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Crop Process Engineering

Lesson 4. Processing of Farm Crops: Processing of Cereals

4.0 Introduction

Cereal grains are hygroscopic and would gain or lose moisture initially until they are
in equilibrium with air. Food grains include cereals like rice, wheat, maize, sorghum
and millets; pulses like pigeon pea, chick pea, black gram and oilseeds like
groundnut, mustard, coconut, sesame. Storage is done to meet the food, feed and
seed requirements of the people between two harvests and during natural calamities
like draught, famine, war etc. Milling of food grains and oil seeds is done to convert
them into suitable products. All these operations could be performed with best
possible efficiency if crop location specific appropriate processing technology and
equipments are used. In general processing of products is done in three ways i.e.,
primary processing, secondary processing and tertiary processing. By products are
processed for economic utilization. At every stage of processing, value is added to
the product. Primary processing refers to those operations which convert raw food
materials into a form fit for eating or to be used in subsequent processing. Some
examples are: milling of paddy into rice, that of wheat into flour. Secondary
processing converts primary processed food materials into form fit for use at home
or canteen or hotels. Some examples are milling of chick pea, splits into Besan.

4.1 Processing of cereals

Among major cereal crops processing of rice, wheat and maize, a detailed discussion is
being given below:

4.1.1 Processing of Rice

Paddy (Oryza sativa L.) is most important food grains of the world and nearly 2/3of
population has partially or totally adopted rice as their main food. India is the world’s
second largest producer of rice. A paddy grains consists of several layers of components.
The major components of paddy grain are the husk, bran layers, starchy endosperm and
the embryo or the germ. Rice husk or hulls are the coating for the seeds. The hull is
indigestible to humans. Bran is the hard outer layer of grain and consists of combined
aleurone, nucellus, seed coat and pericarp. Along with germ, it is an integral part of whole
grain, and is often produced as by-product of milling. The embryo or the germ is rich in
protein and is often removed along with bran during the milling and polishing process.
The starchy endosperm is the popular white rice. A paddy grain approximately contains
20 % by weight of husk, 5 to 7 % by weight of bran layers and about 3 % by weight of
embryo.

Rice milling is the process wherein the rough rice grain is transformed into a form
suitable for human consumption, therefore, has to be done with utmost care to prevent
breakage of the kernel and improve the recovery. When only the husk layer is removed
from paddy grain the resulting product is called brown rice. Brown rice is milled further
to remove bran layers for creating a visually more appealing white rice than the brown
rice.

Method of Rice Milling
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Traditionally, for milling hand pounding method was common. In a hand pound method,
paddy is pounded in a traditional stone or wooden pestle and mortar. After pounding, the
paddy is winnowed to separate the de-husked and un-husked kernels. The un-husked
paddy grains are pounded again in the pestle and mortar. These operations are
cumbersome, time consuming and require heavy labour input. By hand pounding husk
and a small portion of bran are removed from the paddy. The resulting brown rice was
nutritionally sound because of the bran layers.

Hand pounding became an obsolete and unpopular method after the introduction of
hullers for milling paddy. The most popular model of a huller mill is the Engleberg huller.
In Engleberg huller the paddy is passed two or three times get milled rice. Engleberg
huller removes the rice husk and many times bran layers by mechanically cutting them
between a rotating knife and a stationary blade. This is a very crude method of milling
because due to cutting of husk and bran layers using metal parts, the breakage of rice is
heavy and the head rice (the whole rice grain) yield is low. Furthermore, the valuable by-
product, the barn, is removed along with the husk. Rice is separated from the husk and
bran by sieving and bowling. Hulling using Engleberg huller reduced the human drudgery
of hand pounding and is quicker than hand pounding. However, the quantity of broken
rice is higher than the hand pounded rice and reduces the milling outturn.

Bran is particularly rich in dietary fiber and essential fatty acids and contains significant
quantities of starch, protein, vitamins and dietary minerals. It contains various antioxidant
that impart beneficial effects on human health. Pure rice bran contains 18-21 % oil. The
government felt the importance of recovering this valuable by product for extraction of
oil and for other food purposes and industrial purposes. Therefore, the concept of modern
rice milling came into existence. Modernization of rice milling started with a view to
obtaining higher rice yields and better quality by-products such as bran and husk. The
ultimate goal of the rice industry is to produce a maximum amount of whole grain rice
because market value of whole kernels. It is therefore important in processing to avoid
conditions that may promote breakage.

Modern rice mills use rubber roll sheller in place of Engleberg huller. In a rubber roll
sheller two differential counter rotating rolls remove the husk by frictional rubbing thus
separating husk and the brown rice. In modern rice mills, the brown rice is almost always
polished to remove the bran layers.

Two to four stage polishing are common in modern rice mills. Cone polishers are used for
removing the bran layers.
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In both the traditional and modern methods rice is milled either raw or parboiled.
Parboiling refers to partial boiling of rice. Due to soaking and steaming the rice starch
gelatinizes and water soluble vitamins and minerals become integral part of the rice
starch. Rice becomes tougher and breakage during milling is reduced. Though there are
many advantages in parboiling, it is done only base on consumer preferences. In the plant
is producing parboiled rice in addition to the above it should also have a section for
parboiling and drying.

Modern rice milling processes

The major steps involved and the definitions of each process in modern rice milling
process are shown hereunder.

Sieve
separator, Removing all impurities and
Pre ) magnetic unfilled grains from paddy. This
cleaning ) separator is also involves removing the
and metal parts from the paddy.
winnowers
De- i Vibratory .
stoning : separator Separating from paddy

Partially boiling paddy by soaking, steaming and
drying. Helps in improving the nutritional quality by

Parboiling gelatinization of starch inside the rice grain. It
improves the milling recovery
Dehusking : Rubber Removing husk from paddy with
roll sheller minimum damage to the rice
grain
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Husk ) Aspirator Separating the husk from brown
aspiration ' P rice/unhusked paddy
Paddy Speglﬁc Separating the unhusked paddy
. gravity .
separation separator from brown rice
Cone Removing all or parts of the bran
Whitening . layer and germ from brown rice
polisher g .
using cone polishers

Improving the appearance of milled rice by removing
Polishing : the remaining bran particles and by polishing the
exterior of the milled kernel using cone polishers

. Ylbratory Separating small — large brokens
Grading : sieve .
from head rice
grader
Color ) Colour Removing the discolored rice
sorting ' sorter from the white rice
Bagging : Preparing the milled rice for transport to the customer

Cleaning and Grading

The paddy must be cleaned off the chaff and lighter impurities, foreign grains of different
sizes, sand, stones, debris and metal pieces that may present. The different cleaning
operations and the machinery used for such are shown in Table 2.1.

Table 4.1 Machinery used in cleaning paddy

Machinery Operation

Vibratory sieve For removing foreign of different sizes
De-stoner For removing stones

Magnetic separator For removing the metal parts in the paddy bulk
Winnower For removing lighter impurities

Cleaning paddy becomes a must for delivering quality and consumer acceptable rice in
the market. Removing metal parts and stones become inevitable because they cause
damages to the milling machines. Many of these operations can be performed a single or
with two machines.
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Parboiling

Parboiling is an optional and pre-milling process given to the paddy. It is hydrothermal
process in which paddy soaked in water followed by gelatinization by steaming. The step
process involves soaking, steaming and drying. There are different methods in parboiling
such as household method, single steam method, double steam method, hot water soaking
method and pressure parboiling method etc. Among these methods single steaming,
double steaming and hot soaking methods are adopted in commercial scales. Some
popular methods of parboiling are listed below:

i. Single steaming method

In single steaming method paddy is soaked in water at room temperature for 1-3 days in
cement cisterns. After complication of soaking the water is drained and steamed in
batches.

ii. Double steaming method
In double steaming method raw paddy is steamed first and added in batches into the water

for soaking at room temperature in a cement tank. The steamed paddy increases the

temperature of the soaking water to above 50 to 60 OC and slowly cooled to room
temperature in a day. After 24 hours, water is drained and paddy is again second time
steamed.

iii. Hot Soaking Method

In this method, the raw paddy is added to hot water at 90 to 95 OC. The water is circulated
so the temperature is maintained at 65 to 70 °C for 5 to 6 h. After soaking, the water is
drained and steamed in the same vessel.

Steaming and Drying

In modern rice milling the streaming is done separately using a steaming unit. The steam
is produced usually from a boiler unit under pressure. The soaked paddy is then dried. In
modern rice mills usually LSU driers with hot air from steam heated exchangers is used
for drying.

The purpose of this to produce physical, chemical and organaleptic modifications in rice
with economic, nutritional and practical advantages.

Advantages of Parboiling

1. The milling yield is higher and the quality is improved as there are fewer broken
grains.

2. The grain structure becomes compact and vitreous, even if some kernels were
entirely or partly chalky.

3. The milled rice becomes translucent and shiny.

4. Parboiled paddy and milled parboiled rice keep longer and better than in the raw
state as germination is no longer possible and the kernel is hard making it
resistant to attacks by insects and to absorption of moisture from its environment.

5. The grains remain firmer during cooking and less likely to become sticky.
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6. A greater amount of water is absorbed during cooking causing the rice to swell.
7. After cooking the rice absorbs less fat from added conditions.
8. When cooked, the rice keeps longer and it will not go rancid so easily.

9. Parboiled rice retains more proteins, vitamins and minerals which have spread
during parboiled in the endosperm.

10. After cooking parboiled rice is more digestible.

11. Less solids are kept behind in the cooking water.

12. Shelling of parboiled paddy is easier.

13. Rice bran obtained from parboiled rice gives higher percentage of oil.
Disadvantages of parboiling

1. The heat treatment during parboiling destroys some natural anti oxidants, hence
rancidity developed in parboiled during storage is more than in raw rice.

2. Parboiled rice takes more time to cook than raw rice and may have characteristic
off flavour which may not be liked by raw eaters.

3. Parboiling process needs an extra investment of capital.

4. Inspite of extra expenditure involved in parboiling, the higher out turn of head
yield from the process brings in additional profit to the miller and ensures
cheaper price to the consumer. Apart from this, the higher nutritive value of
parboiled rice can by-itself justify large scale practice of parboiling. Generally
scented the fine varieties of paddy has good milling quality are not parboiled.

Traditional method of parboiling

The traditional method process consists of soaking in water at room temperature for 24-
28 hours or more steaming in kettles under atmospheric pressure and drying in the sun. In
the boiling method paddy is soaked in ordinary water for 24-72 hours and then steamed.
In double boiling method steam is first injected into raw paddy in the steaming kettle
before soaking. Hot paddy raises the temperature of soaking water to 45-50°C, which
helps to reduce the soaking time to 24 hours. Therefore soaked paddy is steamed.
Sometimes the soaking water itself is heated about 50°C before the raw paddy is dumped
in it and in this case first steaming is not required. Traditional method of parboiling has
the following disadvantages:

During prolonged soaking, fermentation sets in and an undesirable smell is developed.
1. It is a conductive to development of mycotoxins which are quite harmful.
2. Sun drying is quite uncertain.

3. Loss due to manual consumption by birds, rodents and insects in the process of
drying significant.

4. Unhygienic conditions associated with the process of drying.

5. It requires large drying yard and
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