough farmers agreed to produce quality rice,
they might expect technological and financial
assistance from Mr. Borromeo, which would
increase the operating costs of the company.

Another problem would be the financial and
personal commitments of the farmers. Many
of them, because of hard-up conditions, hor-
row money from traders using their crops as
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collateral; therefore, even before planting they
have aircady sold their harvest. This relation-
ship has existed for years, and is based not
only on financial but on personal considera-
tions. The traders are so entrenched in their
position that it would be very difficult for Mr.
Borromeo to dislodge them, especially if we
consider that the projected requirement is
54 000 cavans of paddy. It is true that farmers
can borrow from government institutions and
rural banks, but experience has shown that it
is much easier to borrow from traders.

Mr. Borromeo did not consider the risk from
oatural calamities. This is one reason why
farmers would be reluctant to invest more.
One strong typhoon and their investments
would go down the drain, and Mr. Borromeo’s
supply would be gone. It would take time be-
fore a new crop was harvested, and meanwhile,
his operating costs would be running con-
tinuously. It might be difficult for his company
to look for quality rice in other areas, and
transportation  costs might be prohibitive.
Furthermore, there is no assurance of the
needed volume.

There are some factors in his favour, how-
ever. There are revolutionary developments in
the rice industry that will result in higher a..-
better production and credit is available from
the Develcpment Bank of the Philippines
{DBP}). Central Bank, rural banks, and other
government institutions. Specifically, he may
avail himself of the DBP's rice processing and
storage program, the 100 000 peso CB-DBP
Cereal Procurement Programme. It is doubt-
ful, however, that these factors would be able
to fully overcome the problems discussed. At
best, he can meet his supply requirements after
a few years, but not in his first year of op-
eration.

Rice Processing

The government policy of encouraging the
private sector in this area wiil help Mr. Borro-
meo; therefore, financing the equipment will
not be much of a problem. We can assuse that
he will avail himself of modern facilities, e.g.
warm air driers, bulk storage, and rubber roller
- mills; however, this area is not without prob-
lems. There is a scarcity of competent person-

net who can run these facilities. Furthermore.
only a few warchousemen invest in mechanical
warm air driers because of their low returns.
It does not necessarily mean that the company
will have low returns on this, but this factor
is worth considering. Problems in rice pro-
cessing go hand in hand with supply. If there
is insufficient supply, facilities will be under-
utilized, but the fixed costs will run at the
normal level.

Finance

The financial projections of Mr. Borromeo
are premised on highly questionable assump-
tions. (1) Adequate supply as early as the initial
vear of operations. As discussed earlier, this
assumption is highly improbable. The break-
even point for the company is 40% assuming
that his costs breakdown is correct. Mr. Bor-
romeo should prepare to suffer initial losses,
and his investment should give allowance for
this. (2) All rice produced will be sold. Mr.
Borromeo plans to sell quality rice in packages
at a premium. Although this may sound like a
novel approach to rice marketing, the proba-
bility of customers’ rejection of the scheme is
relatively high. Studies on consumer preference
for packaged rice should have been conducted
beforchand.

Furthermore, some costs were not consid-
ered. (1) Transportation expenses. Because he
will sell his rice through retail outlets, Mr, Bor-
romeo will have to deliver his rice to them.
Transporting rice to retail outlets is expensive.
It may even require acquisition of trucks. A
modest provision for transportation expenses
will raise his company’s breakeven point to
about 60-70% using 1825 t as the basis. (2)
Working capital. Considering the volume of
business, working capital is insufficient. For
one thing, inventory alone requires a lot of
money. To be able to supply on a continuous
basis, Mr. Borromeo’s company will have to
store rice, particularly during the rainy scason.
He cannot expect the retailers to store rice for
him. Censidering that he is dealing with quality
rice, the retail outlets he would be working
with will be serving the middle and upper
segments of society. These institutions nor-
mally expect some amount of credit to be
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granmted to them. Again accounts receivable
would eat up a good portion of his working
capital.

His financial projections undoubtedly have
to be revised. Expenses are understated and
sales projections are too optimistic. Further-
more, the income projections should be scaled
to take into consideration the difficuitics he
will encountet in the initial years of operations.

Masketing

Mr Borromeo proposes 1o sell rice at 38.35
pesos a cavant? of rice to the retailers. Assum-
ing a conservative retailer’s margin of 10%,
the cost to the consumer would be 42.20 pesos.
The average retait value is approximately 30
pesos (figure used in the case); therefore, the
premium is very high.

Mr. Borromeo’s approach to marketing is
novel. The rice would be packaged and sold
through selected retail outlets although con-
sumers are used to buying unpackaged rice.
However, sugar packaged and sold at a pre-
mium gained acceptance. It may be argued
that if it worked for sugar there is no reason
why it will not work for rice. The difference
fies in the amount of premium. In the case of
sugar, the premium is very small, but from our
computations, the premium for Mr. Bor-
roneo’s rice is very much higher. Besides, rice
is our staple food; sugar is not. Even if it does
gain acceptance, it may take some time, In re-
vising the projections, this should be con-
sidered.

The government plays a very important role
in the marketing of rice especially with its
price control regulations. The price of rice is
used conveniently by the people to gauge cost
of living fluctuations. The government, know-
ing this, is doing its best to lower the price of
rice as much as possible, If the government im-
poses a ceiling on the price of rice of all kinds,
the profit picture of the company will be
adversely affected. Mr. Borromeo can only
hope that the government adopts the socialistic
dual pricing system. It should be realized

12Computed as follows: 1400000 pesps —
825 X 50 cavants/t = 38.35 pesos per cavan of
nce.

that the government does, and will always,
meddie with the law of supply and demand as
far as rice is concerned.

Recommendations

We do not know the primary motivation of
Mr. Borromec in pioneering a ncw approach to
the rice industry. It is clear that the problems
he is facing are far more complicated than he
has imagined. His financial projections are
oversimplified. The success of his approach
depends so much upon factors beyond his
control. It is doubtful whether he can really
cash in on the technological breakthroughs in
the industry. For instance, the buildup given to
the miracle rice or the IR8 variety as the
solution to the problems, not only of the Philip-
pines but of the world, proved to be nothing
short of dramatic nonsense.}® Then there is the
government. It is a plus factor as far as supply
is concerned, but a negative factor in market-
ing. As a businessman whose primary purpose
is to make money. he should abandon his pro-
ject. This is not to say that his project is not
viable per se. It may susceed in the future
when some of the constraints discussed above
are eliminated.

If, however, Mr. Borromeo's primary pur-
pose is to have the self-actualizing act of
pioneering a scemingly novel approach, then
he should go on. I recommend the following
changes in his strategy: (1) the capital shoutd
be at least doubled to prepare for probable in-
itial losses and to provide more flexibility in the
operations; (2) all possible government aid
should be availed of particularly in the fleld of
financing, to minimize his financial exposure in
the company; and (3) integration should be
done stage by stage. The marketing of pack-
aged quality rice at a premium should be tried.
I it gains consumer acceptance, then he can
start his backward integration.

It should be emphasized that cven with the
above changes in strategy the risks are still

13Credit should be given, of course, to the In-
ternational Rice Research Institute for this sig-
nificant confribution. The disappointments of
many should be blamed on the media for their
gross exaggerations.
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high and returns uncertain. — MaNvEL B.
ViLLar, JR. University of the Philippines at
Loy Baiios, College, Laguna, Philippines.

Study 2

Assuming that Mi. Borromeo can come up
with a system for his processing operations that
would be technologically feasible, it appears
that the bottleneck or critical point in the
system would be the inputs.

Borromeo, in this case, is assuming the role
of a change agent/initiator in an environment
traditionally oriented in values, thoughts, and
means. He wants to trade an economic idea,
with its corresponding financial commitments,
which must be accepted by the farmer, for the
inputs for his operation. This is precisely where
his problems and difficulties lie, he must as-
semble adequate inputs for his project to be
economically viable.

Attitade of the Farmers

Farmers do not readily adopt and accept
modern farm technology and new improved
rice varieties because they have not had pre-
vious experience with them and “fear the un-
known.”™ This is understandable because they
would naturally not want to risk their borrowed
financial investments on somcthing that is not
guaranteed or proven. So, to their mind, they
may as well stick to age-old techniques and
methods with traditional varieties that produce
proven measurable outputs and consumer ac-
ceptability. Furthermore, from the point of
view of money, these changes and shifts would
mean additional financial outlays, which the
farmers are relatively short of. Again, we can-
not expect the farmers to venture into these
prospects which require more out of pocket
investments, without some proven results,

Granting, however, that a considerable num-
ber of farmers are eventually convinced to
change and shift to new varieties of quality
grains, the absence of developed quality
standards, price premiums, and assurances
worild only lead to further chaos in the indus-
try and disillusionment on the part of the
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farmers, even if they eventually turn out high
quality grains, because there are no bench
marks or measures as a basis for equitable
guaranteed reward. I believe that if this setback
occurred, it would be very difficult to rectify
since anomalies and frauds would become en-
trenched and the rice farmers would become
unresponsive and disillusioned.

Experience

Already the farmers have had sad experi-
ences in the past with the FACOMA's. For one
thing, because of mismanagement and corrup-
tion within these entities and other related
agencies, many of the farmers were cheated or
simply robbed of their produce. This has left
deep scars and with time these sad experiences
have generalized into contempt and lack of
trust for any agency that assumes functions and
services similar to those the FACOMA’s of-
fered before,

This feeling is also aggravated by the fact
that the farmers do not fully understand the
biological nature of their produce. As we ex-
perienced, they would have their paddy stored
fresh after harvesting. Naturally, the paddy
would still have a high moisture content. When
they claimed their paddy, it would have had
time to lose some of its moisture content and
its weight would be less than when brought in,
and they blamed the FACOMA for stealing
their produce. Another thing the farmer can-
not accept is the fact that when he brings his
produce to institutional processing operations,
the grains are inevitably mixed and the farmer
loses all means of identifying his cwn particu-
far produce, This apprehension stems from the
belief that his own particular grains arc always
better than those of the other farmers. When
the time comes to draw out his grains, he is
wary about not getting grains of equivalent
quality. These factors intermesh with the prob-
lem of setting up or developing quality stand-
ards for the grains.

Financial and Personal Commitments

This appears to be the most critical aspect
because, through time, the business relation-



IMPLEMENTATION

ship between the farmer and his creditor has

developed into a friendly and well established

petrsonal -bond. The Filipino “utang-na-loob”
" comes into consideration here because when
Borromeo asks a farmer to bring his produce to
him, the farmer will think: “It was Pare An-
dong who provided for me during the planting
season. He took care of the needs of my
family and even the hospitalization of the Boy.
I owe it to him, my crop and my gratitude. So
why should I sell to Borromeo? What has he
done for me -1 don’t even know him.”

If only 50% of the farmers targeted by
Borromec to supply his inputs think like the
farmer cited, all of Borromeo's projections for
economical utilization of his system would be
thrown off and he would be left with a very big
plant lying idle. Therefore, if Borromeo hopes
to compete in this aspect of ensuring assembly
of inputs for his operations, he must not only
assume the role of creditor and middleman,
but he must also develop ties and bonds with
the people in the community. He must blend
into the social structure or organization of the
cnvironment he has targeted to tap.

Trndihg Practices

The farmers who are inevitably caught in a
financial stranglchold by their creditors have
no recourse but to sell their crops upon harvest
directly 1o their creditors or dealers, usually on
terms dictated to them to pay off their debts
and commitments.

The dealers in turn concentrate mainly on
the trading aspect of the business and are very
refuctant to invest and participate in bulk
storage. This is due to the fact that the govern-
ment is in the industry and is controlling prices.
The dealers are afraid to get caught with big
butks of rice at a government price ceiling
lower than their acquisition cost. Because
trading in the industry is brisk, active and fast
dealers find it easier to realize larger profits by
concentrating only on the trading function
rather than tying up capital in inventory and
storage facilities and assuming more risks.

We have been traditionally a rice importing
country, Our production has always been well
below our consumption requirements. From
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the farmers, the assembly points, and the rice
mill, therefore, the rice is directly marketed to
the consumers to satisfy their immediate de-
mand. Since theoretically there is no buildup of
inventory or surpluses the need for facilities
for long-term bulk storage has never been
acutely felt. In fact, what we really often have
are empty or under-utilized storage facilities.

Conclusion

I believe, that at this time, it was premature
for Borromeo to set up his pilot project, which
was beyond his capacity and capability.

With the monumental problems in the rice
industry, which were recognized by Borromeo,
it was foolhardy for him to have initiated the
project without definite and adequate pledges
from our decision makers and without having
coordinating government agencies monitor his
pilot project to give assistance and support and
to institutionalize the project.

Recommendations

There are three oganizational Jevels working
in the agribusiness system. In this context the
foliowing framework is recommended for for-
mulating a working strategy and a method of
implementation for Borromeo. It takes into ac-
couni the involvement of both our decision-
makers and government integrating and co-
ordinating agencies.

Decision-Makers

(1) Determine and outline policy goals and
objectives: {2) to provide government subsidy
in the form of price assurances for grain crops,
availability of chcap inputs like fertilizers.
certified seeds, and insecticides; (b) to make
avaijlable needed financing for production to
farmers on low interest and ecasy payment
terms; (c¢) to encourage formation of coopera-
tives to help farmers secure credit facilities,
acquire equipment, and improve product
marketing: (d) to implement infrastructure pro-
jects by the goveramiend, like rrigation systens
and roads, to stimulate further growth in pro-
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duction: and (e) to pursue the initial gains of
increases in price production output brought
about by land reform.

Integrators-Coordinators (DANR-NGA)

{1} Design a system for information gather-
ing and feedback. (2) Allocate tasks to govern-
ment implementing agencies for their re-
spective participation: (a) NGA — determine
pricing system to include assurances and sup-
port; promulgate policies on all activities
related to processing, storage, transport, and
marketing of grains; develop quality standards;
determine priorities in setting up integrated
facilides by physical location considering
economical utilization of erain processing
capacities and ensuring adequacy of supply at
both ends of the system: encourage organized
interrefationship among producers, warehouse
miiters, financiers, and farrer organizations;
coordinate with other government agencies the
program of extension service and infrastrue-
tural facifities: and encourage the adoption of
proven systems in production processing and
marketing phases to reduce costs and improve
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quality of grains; (b) Central Bank — formu-
late the credit policy and make available the
needed financing for production, storage, pro-
cessing, and marketing aspects; and (c) Bureau
of Public Information — program public an-
nouncements to provide general information
to the public at targe about the rice industry;
provide specific information about develop-
ments in the rice industry for people in the rice
business; and educate the farmers and people
concerned in the different functions of the in-
dustry. (3) Continually seek improvements and
stimulate development of the rice industry.

Initintor

As the initiator in this case, Borromeo has
the burden and responsibility of studying and
analyzing the cnvironmiental factors that will
affect the functional consideration of the inte-
grated rice system he envisions.

From this system he should evolve his strat-
egy that would be manifested in his ideas on
how to compete, recognize opportunities, and
allocate his resources. -—— Jose C. Larus, Uni-
versity of the Philippines at Los Buahios,
Caollege, Laguna, Philippines.
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india

fadia is one of the major rice growing areas
in the world, and rice is consumed by more
than half of its population. The increase in
rough rice production in the last few years is
due mainly to the Green Revolution, the in-
traduction of high-vielding wvarieties, along
with increased manuring, improved irrigation
systems, pesticides, and the help of interna-
tional organizations.

Although our country has many different
languages and regions and the peopie have en-
tirely different living systems and food prac-
tices, paddy is stili cultivated, in all regions, as
it was in the past. However, postharvest opera-
tions vary widely from region to region. The
peopie initially obtained rice by hand pound-
ing, which is very laborious, so they switched
over to processing operations in ChukKkies:
however, when hullers were introduced, these
two processing systems became totally out-
dated. There are indications, however, that
in some of the hilly areas in India, these
systems are still in practice, although the
quantity processed is negligible when com-
pared with the total production.

It is not known how and when parboiling
started in India. Undoubtedly, the parboiling
of paddy was found healthy, apart from eco-
nomic advantages like higher yield from soft
varieties, When there was an acute shortage
of food grains in India during the sixties, a
delegation from the Ford Foundation studied
the problems in the country and indicated
that if existing outdated processing units like
hullers were replaced by suitable modern
equipment, a few hundred thousand tonnes of
extra rice could be obtained and fed to the
hungry population. Hence, Seven imporied
modern rice milling units were installed in
different regions in the country,

Of the roughly 67 (000 processing machines
in India abouwt 60000 are hullers. However,
it has been found that modern rice mills are
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capable of vielding more marketable rice than
hutlers and under-runner disc shellers. The
extra yield obtained by processing raw paddy
by modern mills instead of hutlers and shelters
is 6.6 and 2.5%. respectively. For parboiled
paddy the increase over hullers is 1.6%; over
shellers it is 0.8%.

Parbotling is a method of processing that
combines soaking with heating by external
sources. It helps to strengthen the kernel
(gelatinization of starch) and enables even
weak soft grains to withstand milling without
breakage. In fact, sun-cracked grains bind
themselves remarkably well and mitll like hard
whole grains after they are parboiled. Com-
pared with raw rice, parboiled rice is richer
in vitamin B and has much less cooking loss
if the gruel is drained.

Cold Soaking Method

In this method, the paddy is allowed to
steep in cold water for 2-3 days. At the end
of this period, the scaked paddy is open
steamed, dried, and milled. To reduce the
length of the soaking time the raw paddy can
be steamed prior to steeping in cold water.
Both of these methods are now being adopted
all over the country because of their obvious
advantages of low cost and convenience in
operation.

Hot Soaking Method

During the fifties, the Central Food Tech-
nological Research Institute (CFTRD devel-
opsd a method of hot soaking the paddy at
65-70 °C followed by open steaming. This
method is, however, finding only limited ap-
plication in the country partly because of the
high cost of steam required for heating the
water and, to a great extent, because of the
difficulty of handling this paddy with the hu-
man labour that is used in most of the mills
in the country,

Improved Method of Soaking Paddy

Recent studies conducted at the Paddy Pro-
cessing Research Centre, Tiruvarur, have
shown that during soaking. the paddy passes
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from a resting 1o an active condition. It starts
respiration, goes through changes that are pre-
paratory to germination, and undergoes break-
down changes that result in part of the rice
kernel passing into the surrounding agqueous
mediom. The soaking toss as a result of this
averages 3.0% of the weight of the rice kernel,
and increases with increased soaking time. It
was observed that the unpleasant odour as-
sociated with parboiled paddy, which is caused
by material passing from the kernel into the
liquid medium, could be eliminated if an oxy-
gen donating substance. for example a chro-
mate, dichromate, permanganate, hypochlo-
rite, ferric salt, or peroxide, was included in
the medium. In the presence of such sub-
stances, there was also a 1.4-2.9% increase in
the yield of brown rice (Table 50).

Parboiling in Modem Rice Mills

In the parboiling plants attached to modern
mills, hot soaking is now being adopted to
speed up the operations. But it has been re-
ported that about 60% of the steam produced
by the boilers is required to heat the water
needed for parboiling. Removal of chaff and
immature grains from hot soaked paddy is
difficult; therefore, the resulting milled rice
contains a high percentage of brown and dark
residue from the immature grains, making it
unattractive to consumers. The machinery that
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was installed for the production of parboiled
paddy was not compatible with the capacity
of the mills and the cost of operations were
found to be high. The quality of the parboiled
rice was also not up to the expectation of the
consumer. The chicf advantage of the modern
rice mill is the high quality of its bran, but
the return from it cannot adequately compen-
sate for the extra cost involved. The major
portion of this cost goes towards the drying of
the parboiled paddy.

Rinsing of Soaked Paddy with Brine

The TCMF Laboratory, Tiruvarur, has de-
veloped a method of rinsing the soaked paddy
with brine (specific gravity 1080-1100) that
closes the paddy husk during parboiling and
reduces the absorption of water during steam-
ing. thereby saving on the cost of drying to
the extent of Rs. 4-6/t of paddy. The mill
machinery needs periodic protective coating
against possible corrosion.

Continuous Steaming Method

The Paddy Processing Research Centre,
Tiravarur, in collaboration with the TCMF
engineers, has developed a method of steam-
ing in which the soaked paddy gets uniformly
parboiled while it moves along a slow con-
veyor. The advantage of this method is that
uniformity of parboiling is achieved, which

TaniE 50. Effect of treatment of steep walter on the yield of parboiled rice from paddy.,

Method of steeping
and treatment of

steep water® Percentage

increase in

Variety of Experi- Control yieid over

Name of mill and location paddy mental  (untreated) control

Veeyar Rice Mill, Kuttalam CO-25 8S+C DS 2.8
Veeyar Rice Mill, Kuttalam Ponni SS§+C DS i9
West Rice Mill, Kuttalam Nellore, Samba S$5+C DS 1.7
Appachi Gounder & Co., Somanur ADT-27 SS$+C DS 2.2
Veeyar Rice Mill, Kuttalam IR8 SS+C DS : 2.3
Veeyar Rice Mill, Kuttalam IR5 §Ss4+C 58 29
Buddha Rice Mill, Sulur, Coimbatore ADT-27 DS+ C DS 2.3

*3S = single steaming, i.e. cold sonking of raw paddy followed by steaming: DS = doublc stecaming, i.e. soaking of steamed
paddy followed by steaming; and C = addition of chromate at 0.05-0.1% to stecp water.
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results in a better appearance of the parboiled
rice and an increase in the oil content of the
bran.

Pressure Parboiling

The data collected show that pressure par-
boiling ensures more uniform parboiling than
open steaming. If the paddy is merely wetted
or steamed before pressure parboiling, loss of
kernel material during parboiling ¢an be elimi-
nated. The oil content of the bran obtained
from potlishing the brown rice is about 30%.

Maximizing the Oil Content of Rice Bran

To increase the oil content of paddy, which
is normally 1.2-2.0% by weight, a regular
breeding program has been initiated. Some of
the varieties of paddy were found to contain
vp to 4% the weight of rough rice in oil
(Table 51).

Recent studies undertaken by the Paddy
Processing Research Centre, Tiruvarur, have

TasLe 51. Qil content of some varieties of paddy on
a whole paddy basis (Paddy Processing
Research Centre, M. R. Mills, Tiruvarur).

Variety Oil content (“7)
Cal rose/Bqb {.15
B:b Na HDA .41
B:b HY 275/i 1.79
Black Pusher 1.8
AC-GGE 1.9
SLO-16 20
B:b YPR-§ 299
B:b Assam-3} 21
B:b MORIN-1 22
B-b NGRIN-§i 2.37
B.b TKM 6 245
B:b Assam-34A 2.55
IR20 26
Karuna 2.65
B.bW 94 295
B:b Dawn 3.02
ARC-5902 3.1
B:;b Hamsa : 3.15
B:b Agomimontakag 34
B:b CH-45 4.1
YPR-6 445

337

shown that the oil content of the rice bran
can be increased up to 35% of its weight by
manipt:iating the soaking and parboiling time.
Prolonged soaking followed by steaming was
found to increase the oil content to 25-30%
pressure parboiling increased the oil content of
the bran to about 35%.

Postharvest Care of Rice

Most of the rice-growing area is in the hu-
mid regions. In certain parts, there are in-
cessant rains during the harvest stage. The
respiratory and other attendant changes are
accelerated if the paddy that is harvested dur-
ing humid weather is not attended to im-
mediately, The FCI, the major procuring and
processing agency in this country, realizing
the gravity of the problem, established a series
of mechanical driers at strategic points. In
practice, the drying cost is found to be high
as a result of using oil-fired burners in these
driers. The II'T, Kharagpur, and other insti-
tutions in India are working on the replace-
ment of the oil-fired burners with husk-fired
ones. The FCI has designed and developed
a mobile husk-fired drier to mect the require-
ments of the villagers. This drier has proved
to be suitable for the northern regions of
India.

Preservation of Wet Paddy with Chemicals

The research studies undertaken at the
Paddy Processing Research Centre, Tiruvarur,
have shown the possibilities of arrcsting the
germ activity and other attendant changes that
lead to the loss of dry matter from the paddy
due to increased respiratory activities. In ad-
dition, heating, discoloration, and damage
to paddy are prevented. Of the various
chemicals tried, common salt at a level of
5-6% of the weight of the paddy was found
to confer the necessary protection. The germ
activity was suppressed without afecting the
viability. Dry matter loss, which was fourd
to be up to 12% after 10 days of storage of
untreated paddy at a moisture content of about
23%, was considerably reduced when the
paddy was treated with salt at a 5% level and
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stored after the water was drained. The salt
withdraws the water from the paddy by exos-
mosis, without more than a trace of it enter-
ing the paddy. The rate of reduction of the
moisture content is given in Table 52.

TaBLE 52. Rate of reduction in the moisture content
of the rice kernel as a result of dry salt
treatment.

Percentage moisture content of

kernel
Time (h) ADT-27 IR8
0 (initial) 250 7.0
12 20.9 16.2
24 19.7 16.6
36 19.3 16.0
48 18.5 16.6
60 17.8 15.0
72 169 150
84 15.6 14.5
96 13.6 13.2

Increasing the Qil Content of Bran in Hullers

Generally the bran produced in the hulier
mills contains about 6% oil. Because of this
low level, extraction of oil commerciaily is
found to be unprofitable. To increase the oil-
bearing material in the bran produced in
hullers, work has been initiated at the Paddy
Processing Research Centre, Tiruvarur, that
has resulted in the production of bran con-
taining about 15% oil by modifying the hull-
ing and blowing operations. The paddy is first
shelled using a wide blade clearance on the
hulter. The shelled mixture is passed into a
winnower for separation of the husk and is
then polished. The polished bran gives an oil
content of 15% with a low ash content.

In modern milling, the brown rice is pol-
ished in two or three polishing cones. After
the superficial bran layer is removed from the
rice by the first polishing cone, the sub-
aleourone layer can be removed separately.
After extraction of the oil, the bran has a
whiter colour and can be added to any suit-
able flour material.
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By-Product Utilization

The germ is the most valuable component
of the rice kernel that is removed during mill-
ing; however, it could be recovered in a clean
condition if a completely shelled (brown rice
free from grit and stones) and cleaned rice
was used. This germ gives 35-36% oil and
the extracted material gives 33% high quality
protein. The germ produces a white flour with
a flavour reminiscent of almond, and is a very
good source of vitamin B1.

The extraction of silicate from partially
charred husk is comparatively easy and de-
serves attention because of a growing demand
for silicate in various industries. A completely
ignited white product containing 95% silica
could serve as a base for organic chemical
industries.

Prcharvest Spray of Brine to Hasten
Ripening and Reduce the Moisture Content

Recent studies carried out at the Paddy Pro-
cessing Research Centre have opened up a
new line of approach hastening the ripening
phase of the paddy crop. Spraying brine on
matured paddy even if it is under water stagna-
tion makes the grain uniformly ripe and re-
duces its moisture content. In one trial, apply-
ing brine (specific gravity 1100-1150) resulted
in uniform yellowing of the paddy so that no
green colour remained and the crop could be
harvested in 2-3 days time; however, the un-
treated control took about 10 days to attain
uniform yellowing. An appreciable drop in the
moisture content was also noticed when the
ears were sprayed with brine (Table 53).

Using two sprayers with double boom dis-
charge mechanisms, it is estimated that about
4 ha (10 acres) of paddy crop can be sprayed
by two workers in an 8 h day. The economic
utilization of this new technique is shown in
Table 54.

Conclusions

This is only a portion of the problems solved
and the practices adopted in India. No doubt,
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when compared with the old era of hand
pounding, we have achieved much more than
we imagined possible in a comparatively short
period, but we still must solve the practical
problenis involved in the processing of rice
in a large country like ours, — R. CHANDRASE-
KARAN aND P. PILLAIYAR. Paddy Processing
Research Centre, M. R. Mill, Tiruvarur, §.
India.

TaBLE 533. Moisture drop after 4 days of salt spray
treatment on standing matured paddy
-(variety CO-25),

Treatment Paddy moisture (/)
Control 29.0
Salt solution
(specific gravity 1.100} 14.5
Salt solution
{specific gravity 1.200) 14.5

TaBLE 54, Effect of preharvest spray of brine on paddy (variety IR20, Regional Research Station.

Aduthurai)3.
Harvested Harvested Harvested
Feb. 19, 1973 Feb. 24, 1973 March 9, 1973
Brine Brine
treatment treatment
Control  Feb. 16, 1973 Control  Feb, 24, 1973 Control
Period from sowing (days) 140 140 145 145 158
Period from general
flowering (days) 3t 31 36 36 49
Yield on a wet basis
(kg/acre)b 1704 1603 2004 2011 1743
Moisture content (¢ 23.56 19.13 18.08 1592 11.0
Yield on a dry basis
(kg/acre} 1303 1280 1641 1692 1551

*Date of sowing October 2, 1972; date of planting November 16, 1972; and date of general flowering January 10, {973.

b kg facre = 2.47 kg/ha.

Indonesia

Indonesia, with 120 million people in 1972,
is the fifth largest country in the world. The
archipelago consists of over 3000 islands. The
couniry is predominantly agricultural, with
85% of the total population living in rural
areas.

Because rice is the staple food of the ma-
jority of the people, it is more generally pre-
ferred than any other crop. The soil and
climate are suitable for the growth of rice and
it is grown in all provinces of Indonesia. Rice

is generally cultivated in “sawah” (irrigated
land). Farmers also plant rice in the dry season
if irrigation water is available,

Production

The countr;’s average rice yield is about
11.4 million tonnes per year. While the con-
sumption of rice increases rapidly as a conse-
quence of the population growing at 23%
per annum and the increase of per capita
consumption, the production of rice is not
keeping pace with the increasing consumption.
To meet the local rice demand, the govern-
ment, for the past several years, has resorted
to itmporting rice, which has caused an annual
drain on foreign exchange earnings of about
15%. In the last 13 years, Indonesia has been
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importing rice amounting to over 10% of
domestic production.

Starting in 1963, a promising program was
initiated to induce rice farmers to increase
their production at a profit both to themselves
and the nation. This program is the so-called
BIMAS (Mass Guidance).

The pattern of production is basically tra-
ditional, but it is in the process of changing.
Many areas still use the traditional way of
ploughing. Harvesting is done manually by
hand with a sickle and “ani-ani.” The moisture
content of the paddy is 20-25%. The planting
season in Indonesia varies from province to
province, depending on the rainfall. The
harvesting season also varies. One reason why
harvesting and planting using machinery can-
not be done is the small acreage owned by
individual farmers. New varieties of paddy
have been introduced, and they have to a
certain extent given higher yields to ihe
farmers. In fact, these varieties are considered
to produce good rice and fetch a higher price.

Processing

At present, there are two types of rice pro-
cessing facilities being used in Indonesia,
namely, the traditional method (hand pound-
ing) and the modern method (rice hullers and
rice mills). More than 75% of rice processing
is done by the traditional method. The whole
paddy production of the country is milled and
consumed locally.

A thresher is needed because a lot of the
farmers store paddy on the staik, which must
be threshed before it can be processed. Some
of the hutllers are rubber-roller types and some
are stone disc or steel types. Locally made
hullers are usually stone or steel mills. Small
rice mills and most imported rice mills are
the rubber-roller type.

The distribution of hullers and small rice
mills in the villages has resulted in about a
10% change in the method of processing rice
for family consumption from hand pounding
to milling. This is due fo the increased re-
covery obtained from these machines (rice
huller = 55% and rice mill = 65%). The
huller owners do not purchase paddy because
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they do not have enough financing for pur-
chasing paddy; they just process the rice. The
big mills usually have complete facilities and
services for their operation. The majority of
them are owned by “BULOG/DOLOG” (Na-
tional Logistic Authority). BULOG introduced
the mechanical drier and the success of
BULOG in using the mechanical drier has
led to other commercial rice mills installing
and using them.

Problems

The present rice industry in Indonesia is
moving toward modernization; however, the
actual capacity of the available processing
facilities is lower by about 50% than the po-
tential capacity. The rice hullers only operate
about 175 days in a year, and the rice mills
only operate about 123 days in a year because
of the lack of raw material to be processed.

Indonesian rice farmers are at the subsist-
ence and semisubsistence level. They sell a
low percentage of their rice and the size of
their rice fields is, on the average, 0.5 ha.
Farmers still wse the traditional methods of
processing rice by hand pounding, and usually
use family labour. — SJUHINAR BUSTAMI. Rice
Miil “Sinar Kongsi,” 58 Diponegoro, Padang,
W. Sumatra, Indonesia,

Khmer
Republic

Paddy is one of the main traditional crops
in this agricultural couniry in which about
80% of the population is rural. Paddy has
been grown for a long time, and growing
methods vary with the soil type and the variety
of the paddy. Upland rice is usually directly
seeded in hills, grown without levees and in-
undation, and depends solely on natural rain-
fall. Lowland rice is grown in the whole
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country on sandy, sandy-clay, or silty-clay
soil. There are very early, mid-season, and late
varieties. Floating rice is grown in the flooded
zone of the Mekong, Tonle Sap, and Bassac
Rivers and around the great lakes where the
height of the water sometimes reaches 5 m
when the flood is stfow. Semi-floating rice has
the same characteristics as floating rice except
that it can only support a water level from 80
to [50cm. Dry season rice is grown in the
flooded zone after the water has receded.

In general, almost all the rice varieties
grown in the Khmer Republic are photoperi-
odic. Wet season rice covers almost all the
areas under rice cultivation. Varieties used
are more or less late varieties (direct sowing:
April, May, and June; harvest: December,
January, and February of the following year).
Rainfalt is one of the main factors affecting
paddy production.

Harvesting

Normally harvesting begins in December.
Paddy is harvested when it reaches market
maturity, i.¢. when a third of the panicles are
still green, because this produces a good
quality paddy with a very low percentage of
breakage. Physiological maturity is reserved
for seed production, and in this case the per-
centage of breakage is high. Due to the lack
of labour for harvesting, a lot of the paddy is
harvested at physiological maturity, which is
reached after the second half of January for
late arieties.

Hand cutting, with « sickle, is generally
practiced in the Khmer Republic. In some
transplanting areas, farmers use a kind of
sickle that has the handle curved in the op-
posite direction to the blade. This handle is
used to gather the plants before cutting. In the
direct sowing areas, especially in the province
of Battambang, farmers use ‘a curved sickle
forming a semicircle with a short handle. The
curved handle of the sickle gathers a number
of plants in the left hand for cutting. The
bunch of cut plants is then laid on higher
ground to avoid wetting the panicles. When
a certain amount of plants has been cut, they
are tied together. In some cases the harvester
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only cuts the plants and ancther ecoup ties
the bundles, which are scattered in the fields.
When the farmers finish a plot, they gather
and stack the reaped paddy in one place. This
method of putting the bundles in stacks is
good for maintaining the quality of the paddy
because it reduces the hreakage percentage
during milfing. The bundles are carried by ox-
cart to the threshirg floor, which is prepared
near the farmer’s house or village,

The problem of harvesting paddy is becom-
ing critical because labour force competition
is reducing the amount of available labour.
One can try to solve the labour probiem by
mechanization, but farm equipment is not
manufactured in the country so spare parts are
rare and difficult to find. In addition, fuel and
lubricating oil are expensive. The following
obstacles constitute the stumbling blocks to
mechanization at present: (i) an inadequate
system of irrigation and drainage; (2) local
varietics lodge in the harvesting machines and
cause high losses; and (3) selected varieties
with short straw (IR8 for example) and a short
cycle reach maturity in the rainy period; how-
ever, the sowing date cannot be delayed be-
cause the field would be flooded (rainy season)
and would be impossible to sow.

Threshing

Hand threshing is done by one of two
methods: (1) small burdles are beat by hand
against an inclined wooden threshing table
until ali the grains fall, a team of four men
can normally thresh about 200 kg of paddy
in 1 h; or (2) five or six men trample a smali
stack; however, the yicld obtained is very low.

Animal threshing consists of having from
4 to 8 oxen or buffalo trampie the bundles on
the threshing floor. The yield of the operation
done by four oxen in a 3 k period is six sacks
of paddy, or about 450 kg.

Mechanical threshing is done in the prov-
ince of Battambang where therc is partial
mecharization. The sheaves are lined up on the
threshing floor, and a tractor drives over them.
When the tractor is stopped a few men shake
the sheaves with long sticks. Driving is then
resumed until most of the grains are separated
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trom the panictes. The tractor is stopped again;
the seeaw s removed; and the operation is
completed, Four to five operations can be done
on the same threshing foor. After this opera-
tion the grains of paddy are winnowed.
Muany foot-operated pedal threshers (Japa-
nese tyvpel have been introduced in certain
rice areas. but it is difficult for the small-scale
farmers o obtain many of them at once for
the threshing operation. The capacity of the
pedal thresher is Jow and the price is high.

Winnowing

Winnowing consists of separating the im-
purities from the grain. Farmers do it in three
ways: (I} by the wind; (2) by a blower, and
{3 by a hamd-winnowing machine. For wind
cleaning the grains are tossed into the air, and
the chafl. straw, leaves, empty grains, and
dust are carried away by the wind: whereas,
the heavy grains fall onto the floor. Two or
three operations of this kind are needed to
obtain clean grain. For cleaning with a blower,
the grains are dropped in fromt of a wind
blower that blows away the dust and other
impurities. In the hand-winnowing machine a
draft is created by turning a handle that oper.
ates a fun. Paddy is fed into a hopper and
falls through the draft, which removes the
chafl. The clean grain is collected separately.
One person manipulates the handle of the
fan and adjusts the output of the grain from
the hopper to synchronize it with the force of
the wind. Two people feed the grain and an-
other collects the clean grain and sacks it. The
grain separated by the operation comes out
through two channels; the grain from the
second channel is considered uncleaned and
must go through the operation one more time,
The clean grain is dried and stored.

-

Drying

Drying is done immediately after winnow-
ing. The grains are spread, under the sun, in a
thin fayer on the drying floor or on a mar,
Normally drving takes 1 day. In certain areas
the bundles are dried in the field, and in this
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case, after winnowing, the grain goes directly
to the storehouse.

Storage

There are teo ways of storing grains: {1}
in bags; and (2} in bulk storage. Bag storage
is the most widely used method even in rice
mills with a high potentiul for transformation.
The paddy is put in bags that are piled one on
top of the other. This method facilitates han-
dling, but the cost is high, it takes up a lot of
space, and storage loss from rats can be high.
Farmers use bulk storage of rice for family
consumption. The storage room consists of an
above-ground barn made of concrete, bamboo,
or wood. This method reduces loss from rats.

Milling

Processing methods vary from simple hand
pounding that uses a mortar and pestle to
large scile processing in rice mill plants that
use mechanized equipment and produce
quality milled rice and by-produects,

A mixture of varieties causes problems in
milling because heterogeneous grain increases
the percentage of breakage and reduces the
amount of rice that is milied. Milting is done
cither by small scale dehuskers or, if the guan-
tity is important, in large rice mill planis,

Ia rice plants, the paddy is stored first in
a barn and then sent by elevator 10 a sieve
that separates chaff and impurities from the
grain. This cleaned paddy is transported to a
hopper for discharge to a disc-huller that pro-
duces a mixture of husks, unhusked paddy,
and brown rice. This mixture passes a fan
that blows away the husks. The brown rice
and unhusked paddy are separated on a table
separator: the unhusked paddy returns to the
huller, whereas the brown rice goes to the
whilening cone.

In the first polishing cone some grains are
broken, therefore, a mixture of white milled
rice, large and small brokens, and rice polish
is produced. The rice polish is removed by a
fan and the unpolished grains go to a second
cone. In this cone the rice is polished to the
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desired norm and passes o a second separator
that has three sieves. The frst sieve retains
head: rice and first head, which are sent to a
sieve that adjusts the percentage of head rice
desired. The second sieve collects first head
and the third collects second head. The pro-
cessing of 2 piculs (120 kg) of paddy produces
100 kg of whole grain and heads, 12-13 kg
of rice polish. and 6-7 kg of bran.

Marketing

Rice marketing can be done either by gov-
ernment agencies or hy the private sector.
Twe government agencies are responsible for
collecting and transforming paddy. Coliecting
paddy is under the control of the Ministry of
Commerce and SATRAR: whereas, the service
in charge of supply, transformation, and re-
conditioning is an autonomous enterprise of
the OFFINACO, which is under the Ministry
of Agriculture. The base price of paddy and
the price of rice are fixed by the government.
The private sector is made up of rice mill
owners who perform the marketing operation.
They buy paddy to run their milt and sell rice
and by-products on the spot.

Special Problems and Actual
Developments

To increase rice production, modern tech-
niques are being disseminated by the agri-
cultural service to the farmer. This is done by
either extension work or demonstration plots.
In addition, trials are being carried out by the
agricultural service to find a formula for the
combined use of fertilizers, high-yielding varie-
ties, and crop protecting products.

Postharvest losses have not been solved be-
cause mechanization is not yet commeon.
Losses can be reduced by harvesting at com-
mercial maturity and stacking the bundles im-
mediately afterwards; however, the loss prob-
lems can be solved only if harvesting is
mechanized. There are cases where networks
of irrigation and drainage are set up. A pioneer
project is already being studied by the inter-
national agencies in three zones of the Khmer
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Republic to set up an irrigation system where
the harvest would be done by complete
mechanization and losses would be reduced.
Apart from the Agricultural Service, other
state institutions can help farmers to increase
production: The Nationa! Office of Coopera-
tion {OFFINACO) can supply fertilizers and
insecticides; the Farmer Agricultural Banks
{ Banque agricole paysanne) can give loans to
farmers to enable them to buy fertilizers and
insecticides; and the Department of Com-
munity Development can act as an extension
agent. .

To increase rice production in the Khmer
Republic, many technological inputs need to
be organized. These include irrigation sys-
temis. mechanization, new cultivation tech-
niques, high-yielding varieties of rice, ferti-
lizers, rice processing methods, and pest
controls. -— KoNG SaMoL AND CHHIEU NaM.
Agriculture Department, Phnom Pen, Khmer
Republic.

Laos

The economy of Laos is basically agricul-
tural., Approximately 80% of the population
lives in rural villages and is engaged in sub-
sistence agricuiture. The government of the
Royal Kingdom of Laos (RLG) has undertaken
an extensive program to accelerate agricultural
development so that Laos can move towards
economic s¢lf-sufficiency. To do this, the agri-
cultural sector and rural development have
been given top pricrity in the Laotian de-
velopment program.

Since their settlement in the valley of the
Mekong River, the Laotian people have been
predominantly wet-rice farmers that live in
small villages of anywhere from a few families
to several hundred people. Each family farms
an area just large enough to supply family
needs, With the help of a buffalo, the farmer
uses the few simple implements he has made
for himself to plant, cultivate, and harvest his
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crops by methods his ancestors followed cen-
turies before.

The two major farming methods in Laos,
which have remained relatively unchanged for
centuries, refate to the cultivation of wet rice
in irrigated fields and the cultivation of dry
rice in forest clearings, which are called Rai
in our native language.

The so-called wet rice is grown during the
rainy season in paddy fields of two types: those
utilizing irrigation canals and those where a
system of dikes and terraces is designed to
retain the rainwater. The regular paddy is
planted in May or June and harvested in No-
vember or December. Not enough rice is
grown locally to feed the urban population;
therefore, some rice is imported into Laos,
primarily from neighbouring Thailand.

The time of harvest depends on the type of
rice, but the water in the paddy field has to be
drained first. Harvesting involves the whole
family and sometimes outside help as well.
The rice plants are cut by sickle, tied together
in small bunches, and then kept in the open air
for a few weeks so that the grain moisture
content is reduced.

Threshing is carried out by beating the
plants either against boards or with sticks. No
pedal or mechanical thresher is used at the
present time.

In traditional rice milling, the rice is still
milled in a wooden, foot-pedalled mortar and
pestle device, but as a nation's agriculture de-
velops, agriculture-related industries must also
be developed. Though generally inadequate,
the most important of these industries are the
rice mills.

At this time, 407 rice mills of all sizes have
been identified. The highest number of mills
is found in Vientiane Province, which has 185
mills, the next highest number of mills is in
Savannakhet Province, and the third highest
in Borikane, which has 35. Of the 407 mills,
only six have the capacity to produce an
export-guality product. Most of the mills are
rated 7.45 kW (10 hp) or less and are used pri-
marily for custom mitling of rice for local con-
sumption. As the Agricultural Development
Organization (ADOQ), created 8 years ago, be-
came more invelved in the marketing of rice,
the need for greater milling capacity and

higher quality milling grew.

Throughout the country there are small,
sometimes portable, mills with a daily capacity
of up to 1t that husk and polish the subsist-
ence rice needs of rural villages. However,
most subsistence farmers, distant from urban
centres, still mill their own rice by hand in the
traditional fashion.

Rice millers usually operate their mills for
6—8 months of the year, This is the time span
they consider necessary to earn a reasonable
profit. The quantity of rice milled depends on
the mill size and the milling time per day. As
an average, a mill with a capacity of 25t per
12-h day will require about 625 t of paddy per
month or a yearly average of 3750-5000t of
paddy per year. However, generalization is
dangerous as milling; fluctuate markedly from
year to year in response to unpredictable
swings in supply and demand. Moreover,
market information is unreliable and inade-
quate, therefore, profit margins tend to vary
from one year to the next.

The natural barriers to trade in Laocs are so
immense that without massive investments in
roads and other forms of transportation cer-
tain sections of the country will never be eco-
nomically integrated with the rest of the
country. Without adequate roads within
homogeneous geographical areas, an efficient
rice marketing system cannot be developed.
Given the current security situation, the coun-
try can be readily divided into ten well-defined
marketing zones or marketing areas. A certain
amount of rice normally moves within each
marketing zone. Generally this trading is con-
fined to the exchange between farmers or ex-
change at the local market, which is the case
for the other locally grown agricuitural com-
modities. As individual farmers began to pro-
duce a pgreater quantity of rice, it became
obvious that almost no formal rice marketing
structure existed that was capable of absorb-
ing excess rice from the market. This often left
the ADO as the only marketing agency in the
area,

Traditionally farmers have been conditioned
to the lack of markets and have reacted in
the expected way by not producing more than
a subsistence requirement. The government
found that a totally production-oriented agri-
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cultural program was workable only as long
as there was a marketing structure capable of
absorbing the increased production. The entry
of the ADO into the marketing of rice has pro-
vided farmers with an outlet for their surplus
rice at prices quoted in advance. Compared
to Thailand, the price of milled rice in Laos
is generally higher, which reflects among other
things the difficuity of marketing rice in Laos.

As far as rice storage is concerned, it is
estimated that about 30% of the rice pro-
duction is lost annually in Laos because of
inadequate storage facilities and insect and
rodent damage. It is expected that a great in-
crease in rice production would worsen the
storage problem. Consequently, losses may
increase unless the producers and the ADO
improve their warehousing facilities.

Several major problems encountered in the
agricultural sector, especially the rice pro-
duction sector, from 1969 to the present have
particularly hindered development in Laos:
{1) the security and refugee problem; (2} the
floods in 1969 and 1971; (3) an inadequate
and expensive iransportation and marketing
systern (no price support and stabilization pro-
gram); (4) high middlemen charges; (5) an in-
adequate banking system; and (6) a shortage of
trained perscnnel.

The Royal Laos Government still main-
tains a liberal policy on agricultural products.
The import restrictions for Thai rice entering
Laos are very limited; therefore, no direct
control is operated at the present time to cut
down some of the competition from Thai rice
in the local market.

The new government program orients
farmers towards growing more rice by intro-
ducing new improved rice varieties and better
cultural methods to meet the country’s needs.
To meet these needs, the ADOQO has the follow-
ing goals: (1) distribute the improved seeds to
farmers; (2) encourage farmers to grow quan-
tities of rice in excess of their subsistence
needs; {3) make available new capital inputs
(such as fertilizer, insecticide, tools, and
sprayers) to farmers at low prices; (4) help
farmers to obtain agricultural credit; and (5)
improve the rice marketing system. To pre-
vent postharvest iosses, the ADO is trying to
improve storage facilities.
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The government has taken some measures
to increase rice production by increasing the
irrigated area to 14990 ha in 1970 and io
22 577 ha in 1973, This increase has made a
second dry-season rice cropping possible.
However, no attention has been given to the
techuical approach to be used for future de-
velopment or the improvement of technology
for postharvest operations in the grain in-
dustry. — THAO SOMMAI AND LUANG BaccaM.
Department of Agriculture, Vientiane Prov-
ince, Laos.

Malaysia

The economy of Malaysia is basically agri-
cultural, and rice forms the staple diet of the
people. The climate and soil are suitable for
the growth of rice, which is grown in three
main areas. The first is in the northwestern
coast in the states of Perlis, Kedah, and part of
Perak; the second is in the northeastern part
of West Malaysia, in the states of Kelantan
and Trengganu; and the third is in the south-
central area, in the states of Selangor and
Malacca,

The pattern of production is basically tra-
ditional, but it is now in the process of change.
Many areas still use the traditional way o
ploughing, and harvesting is done manually.
For ploughing, however, the industry is chang-
ing towards mechanization at a very fast rate.
In many areas, tractors and pedestrian power
tiller are being used in the preparation of land.

At one time, Malaysia produced rice on a
single-crop basis, but in view of the need for
self-sufficiency, every encouragement has been
given to double cropping.

Production Aspect

As a result of double cropping, Malaysia is
expected to achieve 90% self-sufficiency by
1975. For the purpose of double cropping the
Muda Agricultural Irrigation Scheme has pro-
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duced about 105 000 ha of land. In addition
to this, the Kemubu, Lemal, and Besut schemes
in the northeastern coast have made about

40 000 ha available for double cropped. Other

- irrigation schemes are in operation in the Tan-

jong Karang — Sabak Bernam area, in the state
of Selangor, and in the Krian district in the
state of Perak. In addition to these big double-
cropping areas there are other states with their

mated acreage of paddy for main-season and
off-season crops as of 1971 was:

Main-season Off-season

Yohore 10900 4650
Kedah 292 370 145 160
Kelantan 169 560 17750
Malacca 29 390 3830
Negeri Sembilan 24 960 10 490
Pahang 45730 5 060
P. Pinang/S. Prai 38690 37 340
Perak 119 040 82 360
Perlis 65 630 27 500
Selangor 50 600 49 210
Irengganu 24 970 10420
Total: 871 840 393 770

The main-season and off-season plantings
vary from state to state. For the state of Kelan-
tan the main-season crop is planted in De-
cember and January, whereas harvesting is
done in March or April. Off-season crops are
planted soon after the harvest of the first
season, i.e. in April or May. In Kedah, the
planting for the main-season crop is in October
or December and the harvest of the main-
season and planting of the off-season crop is
in February and March, Harvesting is still
done by traditional methods despite the fact
that experiments have been made with ma-
chinery. Two reasons why harvesting by ma-
chinery cannot be done are the small fields
owned by individual farmers and the soft scit
conditions.

With the implementation of double crop-
ping in the major rice producing areas, new
varieties of paddy have been introduced. These
varieties are mostly short-term varieties locally
known as Mahsuri, Rai, and Bahgia. These
varieties, to an extent, have given high yields
to the farmers and because they produce a

IDRC-053¢ RICE: POSTHARVEST TECHNOLOGY

better quality rice they fetch a higher price.
Despite the introduction of new varietics for
short-termx crops, many other local varieties,
such as Taupek, are planted by the farmers.
Although these varieties fetch a lower price.
they should be planted when they are better
suited to the land and soil conditions.

Milling Processes

The whole paddy production of the country
is milled and consumed locally. Mills found
in West Malaysia may be grouped into three
main categories: small; medium; and large.

Small Mills

This sort of mill produces rice for home
consumption and is found in most villages, I
either belongs to an individual or to a small
cooperative society in the village. The average
milling capacity is about 3 piculs/h (180 kg/
h). Some of the mills are licensed and others
are not, :

The small mills are the simplest and are
usually powered by a diesel engine that is con-
nected by belts to rotating shafts that move
the major parts, The precleaner has a modern
frame and uses a stone sheller.

Medium Mills

The medium-sized mills are those with a
milling capacity between | and 2 t/h. They are
usually located in the more urban areas and are
owned by individuals or larger cooperative
societies. The majority of the medium-sized
mills provide rice for home consumption and
for commercial sale. The medium-sized mills
sell most of their rice to land schemes and
fow income groups; therefore, they try to
achieve a 70% rice recovery. The quality of
the rice produced by these mills is higher than
that produced by the small mills because of
commercial participation. Usually the me-
dium-sized mills have ample facilities such as
good weighing scales, drying yards, and trans-
portation facilities,

The mode of operation of the medium-sized
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mills, especially those made locally, is almost
the same as that of the small mills (Fig. 234),
The paddy is poured from the sacks into a
hopper. From here it is transferred by an ele-
vator to the paddy cleaner. The cleaned
paddy goes to a sheiler and then to a husk
separator. In the paddy separator the paddy
is extracted from the chelled rice, and is sent
to the polisher. After polishing the rice passes
to & rotary sicve, which usually has a number
sevea sieve for high rice recovery.

In small rice mills there is usually only one
sheller/ huller and one polishing cone; how-
ever, in medium-sized mills a large capacity
polishor, which has a wider diameter and two
or three polishing cones, may be used.

Large Mills

These mills have an average milling capacity
of between 2.5 and 10 t/h, and are generally
owned by companies or by the Nationa! Padi
and Rice Authority (NAPRA). These mills
usually have complete facilities and services
for their operation. There are still many large

miils that are using conventiopal machinery:
however, the mills operated by NAPRA are
mostly using up-to-date machinery. Despite
the usc of conventional machinery, a few of
the large mills have been changing to improved
parts, especially to the rubber-roll sheller from
the oid stone shellers.

Double-cropping means that the second
crop must be harvested in the wet season,
Therefore, the Padi and Rice Marketing Board
{PRMB) under the FAMA! has introduced
mechanical driers that have been so successful
that other commercial mills are now using
them. Aecroglide, Cimbria, and Satake driers
are being used in different parts of the country.

HiBefore September 1971 all matters concern-
ing paddy and its processing were under PRMB.
a board formed under the Federal Agricultural
Marketing Authority (FAMA). Later all PRMB
assets were handed over to the National Padi and
Rice Authority (NAPRA), which was formed to
take over ail the functions for paddy and rice.
The NAPRA, which is 2 semi-govermmental body,
is the main force behind the modernization of the
rice industry,




The Peringat Rice Mill

in (971, & modern milt was built by improv-
ing the Sungai Besar mitl built by the PRMB
in Tanjong Karang. This integrated mill has a
quoted capacity of 4.3 t paddy per hour (Fig.
235) and two mechanical driers with a com-
bined capacity of LSt of paddy per pass per
hour. The mill is situsted on the northeast
coast of west Malaysia in the state of Kelan-
tan, about 13km (8 miles) south of Kota
Bharu at a place named Peringat, and covers
& ha (135 acres), of which about 1.2 ha (3 acres)
are occupied by the mill buildings, godowns,
and office,

The Mechanical Drier

The paddy is sent from the intake hopper
to the precleaner by an elevator, which con-
veys three bags of paddy (4 piculs) per minute.
Empurities, such as straw and immature grains,
are removed in the precleaner and the paddy
is $ent at & continuous rate to the drying cham-
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ber of the Cimbria mechanical drier. During
the 45 min pass through the dryving chamber
the moisture content of the paddy is reduced
te 13-14%. The paddy is then transferred to
tempering bins to be cooled. When the paddy
is ready for milling, it is transferred to another
storage bin in the mill. By having the storage
bins attached to the mill a constant flow of
paddy to the mili is assured.

Attaching a precleaner to the drier is help-
ful because it saves drying space since only
paddy is dried, saves the trouble of frequent
cleaning of the drying chamber, and reduces
fire hazards in the chamber. If no precleaner,
or an inefficient precleaner, is used, the flow
of paddy in the drier may be slow. The pre-
cleaner should have a capacity that is larger
than the intake capacity of the drier.

Rice Mili
The paddy, after being transferred from the

drier into the rice mill bins, is passed on to
the paddy cleaner where the dried clean paddy
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F1G. 235. Flowchart of NAPRA rice mill at Peringat, Kelantan, West Malaysia: (1) paddy bin used to give
constant Aow of paddy to the mill; (2) PC = paddy cleaner to remove impurities, stones, and
metal (if it has a magnetic iron rod); (3) scale No. 1 to weigh net weight of dry paddy before going
to the sheller, scale No. 2 to weigh rice output; (4) RS = rubber sheller (roller); (5) HS = husk

separator; (6) PS = paddy separator; (7) WC = whitening cones 1, 2, and 3; (8) PO =

polishing cone; and (9) § = rotary sieve,
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s recleaned before being sent to the rubber
rafier. The cleaned paddy is weighed immedi-
ately after coming irom the paddy oleaner.
which gives the net weight of the dry clean
paddy before milling. To ensure 2 constant
supply of paddy to the rubber sheller, the
paddy is frst accumulated in a storage bin.
The rubber rolier lasts between 100-120h
before it hias to be replaced.

One of the rubber shellers is reserved for
paddy returned from the paddy separator. The
shetled paddy is then passed to the husk
separator, which leaves only the unshelled
paddy and brown rice to be separated by the
paddy separator. It was found that the husk
separator performance was quite good in the
sease that the grain is free from broken rice
andd splits.

The overall results obtained from the tests
conducted on the rice mill mmachinery at Perin-
gat showed that there was about 13% brokens.
This brokens percentage is less than the 15%
stated in the contract. The whole rice recovery
is about 86% (grain above half-size is con-
sidered as whole graink. As mentioned eatlier
the quoted capacity of the mill is 4.5 ¢/ h. From
the test the rice prodaced per hour recorded
at the automatic weighing scale is 3.8t As-
suming a conversion rate of 65%, the quantity
of paddy milled should be 5.8t However,
as observed at the automatic weighing scale,
the paddy weight was 5.7 t/h. Allowing for
the fact that some of the paddy might have
been stuck in the trunking of the scale, the
cuantity milled is estimated to be a litte fess
than 3.7 t. Therefore, the actual capucity is
more than the quoted capacity, probably be-
cause parts of the machinery installed at the
mill had a larger than normal capacity. The
total recovery of the mill was 77.7% (Table
55).

It should be noted that the mill and the
drier form an integrated complex. Every part
of the drier and the mill is run on the basis of
one motor one machine. The mill and the
drier are operated jointly by using a panel
controf in the control room. The panel, by
means of electric eyes, can show the flow of
paddy and rice at ali points while the machine
is in operation. It should be noted that this
mill is comparatively quite free from dust.
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Tasre 55, Mill returns for the Peringat Rice Mill.
e e ot ot it

Netweight  Percentage

D, 31, 1972 - Jan, 3L, 1973

Paddy milted 27 145,20
Rice produced 18 753,23 67.05
Brokens 47874 1.72
Points $G7 .68 .68
Bran No. | 1 270.20 491
Bran No. 1! 617.12 123
Fotal: 18.06
Paddy husks 2194
Feb. I, 1973 - Feb. 15, 1973
Paddy mulled 15 526.56
Rice produced 10603.12 68.29
Brokens 252,80 1.62
Points 186.44 1,02
Bran No. ¢ 468.64 o
Bran No. 11 528.96 4
Totul: 17.82
Paddy husk 2248
March 3, 1973 - March 7, 1973
Paddy milled 455112
Rice produced 3onst 68,11
Brokens 60.04 .31
Points 19,50 (.86
Bran No. 1 237.84 5.22
Bran No. U} 99.76 219
Total: .7
Paddy husks 2229
Storage Capacity

The storage capacity of this mill is between
60 000 and 70 000 piculs of paddy. The stor-
age availability, multiplied by the amount of
paddy purchased every day, can just accom-
modate one season’s operation at 22 h/day,
leaving the other 2 h for service purposes. The
godown is divided into these main sections;
the large godown is for dry paddy, the godown
adjacent to the drier accommodates wet paddy,
and a rice godown was built adjacent to the
mill.

Marketing System

A discussion of the processing industry
wouid be incomplete without discussing mar-



keting. As the staple food for the people of
Malavsia, rice is a controlled article. At one
tirme a regulation was passed to control the
purchase of paddy as well as rice; that regula-
tion was winder the food control ordinance.
The utgency to ¢oondinate production. pro-
cessing, and marketing led to the formation of
the National Padi and Rice Autharity, This
new orgenization has the powers o control
everything that is concerned with paddy and
rice.

NAPRA was formed to ensure fair prices of
paddy to the farmers. The government has
fixed 2a guaranteed minimum price of
M3 6.6/ picut (100 katis) and NAPRA is o
emsure the guaranteed price. To do this,
NAPRA. with the aid of the government, has
built many drying and milling complexes in
major eice producing areas. So far consider-
able success has been achieved in this field.

Another function of the NAPRA is to en-
sure fair prices to the comsumers. This has
been done through licensing processes. The
wholesalers and the retailers must apply for a
license before they can sefl any rice and there
is a4 limit imposed on their storage capacity.
Figure 236 shows the marketing channels for
rice in Malaysia, and indicates that the paddy
from the farmers is sold to licensed paddy
dealers or purchasers who in twin selt it to
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commercial or NAPRA mills. The ticensed
paddy dealers are usually farmer organizations
ot private commercial mills. The rice is then
sold and swcekpiied or sold directly on the
open market where it is bought by dealers and
distributed to retailers.

Conclusion

We can safely conclude that the rice pro-
cessing industry in Malaysia is at the moment
being influenced by the double-cropping pro-
cess in the country. The new miills are mostly
ownud by NAPRA, and the private com-
mercial mills are in the process of moderniza-
tion and improvement. The rubber roller is
increasing in use and has been replacing the
stone husker. Some private mills have further
tmproved their mills by using the rubber
shetler for return paddy thus reducing the per-
ceatage of brokens. The mechanical dricr has
become o necessity and many private mills
and all NAPRA mills have been installing this
facility. Despite many improvements, how-
ever, very little has been done in the industry
to solve the husk disposal problem. This fuctor
has made the rice processing industry the
centre of dust pollution.

Finally, we should caution oursclves that
whatever improvement is made must reduce
the production or processing cost in all fair-
ness to the consumer, — AHMAD ANNUAR BiN
MoHp, IsratiM, ABDUL RAHMAN BIN MOHD.
DaLii, AND SALIM BIN Aunut HamMip, National
Padi and Rice Board, Tingkat 20-21, Bangu-
nan UMBC, 4 Jalan Sulaiman, Kuala Lumpur,
Mualaysia,

Nepal

Rice is our staple food. Qur economic build-
up can primarily be spoken of as an economy
of rice because 90% of the population is in-
volved in agricuiture. The production of rice.
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followed by efficient processing. can create
further potential for large export. which, in
fact. is a beacon light for our national econo-
my. Therefore, special attention must be paid
to making our products attractive in the inter-
wational market.

The annual production of paddy in Nepal
totals 2 321 600t (1981 ¢/ ha), of which 78%
i produced in the plain of Teral. The esii-
mated milliag loss per year, from hullers that
give about $53% recovery is 464 320t. Our
total export of milled and parboiled rice
ameuttts to 100 000 t/ year.

Harvesting and threshing practices are
primmitive, and have an important bearing on
the amount of milling breakage. The paddy
plant is cut manually by sickle and threshed
either by hand beating, by bullocks moving
around the stack, or by means of pedal
opetated mechanicat threshers. In the major
rice producing areas. the paddy is first bundled
ia the field to facilitate tramsport and then
brought (o the threshing point. but this practice
does not equilibrate the average moisture level
in the bundie. The paddy is then threshed by
means of bullocks moving around the paddy
stack. The process of threshing is time-con-
suming and is at the mercv of the weather. In
good weather. paddy containing fairly uni-
form moisture is obtained: however. in rainy
weather, nothing can be predicted.

Rice milling s a major industry in our
country, More than 700 small 6-9 kW (8-12
hp} hudler-type mills are situated in the phiin
of Teras. which is the major rice producing
area. Their milling vield, on the average. is
hardly 559z, which is nearly 15-20% beciow
the average obtained in most modern rice mills,
and in addition, these hullers vield a high per-
centage of brokens. Therefore, therc is a great
need to improve the quality of the rice. Some
improvement in rice processing can be
achieved by the addition of precleaners and
mechanical sieves at different stages in the
milling process. Unfortunately. rice millers are
not likely to underizke any improvement in
processing as long as they are able to sell their
rice, irrespective of quality, in the Indian mar-
ket. His Majesty’s Government of Nepal is
trying to revolutionize the industry by replac-
ing the old hullers with modern mills that can

meet the requirements of the internatonad
market.

Both raw and parboiled paddy are processed
in Nepal. Long. stender, and aromatic paddy
varieties are milled as raw rice; whereas, in-
ferior and mixed varieties are mostly par-
boiled. The parboiled rice is processed by cold
soaking the paddy in cement tanks for 48-72
i siwaming. and sun drying. song of e
mitlers use improved parbeiling tochuigucs,
therefore, there is 1o control on steaming and
drying. Because this process vields low quality
products, quality control from harvesting to
milling must be put into high gear.

More than 350 varieties of rice arc planted
and harvested year after vear. One variety may
have different names in different places, for
instance, the wvaricty called Aalonuniva in
Jhapa is known as kalanamak in Bhairawa.
If a mixture of different paddy varieties is
milled, the percentage of brokens i increased.
The ability of grain to withstand the conditions
of stress and the abrasive forces experienced
during milling depends on the hardness of the
grain; the harder the grain, the less the break-
age. No milling equipment has been devised
that can produce a high pereentage of milled
rice from a mixture of different varieties. Mix-
ing leads to the undermilling of fine varieiica
and the overmilling of coarse varieties.

It is felt that & healthy foundation for the
rice milling industry includes reducing the
number of varieties of rice. The Agriculture
Department is, therefore, launching extensive
programs in paddy breeding and agriculwiral
extension. Some of the high-vielding varieties
that are recommended by the depariment for
hilly areas are Chainan-2, Kausing-24, Tai-
chung-176, Chainung-242, and Chainan-l,
and for the Terai region IR, BR-34, CH-45,
and Taichung native-1,

Trere is no mechanization of storage in
Ne¢pal, and annual storage losses due to insects,
rats, pests, moulds, and other factors is esti-
mated to exceed 15% of the total paddy crop.
Most of this loss is borne by the farmers at
present.

The Agriculture Marketing Corporation is
the semi-government organization dealing with
rice trading in this country. This corporation
is buying food grains to maintain proper buffer
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stocks i areas where they are needed. These
buffer stocks are maintained in different parts
of the country to facilitate transportation to
remote regions. The corporation is buying par-
boited rice by employing two grades: Masino
for fine and medium varieties, and Mota for
coarse varieties. This grading is based entirely
on an individual basis and no further specifica-
Eeigie (idX DNmen ERld down

The miflers in Nepal buy the paddy by
employing their own grade, which is known
as milter’s grade. According to them, the paddy
i classified into superfive, fine, medium, or
coarse grade. Qur test analysis indicates that
this classification of paddy is based on: variety;
shape: palatability; admixture of foreign
grains; red grains; and transiucence.

According to our study, the first considera-
tion during the collectioa of paddy is the vari-
ety. Most of the fine quality varieties are very
slender. The palatability characteristics (ap-
pesrance, c¢ohesiveness, tenderness, and
aroms) have an important bearing on the
existing quality grading, therefore, aromatic
and slender varieties like Basmati and Kukur-
jali fetch a higher market price. Red and
foreign grains are highly objectionable in the
present grading sysiem. Analysis shows that
coarse varistioe Bha W ooner o= Sithar may
have up to 1005 chalkiness.

All superfine and fine varieties of rice show
a marked degree of translucency: therefore,
it is an important factor in consumer prefer-
ence, The vield of rice is higher for fine and
superfine varieties; however, although the per-
centage of brokens produced from superfine
grades is lower, the number of brokens pro-
duced by fine and medium grains is about the
same. Our study indicates that the present
grading system is based on: variety; general
appearance: aml grain size, colour, and
brokens.

His Majesty’s Government of Nepal has
realized the problem, and the Department of
Food and Agriculture Marketing Services is
working on its effective solution.—T. B.
KArRkl. Ministry of Food, Agriculture, and
Irvigation, Department of Food, Agriculture,
and Marketing Services, Shri Mahal, Kath-
mandu. Nepal.
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Philippines

[ . PUL | Yy e aas . [ Y
EASE Tosh €5t Fractices

Harvesting

Traditional manual harvesting of rice con-
stitutes 22.1%% of the total labour time. It is
usually done by either of three popular in-
struments and methods: (1) a yatab that cuts
the panicles without the leaves; (2) a lingkaw
that is efficient for lodged varieties because it
lifts and twists the stems together and makes
them easier to cut; or (3) a sickle or scythe
that cuts a aumber of stems at the same time,
After the rice stalks are cut, they are bundled,
piled, and left in the rice field for a {ew days
before they are threshed.

Mechanical harvesters are hardly used in
the Philippines because of the high cost of the
machines, fragmentation of the farms, and the
soil conditions.

Threshing

There are at least three methods widely
used in this country, namely: the hampasan,
trampling, and mechanical threshers, Of these
the hampasan and trampling methods, either
by man or animals, are more widely used al-
though mechanical threshers are more popu-
lar in some areas. {n the hampasan system the
panicles are threshed by impact against a slot-
ted board. pavement block, or piece of wood.
The ‘-ampling method utilizes “rubbing
action” for separating the grain from the
panicle. The mechanical method of threshing
vtilizes impact and some stripping action to
separate the grains from the panicle.

Cleaning

The prevaient grain cleaning method is win-
nowing. In this method, the removal of dock-
age such as straw, chafl, weed seeds, and other
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foreign materials is accomplished by utilizing
natural wind or manually operated blowers.
in some instances. mechanical cleaning is in-
tegrated with threshing to fully utilize the
power source. which is usually a $5-7 hp
engine.

Mechanical cleaning is not very popular in
the Philippines. Again, this is due to its high
cost. A less expensive cleaner. which is focaliy
manufactured, is the open double-luyer oscil-
lating sieve. It is directly driven through an
eccentric drive from the main transmission
shaft. The first sieve or perforated plate has
lurge perforations. The overflow of this sieve
ts large impurities. The second sieve has small
perforations. and its overflow is the precleaned
paddy. The smuall impurities are discharged at
the bottom. Other more expensive types of
precleaners. use an aspirator combinad with
the oscillating sieve or perforated rotating
cylinders.

Drying

The most common grain drying method
practiced in the Philippines is sun drying.
Planting is usually timed so that the paddy
will mature after the rainy season to permit
sunt Jrying.

Filipinos are accustomed to sun drying and
possess ample skills in using it to the best
advantage. Grains are spread on a flat dry sur-
face. either on cement pavements or on bam-
hoo mats, and occasionally stirred or raked
so that the grain will dey uniformly. Some
paddy is dried in shocks in the field.

There is, however, a great need for mechan-
icai driers in the country today because of the
introduction of new high-yielding, early ma.
turing, and nonseasonal varieties. At present,
there are no accurate figures on the number
of driers and their capacity, The available
statistics reveal that existing NGA driers and
those leased to the private sector total only 66
units with a drying capacity of 526t/day,
which is very much below the required drying
capacity,

Storing

The prevailing grain storage practice in the

Philippines makes use of warehouses where
the grain is stored in jute or p.astic sacks. This
method leads itself to segregation of different
varieties but offers very little protection against
storage pests. The sacks are susceptible to pest
ard rodent depredation and relatively fast con-
tainer deterioration.

Two systems of piling stocks are utilized.
One iy the conventional stacking in which the
bags are piled side by side and one on top of
the other until the desived pile height is at-
tained. In this system of piling there is no pro-
vision for ventilation space between bags. The
other system, called the Japanese style, pro-
vides ventilation space between bags. This svs-
tem of stacking the bags allows for the circula-
tion of convective air currents that provide a
medium for heat dissipation.

On a commercial scale, but to a lesser ex-
tent, bulk or open storage is practiced in the
Philippines. In this storage practice, the grain
is poured on the floor of the warchouse or
into metal containers called silos. The former
method of open storage is readily susceptible
to attacks by storage pests and the latter stor-
age structure cannot handle different varieties
of grains.

Where the grain production and landhold-
ings of the farmers are smail, the method of
storage uses bamboo mats. The bamboo mats
are rolled into convenient sizes and are used
s temporary or permanent storage receptacles.
Other receptacles such as cans, barrels, boxes,
woven bags, and earthenware are also used
for temporary or permanent storage.

As a result of these antiquated and inade-
quate storage facilities in the country, we
suffer from physical losses and deterioration
of grain.

Milling

The rice milling equipment used in the
Philippines can be classified loosely into: hand
pounding equipment; Engleberg mills; cono
mills; and rubber-roiler mills. The first is still
used in some parts of the Philippines. In this
technique rough rice is dried and hand
pounded in bundles (pongos} without passing
through threshers.

A significant feature of the grain industry
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in the Philippines is the use of a large number
of Eungleberg mills with capacities ranging
from 13 to 50 cavans/day. The rice milling
industry consists of far t0o many of these
units, which are obsolete, peorly organized,
and ineflicient. It is estimated that the Engle-
berg mills process about 40% of the total
annual paddy production. The majority of
ihese Engleberp mills are widely distributed in
rice produciag aad consuming areas, close to
the source of raw materials and in close con-
tact with the farmers. These mills are very
wasteful. The milling recovery is very low
£59% or less) and the value of the by-products
is even lower. However, these mills require
only a small capital outlay and are accessible
in barrios, which justifies their popularity in
the rural areas.

A more efficient under-runner disk huller
rice mill coupled with whitening cones is popu-
larly known in this country as a cono mill and
is popular for commercial miiling because of
its capacity. Close to 3000 cono-type rice mills
are in operation in the Philippines. Generally,
most of these mills are produced locally. The
capacity of these installations rangus from less
than (00 to over 1000 cavans of rough rice per
12 h of operation. The distribution of these
machines is still limited, but its performance
is quite an improvement over the Engleberg
type. Cono mills have a milling recovery of
659 or more by weight at second chass mitling
degree.

The rubber-rolier mill is aleeady distributed
in some parts of the country and has a milling
recovery of over 695 . However, the problems
with this type of mill are: (1) some units were
instatled in areas where the supply of paddy
cannot meet the capacity; and (2) the cost of
imported spar¢ parts is high.

Marketing

Marketing of rice is open to any Filipino
citizen who wishes to engage in the rice busi-
ness. An individual may buy paddy, dry, mill,
and sell the products at government regulated
prices. The government establishes a floor
price for paddy. If the price falls below the
floor price the government, through the Na-
tional Grains Authority, will procure paddy
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directly from the farmers to ensure a safe
return of their investment. It is also a general
risle that the NGA purchases 5-10% of the
production to serve as a buffer stock for lean
months. The ceiling price is designed to pro-
tect the consumers and at the same time give
an incentive to the processors.
Price Stabilization Program

The NGA is geared to stabilize the price of
grain both at the farmer’s level and at the
consumer’s level. The govermment support
price for paddy is 1.00 peso/kg, and the gov-
ernment ceiling price for milled rice is 1.90
peso/kg. The NGA has formulated a program
of activities as follows: (1) massive procure-
ment st the government support price; (2)
distribution of buffer stocks at the regulated
consumer's price; {3) utilization of the quedan
system to facilitate the financing of more pur-
chases and exchanges of grain inventories; and
{4) establishment of a Grains Centre to serve
both as a convenient clearing house for pro-
cessing and distribution of grains and as a
training centre.

Precurement Frogram

Every year there is a tremendous dollar
drain out of the country for the procurement
of foreign rice and corn to fill up produciion
shortages and stabilize the consumer’s price.
It is for this reason that the government has
set up i program to provide govermment funds
for the massive procurement of paddy and
corn al support prices to endourage farmers
to produce more.

The procurement metheds of the NGA are
as follows: (1} direct procurement — NGA per-
sonnel will execute direct procurement opera-
tions; (2) procurement via Facomas and other
Farmer Producers’ Cooperatives — NGA will
implement procurement operations by means
of an agency tie-up with Facomas and other
cooperalives, which can meet some qualifying
requirements with respect to facilities, compe-
tence, and uprightness; (3} procurement
through private  warchousemen-millers —
NGA will appoint private warehousemen-
millers as agents (o whom sufficient procure-
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ment funds wiil be allocated without interest;
and (4) procurement by means of gquedans —
establishment of a quedan system is among
the main programs of the NGA.

Distribution Program

The distribution program requires careful
mloanning fbosmecoon tha Dh:hnn-nps is an afchi"

PN GRaUsL ©

pelago of 7100 islands and there is a lack of
transportation  facilities, This is a major
activity of the NGA that is vital in stabilizing
the consumer’s price for rice, especially during
the lean months, July to September, when
prices traditionally tend to increase beyond the
reach of the great mass of the people. With
these problems at hand, the NGA has set up a
program of both short range and medium
range activities.

Short Range

{1} Plan and implement the dispersal and
distribution program prepared by the Direc-
torate for Grains Economics.

{2) NGA shall move the stocks from un-
loading points to different warehouses in vari-
ous provinces as soon as they are unloaded
from vessels.

¢3) Agency, branch, and regional offices
shall conduct public biddings and/or scaled
canvasses for the purpose of contracting inte-
grated services.

(4) Screening committees shall be formed
to carefully screen retailer-applicants and co-
operatives wishing to retail NGA rice.

(5) [Initiate supervision of the unfoading
and distribution of grains imported by the
private sector.

Medium Range

{1} Study and promote a system of market-
ing utilizing the pattern of barrio councils
{Samahang Nayon) and Area Marketing Co-
operatives.

(2) Coordinate with the procurement divi-
sion on the use of the quedan or warehouse
receipt as a too! for grain distribution.

To ensure the success of the quedan pro-
gram, the NGA has formulated new imple-

menting policies: (1) to promote maximum
participation and cooperation among all sce-
tors involved in the grain industry, more
specifically the financing; (2) to adopt rigid
screening procedures in  licensing  bonded
warehouses; and (3) to institute strict measures
to control and supervise the system.

In additio n to lhe above implementation
policies . 1elos Gan disivd 4 program of
activities: (1) to establish a rigid set of rules
and regulations to govern the quedan system
by April. 1973; (2} to prepare a uniform ac-
counting system and record-keeping system in
bonded warehouses, as prescribed by iaw, by
March, 1973; (3) to furnish bonded ware-
houses with printed quedans in denomina-
tions prescribed by law, by July 1973; (4) to
launch an informatioa drive among all sectors
involved in the grain industry stating the ad-
vantages and benefits of the quedan system
stacting April, 1973; and (5) to encourage the
banking sector to engage in bonded warehous-
ing.

Special Country Problems

The most important problems ehcountered
by the Philippines in relation to rice pro-
duction are related to infrastructure facilities
required by the grain industry for self-suffi-
ciency in food and feed grains.

Of utmost importance is the construction
and maintenance of adequate irrigation facili-
ties as 2 means of increasing the total effective
area devoted to the production of lowland rice.
Of the 3 200 000 ha cultivated in rice, only

about 800 000 ha are irrigated during the rainy
seasont and about 200 000 ha during the dry
season. Considering that high production is
possible only in' irrigated areas, it is under-
standable that an increase in yield can only
be attained where irrigation is sufficient, It can
be assumed that all other modern inputs in
production can be dispensed with and appre-
ciable yields can still be obtained as long as
there is irrigation. On the other hand, applica-
tion of all other important inputs will be use-
less if there is insufficient irrigation.

The second problem is distribution of the
produce from the rice field to the marketing
centres. Out of 35 000 barrios in the Philip-
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pines only 509 are accessible by feeder roads.
This transportation problem results in a very
low selling price in the production areas not
easily accessible by land transportation. This
acts as a disincentive to production in the
rural areas.

What may be considered as a third major
problem is lack of farm machinery suitable to
the iragmented farms, a condition that pre-
vents effective utilization of large and efficient
farm machinery. Most of the small hand
tractors marketed at present still reguire
further improvements to be at par with the
efficiency of dryland machinery.

The fourth problem is a lack of infrastruc-
ture facilities for drying and storage. Sun dry-
ing is still the most common method in prac-
tice, despite its unpredictability, because it is
more economical. Mechanical driers are still
too costly for the average Filipino farmer who
has only 2.5-3 ha of riceland. This condition
results in appreciable losses due to handiing
and storage and in low milling recovery and
quality because of improper drying.

To rectify the adverse effects of these con.
dittons, the Philippine government has em-
barked on a more aggressive program of infra-
structure development. Irrigation systems,
either by gravity or by pumps, are being built
in cooperation with the private sector. Con-
struction of new roads and improvement and
repair of existing ones are pursued continuous-
ly. The manufacture of machinery suitable for
small farms is being encouraged to improve
grain facilities in strategic areas in the country,
Continuous technical training to upgrade the
quality of personnel involved in the grain in-
dustry has been included in the over-all pro-
gram towards seif-sufficiency in food and
feed grains.

A National Grain industries Development
Authority has been created. This move is ex-
pected to promote efficiency in all sectors of
the industry, which will lead towards self-
sufficiency in food and feed grains and even-
tual participation in a grain export trade.

Current Developments

The creation of the National Grains Author-
ity by virtue of Presidential Decree No. 4,

which incorporated into one organization the
functions of the defunct Rice and Corn Ad-
ministration and the former Rice and Corn
Board, is expected to strengthen and safe-
guard the stability of the grain industry in the
Philippines.

Periodic evaluation of grain stocks is con-
ducted to monitor and stabilize the relaticn-
ship between supply and demand as a means of
keeping grain prices above the cost of pro-
duction but within reasonable reach of the
ordinary consumers. Grain facilities are evalu-
ated and monitored to promote better effi-
ciency in grain haondling and processing as
a means of reducing losses in milled grain.
Filipino inventions involving tractors and
other farm implements, rice and corn mills,
and driers and storage facilities adapted to
unique Philippine conditions are being en-
couraged not only to improve both production
and processing of grain products but also to
gencrate more employment in manufacturing
industries,

A study is underway to phase out the in-
efficient machines used for rice miiiing. This
involves development, fabrication, evaluation,
and production of more efficient types of rice
mills for Philippine farms. A program for pro-
gressive conversion of conventional waire-
houses to bulk-storage facilities is contem-
plated, and feasibility studies are in prepara-
tion. A grain exchange scheme to prevent un-
necessary movement of stocks as a means of
ensuring sufficient supply in all areas during
the lean months is being prepared to reduce
losses resulting from transportation.

The present programs of the Nationul
Grains Authority for grain industry develop-
ment are as follows: (1} construction of 45
provincial grain centres, nine regional centres,
and one national centre that will have a com-
plete line of postproduction machinery and
facilities; (2) the construction of 10 conven-
tional warehouses throughout the country; and
(3) the rehabilitation, renovation, and/ or trans-
fer of the existing warehouses instalted in dif-
ferent paris of the country. -—— ERNESTO TUBON
AND Javier Lozapa, Jr. Technical Research
and Services Division, National Grains Au-
thority, Quezon Boulevard Extension, Quezon
City, Philippines.
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Sri Lanka

According to the rainfall. pattern of Sri
Lanka, the cultivation vear can be divided into
two distinct seasons, nameiy,»Maha and Yala.
Cnltivation duting the Maha season takes place
between QOctober and March; whereas, the
Yala cultivation is done between April and Sep-
tember. In Maha 460 000 ha are cultivated and
in Yala 260 000 ha, therefore the yearly hec-
tarage is 720 000. Harvesting of the Maha
crop extends from January to April with a
peak collection in March afd April. Yala
cultivation, which is done only with the help
of supplementary irrigation, is harvested in
July, August, and September. Although the
bulk of the crop is harvestéd in August-
September, there is no congestion in any place
because the crop is not that large. But in the
case of the Maha crop, a very large crop is
obtained and to deal with the peak period of
harvesting, a large storage space is required.
Although the harvesting of paddy is concen-
trated in a very few months, the consumption
of rice remains constant and, a. a result, a
large storage space is necessary to store the
paddy until it is milled and marketed as rice.

The purchasing and milling of paddy in Sri
Lanka is vested in a government organization
known as the Paddy Marketing Board. The
Paddy Marketing Board is the monopoly buyer
of paddy as well as the sole authcrity in the
milling and marketing of rice. There is a vast
organization to execute the Board’s functions,
and in this the cooperative societies and private
millers play a very important role. Paddy of-
fered for sale is purchased by the various pur-
chasing centres operated by the cooperative
societies that act as agents of the Paddy Mar-
keting Board. The stock of paddy thus pur-
chased is kept in their godowns temporarily
before it is delivered io the large stores owned
by the Paddy Marketing Board. From these
stores, quotas of paddy are issued to the Paddy
Marketing Board miils and other private mills,
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which do the milling for the Board on a con-
tract basis. From the private mills, rice is
handed over to rice stores for storage prior to
distribution to consumers.

There are about 4500 paddy purchasing
centres scatiered throughout the country, and
these centres, which are managed by coopera-
tive societies and a few cultivation committees,
perform the important function of purchasing
paddy from the farmers. The Government of
Sri Lanka offers a guaranteed price for paddy,
and this money is paid to the farmers at the
time of acceptance of the paddy. For this pur-
pose the Paddy Marketing Board has arranged
the issue of lcans to all authorized agents from
a State Bank.

Certain conditions have been laid down by
the Paddy Marketing Board for the procure-
ment of paddy, All authorized agents who
operate the paddy purchasing centres grade
the paddy at the time it is purchased from the
farmers. Dry paddy containing 1% or less ex-
traneous matter is purchased according to the
refraction. In areas where paddy is purchased
by volume, a sliding scale of prices operates
on the basis of percentage refraction such as
6,7,8,9,10, 11, and 12%. The highest price
is payable to paddy having a refraction up to
6%. In areas where purchasing by weight is
practiced, the paddy is divided into two groups
according to refraction. Refraction of 1-6%
receives the highest price, whereas the 7-12%
refraction paddy receives a slightly lower price.
Paddy is further graded according to the length
and colour of the rice grain. *Madi” paddy
includes paddy that gets damaged at harvest-
ing as a result of heavy showers etc. Depend-
ing on the grading, varieties are further classi-
fied as unmixed and mixed. Pure or unmixed
with a refraction of 6%, irrespective of the
length of grain (whether long or short) and the
colour of the rice grain (red or white), receives
the highest price of 39 Sri Lanka cents per
pound or US $134/t.

Paddy was purchased in all parts of Sri
Lanka until 1971 by measuring with the
bushel, which is approximately 20kg of
paddy. Purchasing by weight was introduced in
eight districts in the latter part of 1972; in the
remaining 14 districts purchasing by volume
continues. The delay in the introduction of
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the weight system is caused by the difficulty
involved in supplying such a large consignment
of weighing machines and the large expendi-
ture that is involved.

Paddy produced in the couniry is stored in

warchouses in gurny bags and, as a result, a

large number of gunnies are required. The
warchouses have not been constructed scien-
tifically and as a result there is a wastage of
grain. Grain is subject to damage by insects,
rodents, and birds as well as to spoilage due
to leaking roofs and seepage of water through
the floor. Along with the establishment of the
Paddy Marketing Board, due consideration has
been given to this wastage and steps are being
taken to correct the deficiencies. All this time,
stacking has been done according to primitive
practices, which do not provide adequate
ventilation for the grain. Better methods of
stacking are being introduced gradually so that
the employees who are used to very old
methods will not be confused as a result of the
changes.

No dunnage has been provided to any of
the stores, and this results in the spoilage of
gunnies through the scepage of water from
the floor. Storage of these bags for long periods
resulis in the damage of grains as well. As
the gunnies wsed for packing paddy are not
produced locally, importation of gunnies is a
drain on the country’s foreign exchange. In
this context, steps are being taken to provide
wooden dunnage for the paddy stores to pre-
vent this dual wastage. The high cost of supply-
ing wooden dunnage has acted as an impedi-
ment to the provision of dunnage to the af-
fected stores. Efforts are made to use local
material such as cadjans, palmyrah leaves,
and polyethylene sheets until wooden dunnage
is provided.

The current storage capacity is around 16
million bushels, and as a result of the Green
Revolution, the country faces an acute storage
problem. As paddy offered for sale has to be
stored somehow, the Paddy Marketing Board
is using a systern called “open storage” as a
temporary measure during peak periods. This
involves the storage of paddy in open air under
polyethylene covers, which protect the grain
from the weather. Under this system, the bags
of paddy are subject to good ventilation when

IDRC-053e RICE: POSTHARVEST TECHNOLOGY

the polvethylene covers on the sides of the
stacks are removed during favourable weather.

Although the purchasing of dry paddy at
14% moisture is anticipated, this would not
happen at all times of the year. A crop of
paddy that is to be harvested, if exposed to a
series of showers, will not be at the ideal con-
dition at the time of selling. Farmers do not
have driers nor sufficient space to store the
wet paddy and the moisture content will be
very much more than 14% at the time of dis-
posal. This happens very often in the case
of the Yala crop as a result of late sowing
of slow maturing paddy varieties. Even the
Paddy Marketing Board store does not have
any driers to dry paddy.

Milling of paddy is done by about 950 miils,
most of which have a low capacity. The Paddy
Marketing Board owns 19 large mills, which
arc larger than the other milis. The rest of the
mills are privately owned but possess licenses
issued by the Paddy Marketing Board. Some
of the privately owned mills do milling ex-
clusively for the Paddy Marketing Board. In
such cases, paddy is issued to miils for milling
ou a hire basis. The transportation costs of
paddy from the store to the mill and of rice
from the mi'l to the rice store are borne by
the Paddy Marketing Board.

The Padidy Marketing Board has fixed the
quantity of rice required from the various
grades of paddy. The highest outturn of 71%
with 30% brokens and 3% bran removal is
recovered from the grade one paddy that is
issued for raw milling. The outturn fixed for
grade two paddy is 70.5% for raw milling
with the same degree of polish and brokens. In
the case of parboiled rice a 71% outturn with
12% brokcns and 4% bran removal is required
for grade one paddy. For grade two paddy
the outiurn fixed by the Paddy Marketing
Board is 70.5%.

The Paddy Marketing Board owns 19 rice
mills: seven steel huller mills; four disc sheller
mills. and eight rubber roll sheiler mills. There
are only three disc sheller mills owned by pri-
vate millers. Mills that process parboiled rice
possess steel hullers; whereas, mills that do
raw milling usually possess rubber roli sheller
mills. Milling of paddy in Sri Lanka is done
in two ways. Paddy is either milled raw or
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after parboiling. In the latter process paddy is
soaked in water, steamed, and dried in the sun
before milling. There is a consumer preference
for raw milled rice in the southern part of the
couniry, whereas the rest of the country pre-
fers parboiled rice.

Parboiling is a cumbersome process but it
has several advantages. Parboiling is done
either by cold water soaking or hot water
soaking. In the cold water soaking system,
paddy is soaked in water for 3 days in large
soaking tanks and subsequently steamed for
about 30 min. The paddy is dried in the sun
for a few days before it is milled. In the case
of the hot water soaking system, the paddy
is added to a tank of hot water having a tem-
perature of about 70 °C, soaked for 2-3 h,
and steamed for 20—-30 min. The paddy is then
dried in the sun for a few days, before milling.
During cold water soaking, paddy tends to fer-
ment and as a result a disagreeable odour is
usually produced. Although this could be
avoided by changing the water regularly, in
areas where water is scarce the water is hardly
changed, which increases bacteria! fermenta-
tion. As a result of this, the processed par-
boiled rice often has a bad odour. Howeves,
the parboiling process has its use in salvaging
much of the sun-cracked and Madi (or water-
damaged) paddy that would otherwise produce
a very high quantity of brokens.

The heat necessary for producing steam for
the parboiling process is supplied by either
burning firewood or husk. Most of the mills
owned by the Paddy Marketing Board possess
husk burners to produce the necessary heat
for the parboiling process.

The current milling practice in Sri Lanka
is largely centered around the Engleberg-type
steel hullers. These work at a lower efficiency
and require a large power input. A 0.75t/h
mill will need at feast 33 KW (45 hp) to operate,
while a modern mill of 2-t capacity would re-
quire only about 45 kW (60 hp). Most of the
huller milis are locally manufactured and have
a ravenous appetite for imported bearings.
From these steel huler mills poor quality bran
is obtained because of the mixing of husk and
bran. Very often, the recovery of head rice is
low as a result of the large number of brokens.

Although the country’s paddy production
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has increased very rapidly in the past decade,
no corresponding increase has been made in
the storage and milling capacities. If the pro-
duction of paddy is to reach 2 million tonnes
in the future, rapid expansion of the storage
and milling facilities is necessary. The milling
capacity s just sufficient to meet the milling
requirements during most parts of the year.
During the peak period of March-April it is
insufficient mainly due to poor distribution of
the mills. A large number of the large privately
owned mills are located in non-paddy-growing
areas, which prevents the rapid milling of the
existing stocks of paddy because of the need
to transport the paddy from the producing
area.

The Paddy Marketing Board is using bulk
storage of paddy. and already the construction
work for four storage-milling complexes has
begun. Each complex will have a storage
capacity of 90001, and to meet the future
storage requirements more of these complexes
may be erected. Bulk storage of paddy entails
less operational cost, as compared to ware-
house storage. The new mills that are to be
installed in the complexes will be able to give
a higher outturn of good quality rice, —
B. D. E. M. Pereira AnND F. S. Y. SAMUEL.
Paddy Marketing Board, P.O. Box 205,
Colombe 5, Sri Lanka.

Thailand

Harvesting

Riceland in Thailand can be divided into
four main parts: the Central Plain; the South;
the North; and the Northeast, In the Central
Plain, as well as in the North and the North-
east, farmers use similar harvesting techniques.
They use a sickle to cut the rice stems, then
tie the stems into bundles, which will yield
about 10kg of paddy grains each when
promptly threshed. These bundles are nor-
mally lined up in the fields for a few days
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before being moved to the threshing ground,
so as to allow the moisture in the grains to
evaporate a little before threshing.

The harvesting season in Thailand begins
arcund late November or early December.
When freshily harvested, paddy has a moisture
content of approximately 209 . At threshing
time it is preferable to have the moisture con-
tent at about 13-14%. In the Centeal area,
the North, and the Northeast, threshing begins
afmest immediately after hoatvesting and be-
fore storing. However, farmers in the South
employ a different technique. They cut the
rice stem with a half-circle shaped knife that is
tocally called “kae.” By using the knife instead
of the sickle, farmers in the South have to cut
the rice stems one by one. QObviously the sickle
can do a much quicker job, but rice stems
cut with “kae” are more even and are easier
10 store. Therefore, the Scuthern furmers tie
the branched paddy into small bunches and
store it unthreshed.

Threshing

In the North and South, a necessity in the
threshing area is a huge, flat, round container
made of bamboo sticks, which is widely known
as “kra dong.” In the North the paddy bundle
to be threshed is placed securely between two
pieces of wood that serve as a handle. The
bundle is beaten against the “kra dong” so
that the grains will come off the panicles. In
the South, the branched paddy cut with a
knife is too short to be threshed this way.
Thetefore, the Southern farmers place the
bunches of paddy in the “kra dong"” and thresh
them with their feet. In the Central Plain
and in the Northeast, farmers thresh their
paddy on the ground. A dry, hard, and smooth
area is chosen for the purpose. It is carefully
cleared to get rid of cvery piece of sand,
gravel, or stone. The farmers then coat the sur-
face of the area with a mixture of buffalo dung
and mud. This mixture cements the cracks in
the ground and prevents the loss of paddy
grains into these cracks. When the coated area
is dry, the paddy bundles are beat against the
ground. Some farmers let the buffaloes do the
threshing by walking them over the paddy
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bundles. Small pickup trucks and tractors can
also be used in a similar way, However, thresh-
ing with buffaloes, trucks, and tractors usually
results in a greater loss of paddy grains be-
cause of grain cracking and dehusking. There-
fore, threshing by human hands is still prefer-
able to animal or mechanical threshing.

Cleaning

The most popular method is to put the
paddy grains into a big deep container, toss
the grains in the container up into the air.
and let them fall on the prepared ground.
The breeze wili blow dirt and small foreign
particles away from the rice grains. A big
bamboo fan can be used to create air move-
ment.

Another method widely used among farmers
owning large quantities of paddy is cleaning
with a tocally made mechanical wind blower.
The frame is made of teak wood, the blade
is made of plywood, and the rotor as well as
the other important parts are made of cast
iron. An entire unit costs about US$30.

Drying

No special method has ever been used for
drying paddy. Moist paddy is generally left 1o
dry in the sun. In Thailand, where therc is
always strong sunshine during the postharvest
season, farmers usuvally have no problem in
getting the moisture of the paudy down to that
of the air level. Unexpecled rainfull during
this season can bc very dangerous. Paddy
grains that are badly damaged by the rain are
not stored but are sold to rice millers as
quickly as possible because they have betier
equipment and facilities for drying paddy.
Farmers, on the other hand, depend largely
on the sun and the wind.

Storing

Most farmers sell their paddy before they
have to store it. Usually in late September
there is a great demand for new crops because
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the crops of the previous year are running
short. Middiemen travel with small trucks to
the threshing grounds in different arcas and
buy paddy from the farmers right after thresh-
ing and cleaning. Of course there are some
farmvers who have o great deal of paddy and
who ave wellso-do gacugh o build good and
safe storage facilities for their paddy. Am
average stotage bin is made of wood, with a
wooden Hoor raised a2 few feet from the
ground and wooden walls, and has a galvanized
tron roof. The storage capacity of each bin
differs according to the economic status of the
fermer and depeading on the amount of paddy
0 be stored. An average bin can store ap-
proximately 7-t0 kwiens (7=10 t).

Milling

In ezch village there usually is one small
rice mill that mitls only for local consumption.
This kind of milt employs a very simple tech-
nigue of dehusking and polishing using a very
basic grinding stone without sifiers or sepa-
rators, Therefore, the milled rice is rough and
broken. and a karge number of husks are mixed
with the bran. A medium sized mill employs
& much better technigue because the quality
af the milled rice s emphasized, especially
when the rice is sold to rice exporters. There
are as many as twelve milling stones in this
kind of mill for the purpose of dehusking and
polishing alone. Big rice mills are also
equipped with modern devices for sifting and
separating. However, rice mills in Thailand
stifl fa¢k modern equipment and techniques,
None of them is big or modern enough to
acconunodate a bran oil extractor. Bran re-
teased from all the mills is usually sold for
animaf feed or to oil extracting plants. Accord-
ing to a survey made by the Ministry of In-
dustry, at the end of 1972 there were 38 494
rice mills in the kingdom. Only 25 mills have
& dJaily milling capacity of 40t or more; the
rest are smak and substandard.

Marketing

After milling, part of the rice is sold to
wholesalers for distribution in the nearby mar-

kets and a small portion is sold directly to local
consumers. A large portion of the rice is trans-
ported by barges and trucks to metropolitan
areas.

Middlemen play a very important part in
the rice market. There are hoarders who buy
paddy fram farmers in the carly season and
stock it until tate in the season when rice sup-
plies are decreasing and demands in foreign
narkets are increasing. Wholesalers buy rice
from miillers through the brokers. In the early
season they buy a great amount and gradually
distribute this to retailers as well as exporters,
Retilers exist everywhere in the country.
Small shops, big grocery stores, big coopera-
tive stores, or even vendors of miscellaneous
household goods and groceries can be rice
retailers. Brokers also have an important part
in tice marketing, They manage to quickly
acquire the latest information on the current
movements of price, both in the domestic mar-
kets and the world markets, and by advising
mitlers. wholesalers, and exporters they have
their own way of influencing, if not contrelling,
the price of the rice in the domestic market.

The amount of rice exported yearly from
Thailand is about 1.2-1.6 million tonnes, Rice,
therefore, has been and will rentain the great-
est source of income in Thailand.

Rice Breeding

The Thailand rice breeding program had its
inception in 1950, under the late Dr H, H.
Love. It primarily involved selection within
indigenous varieties. In 1960, intensive work
began on breeding for resistance to blast and
in 1966 a formulation of breeding objectives
and a vigorous hybridization program were
begun. During the past 10 years, breeding for
increased resistance to local discases and in-
sects has been emphasized. More recently,
deep water rice, improved grain quality, and
protein have been added to the breeding
objectives.

The breeding program has resulted in the
recent release of three dwarf, high-yielding
varieties; a tall, stiff-strawed disease-resistant *
variety; and a semi-dwarf type capable of with.
standing water depths of as much as 130 cm.
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The breading program has emphasized those
objectives concerned with good grain quality,
disease resistance, responsiveness to fertilizer,
and wide adaption. This has been accelerated
by the addition of grain quality laboratorics
for analysis of physical and chemical char-
acteristies of the breeding lines and detailed
catatoging of indigenous genetic stocks. Pres-
ently, 2t rice experiment stations participate
it yield trials tn addition to their own breeding
work, which provides ample data for rapid
evaluation of new breeding material.

The mutation work has shifted emphasis
from treatment of tall, indigenous types that
showed several defects to promising hybrid
experimental lines that required improvement
in only ome or two major characteristics.
Gamma rays, fast neurons, and chemical muta-
gens are being utilized to obtain the desired
mutation.

Attacks by the tungro virus (known as yei-
low teaf in Thailand) from 1965 to 1966 and
the concept of plant types fostered by the In-
ternationat Rice Research Institute caused a
great change in the breeding program. New
semi-dwarf types were used extensively in
crosses with the tall, photoperiod sensitive,
recommended Thai varieties in an effort to
combine virus resistance and stiff straw with
greater responsiveness to fertilizers.

Development of RD-1, RD-2, i2d RD-3

RD-1 and RD-3 were officially named andl
refeased in 1969, They were selected from the
cross Leuang Tawng < IR8 by the pedigree
method st Bangkhen Rice Experiment near
Bangkok. Leuang Tawng, then the only non-
photoperiod sensitive variety recommended
by the Rice Department, had hard, long, clear
grains, but it was susceptible to lodging and
diseases, such as blast and tungro virus, It was
crossed with IR8 mainly to obtain lines similar
to IR8 in plant type but with the long, slender,
clear grain of Leuang Tawng. RD-1 and RD-3
are photoperiod insensitive, nonglutinous, re-
sistant to tungro, have stiff straw, translucent
grain, and mature in about 120-130 days. In
yield trials conducted extensively throughout
the country they consistently produced yields

IDRC-053¢ RICE: POSTHARVEST TECHNCLOGY

similar to those of IR8 at all levels of soil
fertility,

RD-2 originated from a cross of Gam Pai-
13 X Taichung Native-1 back-crossed to Gam
Pai-15. Gam Pai-15 is a glutinous variety
recommended for northeastern Thailand. The
cross and initial selections were made at IRRI,
but reselection within segregating F, and F,
pedigree lines was made in Thailand and re-
sulted in the identification of RD-2.

The performance of RD-1, RD-2, and RD-3
in yield trials under conditions of reasonably
good soil fertility and water control suggests
that, depending upon the cultural conditions,
they can yield from 15 to 100% more than
the conventional varieties,

Mechanization

Mechanized rice cultivation was initiated by
the Engineering Division of the Rice Depart-
ment 15 years ago. In 1957, the total tractor
population for the cultivation of rice and other
crops in Thailand was only 234, the majority
being government owned. Since the Engineer-
ing Division implementation of the tractor
contractor system in 1957 the purchase and
use of tractors in Thailand has been increasing
at a sigaificant rate. From a total number of
234 wractors in 1957, there are now more than
80 000 units.

Development of the local farm equipment
industry is also progressing at a significant
rate, Besides imported agricultural machinery
and implements, there are several types of
furm machinery and implements that have
been locally developed and produced for dis-
tribution by small workshops and large plants.
This equipment is modified from imporied
materials and then redesigned for suitability
to both the conditions and environment of
cach particular area in Thailand and the pur-
chasing ability of the farmers with low
financial standing.

Locally designed and manufactured farm
machinery and implements are: (1) Different
low-lift propefler pumps, driven by low horse-
power engines and used for paddy field irriga-
tion. The present annual production is 30 000
units. This type of pump was designed by the
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Engineering Division 10 vears ago; (2) Various
sizes of puddiing machines. These machines
are of 7.5-11.2 kW (10~15 hp) and are used
for soil preparation under wet field conditions.
The present annual production is 2000 units;
{3) Hand tractors {lron Buffalo type) driven
by 3.4-6.7 kW (4.5-9 hp) gasoline or diesel
engines used for wet paddy soil preparation.
Approximately 3000 units are manufactured
annually; (4} A rice thresher designed by the
Engineering Division as a mobile trailer unit,
capable of th-eshing at a rate of 700 kg of
cleaned paddy per hour; and {5) A centrifugal
rice mill designed by the Engineering Division.
Because the miitng recovery is from 74 to
80% , pilot milis arc being set up in farmers’
cooperatives so that the farmers will receive
higher returns of milled rice than what they
now receive from local rice mills (45% re-
covery). Local manufacturers are now begin-
ning to produce this new type of rice mill.

The current research and development
activities in the Engineecring Division are
aimed at reducing the cost of rice to the mini-
mum through complete use of machinety in all
steps of rice production from irrigation, culti-
vation, harvesting, to milling.

Current Developments

Since the airplane has become an essential
farm machine, it has made possible many of
the cultural practices now used in the pro-
duction of rice. The Engineering Division is
now implementing a project by grouping to-
gether small farm holders into a single farm
unjt. For complete rice mechanization, heavy
machinery, consisting of bulldozers, graders,
and ditchers, has been bought and is now
being used to implement the first stage of the
project, land consolidation. For aerial seeding
and fertilizing, airplanes from the Ministry of
Agriculture are being used. The Government
of New Zealand has given two Fletchers to this
project. From Australia, a new type of air-
plane koown as the Aritruck has been pur-
chased, and is being used in this project for
making artificial rain during the dry season.

This project is designed to assist the rice
farmers in earning a higher annual income

from rice as well as other crops. Therefore,
this pilot project will be used for the various
research programs designed to: (1) find the
cost of remaking original farmers’ land into
productive irrigable land; (2) arrange crop
diversification programs by the use of modern
farm machinery and equipment, a¢rial seeding,
fertilizing, and crop spraying to bring about
the most efficient use of the land, resulting in
the highest income for the farmers; (3) com-
pare the cost of crop production and the in-
come earned from such a project for the feasi-
bility of expanding this program to other farm-
ing regions of Thailand; and (4) find out
whether such a far-reaching project would be
acceptable to the farmers as compared with
their present method of farming.

This program is solely undertaken on the
Ministry of Agriculture’s own budget. The En-
gineering Division of the Rice Department is
responsible for the implementation of this pilot
project. Work is now being carried out fol-
lowing the various steps laid out and it is ex-
pected that this program will advance suffi-
ciently so that enough facts and data will be
available for the final evaluation, -— CHaAw
SUVANSATIT AND PRAYOON SAWANGSAK, 516/
19 Larnluang Road, Bangkok, Thailand, and
College of Agriculture, Kasetsart University,
Bangkok 9, Thailand, respectively.
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Test Results

These resuits are from drying and milling tests conducted by the participants of a training
course on postharvest technology. Because the conditions during the tests were not controlled
or described, and the tests were not replicated and, therefore, give no measure of experimental
error, the results must be used as presented and cannot be generalized. — D. B. DE Papua.
Department of Agricultural Engineering, College of Agriculture, University of the Philippines
at Los Basos, College, Laguna, Philippines.

TasLe Al. Comparison of field losses (grains/m?) during combining and handcutting of paddy. The
loss per square metre is the amount of grain collected from random meltre-square arcas of
the rice tield after harvesting (April 12, 1973, moisture content = 217, yield = 6300 kg/ha),

Harvest method

Handcutting Combining

Group 1 157 1023

2 : 65 811

3 97 292

4 78 679

3 82 1263
Mean 95.8 1194
Weight of 100 grains (g) 2.55 255
Loss per square metre (g) 245 30.50
Loss per hectare (kg) 24.5 05
Percentage loss 0.39 4.84

Tasie A2. Threshing evaluation using averages of the five class groups (April 11, 1973).

Percentage Head Large Small Moisture

of rice that rice brokens brokens content
Type of threshing is threshed o (%e) Ce) o)
Control 69.5 98.9 0.4 —_ 12.6
Hampasan® 67.1 97.9 1.7 0.3 12.3
Project thresher® 67.6 98.3 1.5 0.2 127
tRR1 thresher” 69.3 97.7 1.5 0.2 12.8
Combine* 67.8 94.2 48 08 179

*The native hampasan, which is hand fed against the bamboo grid.
*The project thresher, which is o drum-type wire loop thresher.
“International Rice Research (nstitute table thresher,

“A Japanese manufactured harvesting and threshing combine,
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Tabek A3, Evaluation of flat-bed grain drying by means of sample milling (April 12, 1973),

Average
grain
Amount  Amount Avetage  temperature
of of Head Large  Small moisture during
paddy tice rice brokens brokens content drying
Sample type (g (2 () X&) () 0 CF)
Sun driedt controls 1. 200 t37.0 93.5 23 20
220 1397 96.5 3.5 s Roont
3200 1308 7.4 0.1 0.8 (339 hoom
200 1338 963 37 — temperatury
5. 200 130.2 97.0 27 0.2
Avg. 200 134.3 96.5 25 0.6
Top of the grain iayer 1. 200 135.1 96.8 L.5 1.7
2, 20¢ 1350 6.7 33 —
30200 1352 96.6 28 = 14,86 91
4. 200 132.7 97.4 26 -
5. 200 133.5 97.6 t.6 0.4
Avg. 200 134.3 v7.2 2.8 0.3
Centre of the grain layer 1. 200 139.0 96.1 09 2.2
2 200 1424 97.3 27 —
3200 133.8 97.2 25 e 1232 Yy
4. 200 1353 91.5 0 0.5
5. 200 135.7 96.5 2.5 1
Avg. 200 137.2 46.6 21 0.7
Bottom of the grain [ayer 1. 200 137.1 96.6 1.2 1.8
2. 200 140.4 97.1 29 —
3. 200 1323 97.1 0.7 2.0 .73 106
4. 200 1324 91.5 2.5 —
5. 200 139.1 96.6 23 L0
Avg. 200 136.4 96.9 L9 i0

TasLe A4, Drying gradient produced in a flat-bed drier for & 45.7-cm (18-inch) bed of grain dried at
43 “C (110 °F) for 2.5 h (April 11, 1973),

Moisture content after

Initial Moisture
moisture content after flat-bed drying (%)
content sun drying
Group ) e) Top Centre Bottom
1 16.73 13.56 15.38 12.54 12.00
2 16.97 13.08 14.76 12,00 11.46
2 15.96 1278 1491 12.00 11.46
4 16.48 14.18 14,44 12.83 12.29
5 i6,78 13.37 14.81 12,21 11.46
Avg. 16.66 13,38 14.86 {232 11.73
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Tants AS. The comparative test results of two conunercial-scale milling operations,

Locally made rice mill with
one dise huller, and two
whitening cones (very old)

Satake rice mil with rubber
rolt huller, two abrasive
and one friction type
whitcner (new)v

Weight of paddy (kg) 1000

Weight of samples. ete. (ki) 6.38
Weight of paddy milled tkg) 993.64
Weight of milled rice {(kg) 670.23
Weight of samples (kg) 10.63
Total weight of milled rice (kg 680.86

Rice mill recovery (€4} 68.52
Weight brewers” rice (kg). (¢ of paddy milled) 6.64, 0.67
Weight coarse bran ¢kg), (¢, of paddy milled) 53.27, 5.36
Weight fine bran (kg), ¢ of paddy milled) 4009, 4.04
Total weight bran (kg), (¢ of paddy milled) 93.36, 9.40
‘Total milling time (min) §5
Capacity of rice mill ¢tkg/hy 701

1000
16.59

9834

689.77
t4.44

704.21
716
6.41, 0.65

0.5, 209
17.32, 1.76

iy

37.82, 385
M
1735

“The rice mill was preperly set for immediate production of semi-milled rice,

Ehe till was not used for more than { yeae. It took about 20 min to adjust the mill, during which time a large quantity of under-
witled rice was produced. which explains the 100 high recovery and too low bran production. The amount of paddy in the wnilled

rige was 1o high.
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Labour
and
Power

Labour and power requirements for rice harvesting and processing operations and the cor-
tesponding capital investtment under Philippine conditions, 1975, Because the values are only
approximations, the data must only be used for general comparisons. More detailed economic
costing is required for specific case studies. — C. L. INTONG, JR. Depurtment of Agricultural
Engineering, College of Agriculture. University of the Philippines at Los Baios, College.
Loguna, Philippines.

Labour Equipment

requirement rated-
Operation or capacity® horsepower Cost
I. Harvesting and Handling
A. Manual
t. Scythe reaping 34 man-h/ha P30600-5000,100()
knivesh
2. Cutting with sickle or knife  60-80 man-h/ha
3. Ethiopian sickle 100120 man-h/ba
4. Hand harvesting with small
knife 240 man-h/ha
5. Cut, transport, and stack 80-160 man-h/ha
6. Bundling 24 man-h/ha
7. Handling 39 man-h/ha
8. Carrying and stacking 25-45 man-h/ha
9. Animal-drawn reaper 0.15-0.25 ha/h
10, Reaper: 2-m cutter bar,
2 horses 0.6ha/h
B. Mechanical
. Windrower (cut and lay on
ground)—1 man 5.4-10 man-h/ha 4-6 hp
2. Tractor and binder 40-60 hp P150 000
(a) Bind {2 men) 4 man-h/ha
{by Check (2 men) 8 man-h/ha
{c) Haul {2 men) 2man-h/ha

(continued)
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Labour and Power (continued)

it

Labour Equipment
requirement rated-
Operation or capacity® horsepower Cost
3. Combine: Japanese, small
fa) Single row-—1.5-m wide
cutter (1 man) 08tk 300010 000
b} Hand thresher (reaper)
€2 roen} Q.19t/h
fe) Regular type
{minfaturized) 0.37t/h P10 90020 00O
4. Combine: USA and
European 4-20 ha/ht 30-200 hp P150 009400 000
@) In the tropics (3-4 men)  3.2-21.5 man-h/ha
(b} In the USA (Z men) 2.2-7.5 man-h/ha
§E. Theeshing
A. Manual
t. Threshing Aal 20=30 man-h; t
2. Beating on bamboo frame  30-60 man-h.1
3. Threshing with hand sticks 36 man-h,t
4. Foot threshing by man 40 man-h;t
5. Pedal thresher 80100 manh t
6. Trampling by ox i12-18 man-h/ha
7. Treading by 2 bullocks 148 Kkg/h
B. Treading: 3 animals and
3 own W0 kg h
H. Mechanical
I, Treading with standaed
tractor 80 man-h/ha 30-80 hp 240 000100 000
{a} 2 threshing Hoors 620 kg/h
(b) 3 threshing floors 960 kg /h
{c) 4 threshing ffoors 1258 kg/h
2. Japanese power thresher 48-197 kgh 4.5~3 hp P3000-10 000
3. National Institute of Agric.
Eng. (England) thresher
{3 men) 512kg/h
4. IRR1 drum thresher 250 kg/h
3. IRRi table thresher 350-400 kg/h
6. IRR1 axial Aow thresher 1000 kg/h Thp
7. IRRI PTO-thresher 200 kg /h
8. Large stationary thresher
{McCormick type) 20-30 t/day
. Cleaning and Transporting
A. Manual
1. Winnowing basket 43 kg/h IPEG 000~-20 GO0 per
1000 baskets
2, Tossing in air 40kg/h
3. Chaff sieve 175~200 kg /b
4. Winnowing sieve plus breeze 900 kg/h
5. Hand fan in field 150 kg/h
&. Hand-driven winnower 200-1700 kg/h $#500-1000

. Carrying and stacking

25-45 man-h/ha

conrinued )
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Labour and Power (continued)

tabour Equipment
requirement rated-
QOperatioa or capacity™ horsepower Cost

§. Cut, transport, and stack §0-160 man-h/ha
2, Loads on shoulders (40 kgy 120 leads/ha

£0. Loads on sledzes (80 kg) 60 loads/ha P100--200
i, Losdsonoxearts{408kgy  12loads/ha B300-300
2. Loads on hand-drawn carts
=bicyele mounted (200 kg) 24 loade/ha £200-300
8. Mechanical
i. Cleaning fan milt £.5-7 man-h/t
2. Electric powered seed
cleaner 600-700 kg/h 0.5-1 hp P3000-5000
3. Electric powered precleaner 2-20t/h -3 hp P10 000-20 000
4. Electric powered aspirator  2-20t/h 2-5hp P30 000-55 000
5. Electric powered belt
conveyor {10 m) 2-20¢/h 1-5hp P5000-10 000
6. Electric powered bucket
conveyor (10 m) 2=20t/h 2-6 hp P10 000-20 000
7. Electric powered screw
conveyor (1) m) 2=-20t/h 39 hp P15 000-30 000
8. Winch crane (1 man) 5-10 t capacity 2-5hp P3000-5000
9. Lift truck (1 man) 2=5 t capacity 30-60 hp P30 000-60 000
0. Grain trucks (2 men) 5=10 t capacity 100-200hp P10 000-200 000
1. Tractor trailer {2 men} 3-T ¢ capacity 50100 hp P50 000=100 000

iV, Drying and Storage
A. Manual {sun/sack)
L. Sun drying on pavement 26.5 man-h/ha
2. Sun drying on floor mats 35 man-h/ha

3. Sack storage
(a) Sacks (50 kg bag) 100 bags/ha P2000-3000/1000 bags
(b) Building protection LS mi/t P750-1000/1t* of

building
B. Mechanical

t. Manually loaded batch-
type drier (21/8 hy 12-18 man-h/capacity  3-6hp P&000-10 000

2. Mechanically loaded batch-
type drier (401/16 h) 6-9 man-h/capacity 10-25 hp P200 000750 000+

3. Columnar-type drier (2t/h)  3-6 man-h/capacity 25-50 hp P400 0001 000 000«
4. Continuous flow drier (2t/hy 3-6 man-h/capacity 30-75hp P500 000-1 500 000¢

5. Bulk storage
{a) Structure (silo and
building) 500-3000 t/silo Cost for 1300-6000 t
silo P15 000-100 000
(b} Aeration equipment 1 or 2 men 10-30 hp P30 000-150 000
(¢) Fumigation requirement
(usually part of aeration) | or 2 men 5-10hp
Y. Milling and Storage
A. Manuai
1. Asian treadie mortar 12-18 kg brown rice to

1015 kg white rice/h
(concluded)
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Labour and Power (concluded).

Labour Equipment
requirement rated.
Opetation or capacity® horsepowet Cost

2. African mortar and pestle 1 kg brown viceto 1 kg
white tice in 4 h

3 Sack storage
{a) Sacks (30kg) 67 sacks/ha P2000-3000/ 1000 bags
¢b) Building t m¥/t P750-1000/1t¢ of
building
8. Mechanical
t. Kiskisan—complete mill 0.15-090t/h 5-20hp P10 000-20 060
2. Conesype mill--complete  0.251t/h 15-140 hp P40 000-250 000
3. Large cone-type mill—
complete 2-10t/h 150-1000 hp P2 000 006-7 500 000
4. Rubber roll mill—complete  0.25-15¢/h 0-500hp  PIS000
5. Bulk storage of brown rice
{a) Structure 4005000
6. Parboiling
{a) Conventiona! 4t/h Rs. 6.74/t (total cost of
mill Rs. 610 0004)
(by Modern dt/h Rs. 4.79/t (total cost of

mill Rs. 740 0004)

%} ba = 1000 m? and yields approximately $ t of paddy.
*F pesos ™ $t (Canadian).

“Leis coveyors and tempering bins,

% rupees ™ $t £Canadian),
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Characteristics

Some Rice Varieties and Their
Basic Characteristics

ADTY-27. 1965. An indica X japonica hybrid
of early maturity and height released by
Madras State of India. Moderately respon-
sive to aitrogen.

Apostol. A tall traditional variety of the Philip-
pines that is sensitive to photoperiod.

Bahagia. [968. A sister selection of IRS re-
leased by West Malaysia. Intermediate in
plant type and maturity.

BAM 3. A selection from a tall traditional
variety. Released by the Orissa State of
India.

Basmati 37¢. 1933, A selection from the Bas.
mati variety ¢! old India. Known for its
aroma and kernel-elongation character, Late
in maturity and low vielding. It commands
a high market price in South Asia and East
Africa.

Bengawan. 1941. Released by the Central Re-
search Institute of Agriculture, Indonesia.
It is a tall variety that is weakly sensitive to
photoperiod and is noted for its good cating
quality,

BPI-76. 1960. An intermediate variety devel-
oped by the Philippines Burcau of Plant
Industry. It is strongly sensitive to photo-
period.

C4-137. 1969. An intermediately tall variety
released by the University of the Philippines
College of Agriculture. It is weakly sensi-
tive to photoperiod.

C4-63. 1967. An int rmediately tall variety
developed by the University of the Philip-
pines College of Agriculture. It is weakly
sensitive to photoperiod and is noted for
its good eating quality.

C4-63G. ca. 1968. A pure line selected from
C4-63 having green basal ieaf-sheath (green
base).
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C0-29. ca. 1960, A hybrid variety of Madras
State (India) having carly maturity and
blast resistance. Moderately tall in stature.

C0-33. ca. 1970. A semidwarf variety of
Madras State (India) originating from IR8
X ADT-27. Also known as Karuma. Early
mattiring and responsive to nitrogen.

Dara. 1960. A tall varicty reieased by the
Central Research Institute of Agriculture,
Indonesta. It is relatively insensitive to
photoperiod.

Dee-geo-woo-gen. A semidwarf variety of
Taiwan. Insensitive to photoperiod. Tai-
chung Native 1, IRB, and many semidwarf
lines were derived from Dee-geo-woo-gen.

GEB-24. ca. i930. A spontaneous mutant
selected from a traditional variety of Madras
State. It has goad grain quality and hecame
the parent of many Indian varieties. 150
day maturity.

Intan. 1940. A tall variety released by the
Central Rescarch Institute of Agriculture,
Indonesia, but is also known in the Philip-
pines, It is weakly sensitive to photopetiod.

IR8. 1966, A semidwarf variety. It is the first
variety named by the International Rice
Research Institute (IRRI). It is relatively
insensitive to photoperiod; outstanding in
nitrogen response. It has poor grain type.

IRS. 1967. Developed at 1RRI. It is intcrme-
diate in height and weakly sensitive to
photoperiod. It has poor grain type.

IR20, 1969, A semidwarf named by IRRI, It
is weakly sensitive to photoperiod.

IR22. 1969, A semidwarf named by IRRI It
is weakly sensitive to photoperiod.

IR6. 1970, The name given to IR6-156-2
before it was named as Mechran 69 in
Pakistan.

iR24. 1971. A semidwarf name by IRRI. It is
relatively insensitive to photoperiod.

Jaya. 1968, A semidwarf variety released by
the All-India Coordinated Rice Improve-
ment Project. It is relatively insensitive to
photaperiod. It has poor grain type.

Jhona 349, 1933, A sclection from Jhona, a
traditional variety of the Punjab arca (India
and Pakistan). It has a higher yielding
ability than other local varieties but is poor
in grain quality.

Karuma. see C0-33.
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Kuttakar. A 130 day traditional variety from
which ADT-27 was isolated. Native to
Madtas State of India

Malinja. 1964, A moderately tall and rela-
tively early maturing (though sensitive to
photoperiod) hybrid developed in Malaysia.

Mashuri. [966. An intermediate variety re-
leased by the Rice Department of Malaysia.
It is relatively insensitive to photoperiod
and is prized for its fine grains.

Mayane Ebos. A tall and late traditional
variety of Malaysia that has very strong
grain dormancy. Sensitive to photoperiod.

Mebran 69, 1970. A semidwarf, long-grain
selection from IR6-156-2 released in Pakis-
tan.

Palman 246. 1939, A selection from Palman,
a traditional variety of the Punjab area
tIndia and Pakistan). It has good-looking
grains but poor cooking quality.

PBS (Peta Baru 3. Indonesian narae for IRS.

PBS (Peta Bare 8). Indonesian name for IRS.

Pebifun. A relatively early, mederately tall,
indica variety of Taiwan. A major variety
grown in the double-cropping arca of West
Malaysia doring 1942-1964,

Pelita. 1971, Released by the Central Research
Institute of Agriculivre, Indonesia. It is
weakly sensitive to photoperiod.

Peta. 1941. A tall variety released by the
Central Research Institute of Agriculture,
Indonesia, but is also grown in the Philip-
pines. It is weakly sensitive to photoperiod,

Ratna. 1970, A semidwarf varicty released by
the Central Rice Rescarch Institute, India.
It is weakly sensitive to photoperiod and is
noted for its high grain quality,

RD-1. 196%. A Thai semidwarf variety. It was
the first hybrid variety named by the Rice
Department (now Rice Division).

RD-3. 1969. A That semidwarf variety. Similar
to RD-1, it is also nonglutinous.

RD-5. 1973. A moderately tall Thai hybrid
variety having a plant type intermediate
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between the tall traditional type and the
semidwarf. Weakly sensitive to photoperiod.

Ramadja. 1954, A 1all variety released by the
Central Research Institute of Agriculture,
Indonesia, It is weakly sensitive to photo-
period.

Ria. 1966. IRS under a Malaysian name.

Rojolele. A tall traditional variety of the bulu
type: purified from a farmer’s variety. It
is relatively insensitive to photoperiod.

Siam 29, A taii traditional variety that is sensi-
tive to photopericd. Both Malaysian and
Thai strains have the same name,

Sigadis. 1954. A tall variety developed by the
Central Research Institute of Agriculture,
Indoncsia. It is relatively insensitive to
photoperiod.

SLO-13. ca. 1950. An intermediately tall strain
selected from a traditional variety. Devel-
oped in Andhra Pradesh, India,

Syntha, 1963. A tall variety developed by the
Central Research Institute of Agriculture,
Indonesia. It is weakly sensitive to photo-
period.

Taichung 65. 1927. A ponlai (japonica)
variety of Taiwan that is well adapted to
double cropping in the subtropics and
tropics.

Taichung Native 1. 1960. The first semidwarf
variety released by the Taiwan Provincial
Department of Agriculture. It is relatively
insensitive to photoperiod.

Tangkai Rota. A traditional variety of Malay-
sia having relatively erect leaves, interme-
diate height and maturity. A parent of IRS.

Tieremas, ca. 1940, A tall variety developed
in Indonesia that has the saume parcnts as
Peta. It is also grown in the Philippines. It
is weakly sensitive to photoperiod.

TKM-6. ca. 1950. A relatively early and tall
hybrid derived from GEB-24 X CO-18. It
has slender grains and moderate resistance
to stemborers. Developed in Madras State,
India.



Characteristics

Characteristics of present Philippine Seedboard recommended lowland ri

C463G

C4-137

ce varieties

BP1-76(NS) RS IRS 1R20 FK-178A IR22
Plant
Maturity {days) 125-135 125-135 130-140 125-135 140-150 120130 120-150 115-130
Photoperiod reaction nonsensitive  ponsensitive  nonsensitive  nonsensitive  nonsensitive  weakly sensitive weakly
e eitive sensitive
Height mediurn medium medium short medium short tall short
Lodging moderately resistant resistant highiy resistant moderately moderately fesistant
resistant resistant fesistant resistant
Tillering ability medium high medium high medium high high high high medium tow  high
Pasition of leaves at harvest  slightly semierect semierect erect semierect erect drooping erect
drooping
Blast disease moderately moderatefy moderately resistant intermediate  resistant resistant resistant
resistant resistant resistant
Bacterial leaf blight intermediate  intermediate  moderately intermediate  intermediate  intermediste  moderately moderately
susceptible resistant resistant
Tungro virus intermediate  resistant resistant susceptible intermediate  resistant intermiediate  susceptible
Errain
Threshing characteristic medium easy easy casy casy medium medium medium
Head rice recovery intermediate  high high high low high high high
Grain dormancy {weeks) 4 4 4 3 4 4 - 3
Grain type medium, bold fong,slender  fong,slender  long, bold long, bold medium, bold  long, bold long, slender
Amylose content intermediate  intermediate  high high high high e high
Gelatinization temperature intermediate  intermediate  intermediate  fow intermediate  intermediate o low
Eating quality very good excellent very good fair good good very good goad
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Characteristics fIR24 BP1 121-407 Cl2 BPI 3-2 PARC 2 C168 IR26 IR29
Plant
Maturity (days) 125-130 125-130 125-135 125-129 123-128 126-131 116-125 115
Photoperiod reaction nonsensitive  nonsensitive  nonsensitive  nonsensitive  nonsensitive  nonsensitive  nonsensitive  nonsensitive
Height short short medium medium short medium short short
Lodging resistant resistant moderately resistant resistant resistant resistant moderately
resistant resistant
Tillering ability high high medium high medium high medium high medium high medium high  hizh
Position of leaves at harvest erect erect slightly drooping grect erect erect —
drooping
Blast disease resistant moderately moderately intermediate  intermnediately  intermediately - resistant %
resistant resistant resistant resistant o
Bacterial leaf blight intermediate  moderately intermediate  intermediately intermediately intermediately intermediately resistant %
resistant resistant susceptible susceptible susceptible )
Tungro virus intermediate  intermediate resistant P
Grain
Threshing characteristic medium medium medium medium — medium medium -
Head rice recovery high high high high intermediate  high high high
Grain dormancy (weeks) 4 4 4 4 - 4 4 4
Grzin type long, slender  long,slender  long. bold moedium, - long, slender - medium,
slender slender
Amylose content low intermediate  intermediate  intermediate  intermediately intermediate  low -
high
Gelatinization temperature — — intermediate — — — e low
Eating quality very good very good very good very good — very good good —
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Equilibrium meisture content of rough rice

The hygroscopic equilibrium moisture content of rough rice at various temperatures and moisture contents. These values can be superimposed ot s psychrometric
chart to show the approximate variation of the equilibrium moisture content of the grain corresponding to the specific temperature and refative humidity of
the atmosphere (from Huston 1972).¢

Equilibrium relative humidity (V) at the following temperatures, °F

€
&
FEROHSUTe

fwhj 35 40 45 30 55 60 65 70 75 B0 8BS 90 95 100 105 H10 115 B200 125 130 135 140 (45 150
| ot 01 0%t 02 03 03 04 05 07 08 LU L3 17 20 25 31 38 46 5.6 68 82 98 {7 14O
2 03 04 05 06 07 09 11 3 16 19 23 28 33 40 47 56 66 77 90 105 122 142 164 189
3 09 1 13 15 18 21 25 29 34 39 45 53 61 70 80 92 1064 119 135 153 172 194 2149 245
4 21 25 28 33 37 43 48 55 62 10 79 89 100 112 125 13y 155 17.2 190 210 232 255 28.0 307
5 44 50 55 62 69 77 85 94 104 115 126 139 152 166 182 19§ 206 234 254 275 298 321 Mae 372
6 81 88 97 106 115 125 13.6 148 160 1723 186 201 206 232 249 266 285 34 324 346 368 301 J.5 340
7 132 142 153 164 175 187 200 203 227 242 257 27.2 288 305 322 340 359 37R B 419 440 46,1 484 507
8 198 210 222 235 248 261 275 289 304 319 334 350 366 383 400 418 415 454 472 49.0 510 83 551 57
9 276 288 301 305 328 342 356 37.F 3835 400 415 431 446 462 478 494 511 528 545 5602 579 596 6L4 632
0 360 373 386 400 413 426 44.0 454 a6.8 48.2 496 510 524 5319 553 SAR 583 508 612 627 642 058 67.3 6EE
1t 447 460 472 485 497 St0 522 515 548 560 573 586 598 61% 624 637 649 662 67.5 o688 T0O0 TE3 726 738
12 532 544 555 566 577 589 606 611 622 633 644 655 666 677 688 698 709 720 734 M4 752 162 75 TR
13 61.2 622 631 641 651 660 67.0 680 689 698 708 7.7 726 735 744 753 762 770 779 188 9.7 UL KLY 822
14 683 691 700 708 716 724 732 740 748 756 761 T 7IR 186 793 800 80,7 8l4 821 828 B85 k42 84U B5S
I5 745 752 759 766 772 7719 786 792 798 804 811 BL7T 8231 829 814 H40 B4AG RS RBST7 86,2 368 K1) 8T8 B2
t6 798 804 809 81.5 820 825 830 835 840 845 850 855 86,0 Re4 B69 £7.3 R7.R BR2 RE&O6 KU1 BY.S 8LY 003 407
17 RB4.2 847 851 855 85.9 863 86.7 87.1 87.5 879 883 887 890 8§94 897 4901 904 908 911 914 91,7 920 923 927
I8 478 B8.2 885 888 801 894 898 G501 904 906 909 912 915 918 920 923 926 928 931 913 915 9IRB w0 4¥iz2
% 907 910 9L.2 9515 91,7 919 922 924 926 928 931 933 9315 937 939 9471 943 945 wdo6 948 950 952 954 55
0 930 93.2 933 935 937 939 941 942 944 946 957 949 950 952 953 955 956 058 959 960 Y62 U613 Y6 YAO
2t 947 949 950 952 953 954 955 957 958 959 960 961 963 964 9635 Y66 967 968 969 970 971 912 V13 974
7 961 962 963 964 96.5 966 967 948 909 970 970 970 972 973 974 974 975 916 977 977 978 919 9L UKD
23 971 97.2 973 974 974 97.5 976 976 97.7 917 978 979 979 980 980 us1 982 Y82 983 UR1 984 UR4 YRS URS
23 979 980 980 981 981 982 982 953 983 984 984 984 9RS5 985 986 9R6 986 9YRBT 9URT 98T YRR YRBE 989 989
3% 985 985 986 986 986 987 987 957 988 Y88 988 99 989 YRY 990 990 990 990 991 991 G4 99| 992 0y

“Courtesy of Wratien and Kendrick (1970), Extrapolited data by Hogan and Karon (19555, and Karon and Adams (19495 Equation by Strobman ¢

dats bovond the range of 77 to FH°F has not been verified experimentaits.

g Yoeger (1967). Aceuraey of extrapolase
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APPENDIX kyi
Physical characteristics of the rice grain®
Bulk density 576 kp/m® Dielectric constant
(36 /o) (frequency, 10-40 me/s)
Ade velocity for conveying seed 15-28 m/s 104, moisture 38
(30005000 fpm)” 164 moisture 8
Voids, ait space 484 195, moisture 4.3
Keenetf specific gravity L1 Specitic heat
Angle of tepose 36 degrees 15¢% moisture 0.42 g-cal/g-deg C
Coetlicient of friction (0.42 BTU/Ib-deg F)
Smooth steel a4 224 moisture 0.52 g-cal/g-deg C
Finished concrete Q.52 (0.52 BTU/Ib-deg F)
Smooth wood 042

“Taken in pacc from Halt 1957,
"Saliabury 1950
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