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ABSTRACT

The major challenge in Nigerian rice industry is poor processing which allows contaminants such
as stone pebbles to be introduced during harvesting and post-harvest handling. Despite the
several efforts of various researchers in Nigeria, no commercial rice de-stoning machine is
available because the machines have not been optimized and tested for various machine
parameters. This review showed the highlights, prospects, performance evaluations, and
limitations of some rice de-stoning machines, de-stoning machine modified, and motorized rice de-
stoning machine. Their unique advantages and operational parameters, for example, de-stoning
efficiency, capacity, and operating speed were assessed. The de-stoning efficiency, capacity, and
operating speed ranged from 40.8 - 99.75%, 1.8 — 7500 kg/h, and 200 — 2980 rpm respectively.
Mechanization of the de-stoning process will ensure the quality and hygiene of products, thus
increasing the commercial value of the final exported or consumed products.
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1. INTRODUCTION

The utmost common cereal crops of the world
include wheat, barley, oats, rice, maize, sorghum
and millets, but in developing countries, the
major cereal crops are rice, maize, sorghum and
millets [1]. "Reference [2]" reported that rice
production and consumption has been on a
significant increase due to its adaptability in
various traditional food recipe, bread and
alcoholic drinks. Hence, rice is a universal food
grown and eaten in all part of the world. The rate
of rice consumption differs in countries and
continents [3]. Rice, which is primarily grown for
human consumption, has been imported into
West Africa by more than 40 percent (2.75
million per year) [4]. However, over 90 percent of
global rice production, particularly in Asia, comes
from tropical and semi-tropical arid climates. An
estimated 120 million Nigerians rely on rice as a
primary food where it is eaten in various forms
throughout the localities and most commonly as
boiled grains [5]. Likewise, Nigeria is the major
manufacturer of rice in West Africa, with an
annual production of 3.2 million tons of paddy
rice culminating in approximately 2 million tons of
refined rice. In Nigeria, rice consumption has
risen to more than 10 per cent per vyear,
triggering shifts in consumer preferences [6].
Nonetheless, development is mostly carried out
by small-scale farmers farming on an estimate of
1 to 2 hectares of land whereby production per
hectare is comparatively low due to numerous
factors including weak production systems, lack
of proper training, older farming population, low
level of competition between indigenous and
imported rice, etc. [7].

The importance of rice as a staple food in Nigeria
has risen dramatically in the last four decades.
Today rice is made and sold in the streets of all
the country's cities and villages and for many
families; it's a regular item on the menu. Hence,
any research on the improvement of the locally
produced rice is not misdirected [8]. Nigeria
therefore has huge likely to rise her domestic rice
production and marketing with the high hopes of
becoming a self-sufficient rice producer as this
will equally impact positively on the nation’s
economy by affecting all the stakeholders and

key players (Paddy farmers, rice millers,
processors, ftraders, citizens, transporters,
government and exporters). The key problem in
the Nigerian rice industry, however, is

inadequate processing that allows for the
introduction of pollutants such as stone pebbles,
sticks and chaff during harvesting and post-
harvest processing [5,9].

To avert this development, farmers were trained
on how to handle paddy rice right from the field
but not accomplished due to the nature of the
field where this rice is grown 100% free-stone-
rice. The pneumatic winnowers used for cleaning
the threshed paddy only could extract light
impurities and rough textured sand but do not
extract rice-like sand texture. The method of wet
cleaning (submersion of rice into water) practiced
by some small-scale rice processing industries
also separates only light impurities (unfilled or
partially field grains) and very dense impurities
since separation is accomplished by difference in
the basic gravity of paddy and impuirities.
Nevertheless, impurities which remain and
parboiled (in the case of parboiled rice) are of the
same size and density as the paddy. Upon
milling, these stones escaped with the milled rice
making the rice produced locally unacceptable to
Nigerians. Nigeria's demand for foreign rice had
been due to the prevalence of pollutants once
produced locally [5].

Rice de-stoning requires extracting stones
combined with milled rice. Agricultural products
can be isolated using either one or the
combination of the following methods: sampling,
fluidization, pneumatics and floatation. Previously
there have been work attempts to solve this
problem with varying rates of success. The
production and adoption of locally produced rice
de-stoning machines for farmers' use will
enhance the quality of locally produced rice that
will go a long way in creating employment for the
teaming of young graduates as well as creating
wealth for the country.

1.1 Rice Grain
Compositions

Structure and

Rice grain (rough rice or paddy) comprises of an
external hull defensive and rice caryopsis or fruit
(brown, container, dehulled or dehusked rice)
[10]. Brown rice comprises of the pericarp, seed-
coat, and nucellus outer layers; the germ or
embryo; and endosperm. The endosperm
consisting of the normal aleurone layer and
endosperm, which is the subaleurone layer and
the starchy or inner endosperm [11].

Embryo is surrounded by the aleurone coat. The
pericarp is limited to pigment (Juliano and
Bechtel, 1985). The hull (husk) is around 20 per
cent of the weight of rough rice, but values vary
from 16 per cent to 28 per cent. Brown rice
weight distribution is 1 to 2 per cent pericarp,
aleurone plus nucellus and seed-coat 4 to 6 per
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cent, germ 1 per cent, scutellum 2 per cent, and
endosperm 90 to 91 per cent [12]. The aleurone
layer ranges from one to five layers of cells; on
the dorsal side it is thicker than on the ventral
side, and in short grain it is thicker than in long
grain rice.

The aleurone and embryo cells are abundant in
protein bodies, including globoids or phytate
bodies, and lipid bodies [13,14]. The endosperm
cells are thin-walled and lined with amyloplasty
granules comprising starch compounds. The two
outermost layers of cells (the subaleurone layer)
are rich in protein and lipid and have smaller
amyloplasts and starch granules compound than
the inner endosperm. The starch granules are
polyhedral and have a scale of generally 3 to 9
pm, with unimodal distribution.

Protein exists predominantly in endosperm in the
form of spherical protein bodies 0.5 to 4 um
throughout size [15], although crystalline protein
bodies and small spherical protein bodies are
found throughout the subaleuron layer. Non-
waxy rice (containing amylose besides
amylopectin) has a translucent endosperm, while
waxy rice (0 to 2 percent amylose) has an
opaque endosperm due to the presence of pores
between and within the starch granules. Thus,
waxy grain has the grain weight of non-waxy
grain between 95 to 98 per cent.

1.2 Economic Importance of Rice

Rice has shaped the culture, diets and economic
of thousands of millions of peoples. For over half
of mankind "rice is life" The significance of rice
is:

Rice is an important staple food crop for over 60
per cent of people around the world. According to
USDA, over 430 million metric tons of rice were
eaten worldwide in 2008.

i. Things ready to eat are produced iii, e.g.
popped and puffed rice, instant or rice
flakes, canned rice and fermented produce.

ii. Rice husk is used as feed for animals, for
paper making and as a source of fuel.

iii. Rice bran is used in feed for cattle and
poultry, defatted bran, which is high in
protein, can be used in biscuit preparation
and as feed for cattle.

Rice bran oil is used in soap industry. Refined oil
can be used as a cooling medium like cotton
seed oil/ corn oil. Rice bran wax, a byproduct of
rice bran oil is used in industries [9].

1.3 Techniques for Rice

Processing

Paddy

1.3.1 Traditional technique for rice paddy
processing

Traditional methods of processing rice paddy
include soaking the paddy in water for 2 to 3
days to soften the kernel, followed by steaming
the soaked paddy for 5-10 minutes and drying in
the sun, followed by pounding the dried paddy
into a mortar and pestle tool. However, the
conventional rice processing technique is simple
but repetitive, it has very low performance and
results in rice kernel breakages and unfinished
husk removal. More so, because the fat in the
bran generates rancidity it has a limited storage
life [16].

1.3.2 Modern techniques for
processing

rice paddy

The processing of rice in Nigeria has increased
relative to the 1990's. In modern techniques, the
rough rice or paddy is first washed to eliminate
contaminants, and the husks are then separated
by the so-called shellers; these are most usually
horizontally spaced rotating abrasive stones, but
rubber roll or rubber belt shaped shellers are
increasingly being used. Rice and hulls are
removed by aspiration, and any remaining paddy
with rice is removed in a separator for padding.
Nigerian rice's biggest issue is the presence of
stone in rice grains, it is discovered. The survey
investigated shows that de-stoner was produced
locally, made in Nigeria. The drying process is
another development of the rice processing in
Nigeria. The conventional drying of the sun was
replaced by mechanical dryer or improved form
of sun drying. This form of dryer can process
approximately 3000 kg and in 6hrs remove 50
percent rice moisture. Other dryers have been
developed as well as this mechanical dryer which
uses diesel or electricity, such as solar dryer for
drying rice paddy. This development is the result
of an incessant power outage throughout the
region. This form of solar dryer is fitted with a
ventilator to increase the distribution of hot air
over the rice paddy [6].

2. SOME RICE PROCESSING
ENGINEERING PROPERTIES

The growing economic value of food materials
and the sophistication of modern technology for
their manufacturing, handling, storage,
preservation, quality evaluation, distribution and
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marketing and use need detailed knowledge on
the physical properties of these materials. Scale,
distance, surface area, a thousand grain weights,
density, porosity, resting angle, friction coefficient
are of prime importance for this reason. These
properties affect rice processing design and
evaluation namely drying, husking, whitening and
polishing, and grading machines, storage and
grain  moving equipment. For instance,
knowledge of the paddy friction coefficient on the
wall of the equipment and on the surfaces of the
silo wall is necessary and fundamental for a
rational and safe design of grain-moving handling
equipment, processing and storage [17-20]. To
design conveying equipment, knowledge of the
friction coefficients of grain is necessary. For
example, friction between an unconsolidated
material and a conveyor belt affects the
maximum angle with the horizontal that can be
assumed by the conveyor when conveying the
solid. Husking features of paddy depend on its
shape and size [21]. Some of the rice's physical
characteristics such as grain thickness have a
significant influence on the volume expansion
ratio of the cooked rice, followed by degree of
milling and then the grain's apparent amylase
content [22]. Knowledge of the physical
properties of paddy grain is important for
modeling dynamic abrasion in a rice milling
process and for the design of suitable polishing
systems in order to obtain better quality-milled
rice [23]. Awareness of physical properties such
as dimensional characteristics and the
determination by image processing techniques of
milled rice quality parameters will enable daily
monitoring of the milling activity in an objective
manner and thus allow the operator to respond
quickly to changes in material properties within a
few minutes [24].

Frictional and gravitational properties of grain
can be used for analysis of the efficiency of
harvesting operations. Based on the research
conducted by [25], grain bulk density and rest
angle are related to separator efficiency, while
grain harvesting enhances the separator power,
while raising the grain angle of repose has the
opposite result. Information pertaining to porosity
and basic gravity is known to be of utmost
importance for studies involving heat and mass
transfer and air movement through the bulk grain
among certain physical characteristics of the
agricultural products. In addition, along with
moisture content, length, specific gravity, and
porosity are the basic criteria for studying the
drying and storage of agricultural products and
for predicting the material's quality loss before its

time for marketing [26]. One may describe the
real gravity as the ratio between a body's mass
and its volume. This definition applied to the
individual grain which determines the actual
specific gravity of each grain. Once applied to
bulk grain this definition defines the bulk density.
Porosity is described as the ratio of the volume of
the intergranular void space and the volume of
the bulk grain. Using an air comparison
picnometer, the porosity can be measured by the
direct method by calculating the added liquid to
satisfy the void space of bulk grain or by the
indirect method [18].

Through the years, many scholars emphasized
the need for knowledge of certain physical
properties. External friction coefficients, such as
grains on the wall of the equipment and on the
surfaces of the silo wall, are important and
fundamental for a fair and secure design of grain-
moving equipment, processing and storage. This
property plays a significant role in the conduct of
silo wall pressure and grain flow. The coefficient
of friction is described as the ratio between both
the force of friction (force due to motion
resistance) and the normal force on the surface
of the material used for the wall [17-20]. For
biological products, two types of friction
coefficients are considered according to
Mohsenin [19], the static coefficient determined
by the force capable of initiating the movement
and the dynamic coefficient determined by the
force required to sustain the movement of the
grains in contact with the surface of the wall
depending on the form and existence of the
material in contact.

The system that calculates the shear stress is
allocated for the calculation of the physical
properties and the flow of the stored products
[27], where the actual static and dynamic friction
coefficients are within those properties.
"Reference [28]" developed a technique for
evaluating these properties and a tool for
evaluating shear stress on stored goods.
Jenike's load cell is widely recognised as the
Jenike shear cell tester, used by many
researchers worldwide, has been adopted and
approved by many international standards [27],
[19]. Via the parameters calculated by this
apparatus it is possible to determine the pressure
on the structure and particularly the type of flow
which is very useful information about the
processing and the unloading of products stored
in bulk. "Reference [29]" investigated that the
Jenike shear cell tester is the most commonly
used device for the determination of shear
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stress. Through this tool, the product properties
are calculated in compliance with a well-
described operating manual, usually resulting in
accurate silos design performance. This tester
and its related procedures are cited by the
American Society for Testing and Materials
(ASTM) Std in standard or draft versions. D6128-
00, European Chemical Engineering Federation
(EFCE) and British Material Handling Board
(BMHB).

The processing and milling of rice involve several
unitary operations, according to Satake and
Yamashita stated by [21]. During these
operations the grains are exposed as effects,
shearing and friction to different forces mainly
during husking and milling [21]. "Reference [30]"
have been found to depend on the physical and
mechanical properties of the grains for the extent
of the damage caused during the processing.
Knowledge of the mechanical properties of rice
grain, mainly the compression resistance of
grain, is important for the determination of
analysis and breakage or its cracking during
processing [31,32].

3. REVIEW OF MECHANIZED RICE DE-
STONING MACHINES IN NIGERIA

Many investigators have designed and
constructed machines for the removal of stones
and other impurities from processed rice to meet
consumers' demand for a clean product [33-37].
This has contributed to many technological
advancements and method of removing
impurities from rice. "Reference [34]", for
example, created a rice de-stoning machine
using a vibrating sieve and recorded high de-
stoning effectiveness. "Reference [37]" produced
a cereal purifier that is especially suitable for use
in processed rice cleaning impurities. "Reference
[33]" developed a gravity-based and floating
separator. However, the difficulty of using a
separator in rice cleaning is that adequate drying
is necessary after separating and there is the
likelihood of storage growth of mold or fungi [38].
The technical specifications of the mentioned
designs, however, are very complicated and
difficult to locate [39,35,36,40]. This is possibly
the reason why rice processing is still, in some
ways, a big challenge given the amount of work
accomplished.

The machine in (Fig. 1) developed by [41]
rotating at 700 rpm had an output capacity of
7.50 t/hr and 80% de-stoning efficiency. It uses
two inclined meshes which are each held by six

springs. The meshes are rectangular in form,
with guides along the lengths to prevent dropping
off the mixture of sand and stone. The hopper is
at the left end of the upper mesh / screen, the
means by which the mixture is poured into the
separating chamber, while a collector for the
broad stones is located at the right end of the
separating chamber.

"Reference [34]" used vibrating sieves to develop
a rice de-stoner as shown in Fig. 2. The
machine's output was evaluated, and the results
obtained showed that the opening of the feed
regulator has significant impacts on the de-
stoning rate, de-stoning efficiency and loss of
rice.

The best output was achieved at 20 mm opening
of feed regulator. The higher the feed regulator,
the higher the de-stoning rate and grain losses,
and the lower the de-stoning capacity, the
greater the 20 mm opening. The machine's mean
efficiency was found to be 31.84 g / sec. And
thus, the average efficiency was also 98.3%.

A motorized rice de-stoner by [42] as presented
in Fig. 3 requires vibrating sieves, eccentric shaft
and blower for de-stoning. For the study three
local rice varieties (Bukola, Alhaji Aba, and
Kodogiche) were used. The assessment results
show that the Alhaji Aba variety has the
maximum rice separation efficiency (RSE) and
stone separation efficiency (SSE) of 81.0 percent
and 77.3 percent respectively with the minimum
impurity after separation (IML) and 6.5 percent
and 14.5 percent tray loss (TL), respectively.
Although variety Bukola has the maximum IML of
7.8 percent with the minimum SSE of 72.6
percent and variety Kodogiche has the maximum
TL of 14.8 percent with the lowest RSE of 79.0
percent. After the study, the machine is found
capable of de-stoning various varieties of locally
produced rice but performed much better with the
long rice grain than with the short rice grain,
which means that the machine's efficiency has
been determined by the -size of rice grain. The
work is a contribution to improving the quality of
Nigerian rice.

"Reference [35]" developed a locally produced
rice de-stoning machine operating on mechanical
principles of reciprocating and vibrating sieves.
The machine was tested for efficiency in rice
separation, efficiency in stone separation, degree
of impurity after separation and loss in tray. The
result for rice separation efficiency, stone
separation efficiency, tray loss and impurity after
separation showed an average of 74.2 percent,
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70 percent, 16 percent and 25.8 percent. The stone infestation problem normally experienced
developed machine has the promise to solve the in rice produced locally.
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Fig. 2. Schematic diagram of vibrating sieve rice de-stoning machine [34]
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||
LEGENG OF RICE DE-STONING MACHINE
SN | COMPONENTS MATERIAL | QTY
1. Firzt reciprocating screen | Mild steel 1
2 Second reciprocating Mild steel 1
screen
4 3. Vibrating sieve Mild steel 1
4. Stone outlet Mild steel 1
5 Fice channel Mild steel 1
6. Eccentric shaft Mild steel 2
5 w0 |7 | Hopper Mild steel 1
. Last reciprocating screen | Mild steel 1
g 0. Last vibrating steve Mild steel 1
10. | Electric motor Finizshed 1
g product
" 1. | Belt Rubber 3
14 12. | Blower Mild steel 1
13. | Pulley - 4
14. | Machine frame Mild steel -- |

Fig. 3. A Developed Rice De-Stoning Machine [42]

4. CONTRIBUTORS TO THE DESIGN OF
RICE DE-STONING MACHINE IN
NIGERIA

Table 1 shows the brief contribution by various
authors who have worked on the development of
different kind's rice de-stoning machine in
Nigeria. Most of this existing machine was
analyzed with their peculiar advantages towards
the end of this review work.

5. SUMMARY OF REVIEWED NIGERIA
DE-STONING MACHINES

Table 2 summarizes various developed rice
de-stoning machine in Nigeria with their
authors based on their capacity, de-stoning
efficiency and operating speed while Table 3

shows the merits and demerits of the
existing rice de-stoners in terms of their
performance.

Table 1. Authors and their contribution to rice de-stoning machine

S/No Author(s) Contribution(s)

1. "Reference [35]" Development of rice de-stoning machine operating on mechanical
principles of reciprocating and vibrating sieves.

3. "Reference [34]" Evaluate the performance of a rice de-stoning machine at different
feed regulator opening using vibrating sieves.

4. "Reference [41]" Developed a rice de-stoner with two separation chambers and
collectors.

5. "Reference [43]" Developed a rice de-stoner made up of two sets of carriage each
comprising of three screens.

6. "Reference [5]" Developed a rice de-stoner using reciprocating screen inclined at
different angle.

7. "Reference [44]" Evaluate and modified an existing rice de-stoner with aerodynamic
principle of lifting the rice grains.

8. "Reference [42]" Developed a motorized de-stoner via vibrating sieve.

9. "Reference [45]" Development of a rice motorized de-stoner.

10. "Reference [46]" Development of a rice de-stoning machine separating at two
different stages.

1. "Reference [47]" Performance evaluation and modification of an existing rice de-
stoner.

12. "Reference [48]" A low-cost rice cleaning and de-stoning machine.

13. "Reference [49]" Rice destoner machine/ stone impurities removing machine.

14. "Reference [50]" Rice destoner machine.
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Table 2. Some developed Nigerian rice de-stoner with their output

S/No Machine type Author(s) De-stoning Capacity Operating
efficiency (%) (Kg/h) speed (rpm)

1. Rice de-stoner "Reference [35]" 70 1440

2. Rice de-stoner "Reference [34]" 98.3 114.6 250

3. Rice de-stoner "Reference [41]" 80 7500 700

4. Rice de-stoner "Reference [43]" 82.47 47.39 1440

5. De-stoning machine "Reference [5]" 69.0 1440

Modified

6. Rice de-stoner "Reference [44]" 40.8 1.8 200

7. Motorized rice de-stoner  "Reference [42]" 77.3 1400

8. Motorized rice de- "Reference [35]" 99.75 104.4 2980

stoning machine

Table 3. Merits and demerits of some developed rice de-stoning machine in Nigeria

S/No Machine type Author(s) Merits Demerits
1. Rice de-stoner "Reference [35]" Both reciprocating and It does not have speed
vibrating sieves are adjustment mechanism
involved in de-stoning and de-stoned rice is
process not properly clean.
2. Rice de-stoner "Reference [41]" Ease of operation and It cannot separate
convenient. stones with relatively
the size of rice.
3. Rice de-stoning "Reference [43]" Required less power. Complex working
machine mechanism.
4. Rice de-stoner "Reference [5]" It has a good and De-stoning efficiency is
efficient operation. low.
5. Rice de-stoner "Reference [42]"  Excellent function in Required technical
operation know-how and
complex mechanism.
6. Motorized rice de-  "Reference [45]" Effective and reliable in Required high

stoning machine

operation.

operating speed.

For commercial purpose, the motorized rice de-
stoning machine [46] with efficiency of 99.75%
and operating at 2980 rpm and vibrating sieve
rice de-stoner [34] with efficiency of 98.3% and
operating speed of 250 rpm were recommended.
Technical skill to operate the machine, inability to
separate stones with relatively the size of rice,
lack of speed adjustment mechanism and low
efficiency are some of the many demerits of
some rice de-stoning machines. It is important to
note that not one machine has all the demerits.

6. CONCLUSIONS

The following conclusions can be made from this
review of rice de-stoning machines in Nigeria.

i The operating speed of the rice de-
stoners ranged from 200 — 2980 rpm.

ii. The highest de-stoning efficiency and
machine output capacity were 99.75%
for motorized rice de-stoner and 7500

kg/h with two separation chambers and
collectors. However, the de-stoning
efficiency ranged from 40.8 to 99. 75%
while output capacity from 1.8 to 7500
kg/h for the machines reviewed.

iii. The stone separation efficiency of the
machines increased with decreasing
angle of inclination.

iv. The more the feed regulator opening, the
lower the de-stoning efficiency of the
machines.

7. RECOMMENDATION

There should be proper selection of sieve size for
any variety of rice to be de-stoned.
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