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ABSTRACT

Parboiling of paddy rice is a post harvest management process practiced differently at separate parts of

the world with cultural and geographical underlines. The manner and procedure at which the

parboiling process is conducted determines the qualities of final product both nutritional, physical and

marketability. Developing a reliable, practicable and sustainable parboiling procedure that optimizes

the physical, nutritional and eaten qualities of the final product for our ecological zone has not yet

been carried out. This research work began with a survey conducted in the three northern regions of

Ghana to obtain an overview of how parboiling processes are been conducted. Appropriated soaking

and steaming containers were designed and fabricated and used to simulate the processes of parboiling

in the laboratory using two varieties of rice; Jasmine 85 and Nerica 14. Four (4) different soaking

times (6, 20, 24 and 36 hrs) were combined with three different steaming times (40, 60 and 90

minutes) at 80°C. Samples from each soaking/steaming combination were taken and analysed for

physical, nutritional, cooking and eaten qualities. The mean value ± SD of two replicate of each

parameter were taken using the Z-score test. The data were then subjected to ANOVA test and factors

that were statistically significant (P<0.05) identified. The best parboiling condition (soaking and

steaming time combination) was soaking for 20 to 24 hrs followed with 60 to 90 minutes steaming.

Soaking for 20 hrs, combined with 60 minutes of steaming was the recommended parboiling condition

for paddy rice in the three Northern regions of Ghana. An example of parameters with high mean

scores were, husking efficiency; 93.7 ±2.3 and 96.7±1.4, broken percentage; 12.0 ±1.4 and 9.5±2.1,
v-'

head rice yield (HRY); 88.5 ±3.5 and 89.5±2.1 etc for Jasmine 85 and Nerica 14 varieties respectively.

A lot more parameters showed significant difference at 20 hrs soaking combined with 60 minutes of

steaming.
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CHAPTER ONE

1.0 Introduction

Rice (Oryza sativa) is the fundamental principal food for about half the world's population and it

supplies 20 % of the calories consumed worldwide. All around the world, rice is consumed by

lots of people as either a staple or delicacy. From paddy fields in China to the dusty plains of the

Sahel in Africa, rice is a staple food in high demand throughout the world. Rice consumption

~ increases with population. In the 21st century, a large increase in population is anticipated. Most

of the increase will occur in Asia and Africa, where the population lives on rice. In developing

countries, the present 2100 million rice consumers will reach 3,700 million in 2020 (IRRI, 1989).

To meet the projected growth in demand for rice (making allowances for its substitution by other

foods) as incomes increase, the 1988 rice production of 490 million tonnes must increase to 556

million tonnes by 2000, and to 758 million tonnes by 2020, a 65 percent increase (1.7 percent per

year), CIRRI, 1989). However, for the leading rice-growing countries of South and Southeast

Asia, the needed increase in rice production by 2020 is about 100 percent (2.1 percent per year).

The variety Jasmine 85 and Nerica 14 are among the preferred varieties that are grown and

consumed. In the Northern and Volta regions of Ghana, Jasmine 85 and Nerica 14 are the most

popular cultivated rice not only due to the high yielding abilities of these varieties but also their

ability to adapt fairly well in the Savanna ecology. Thus, the production and consumption of these

two varieties of rice in the north is on a high note. Nerica 14 has characteristics such as red bran

colour thus suitable for rice and cowpea meal popularly known as 'wakye'. Jasmine 85 variety on

the other hand has aromatic characteristics and other features that make it attractive to consumers.

Rice consumption in most parts of the world is taken as parboiled rice. Parboiled rice is rice that

has been taken through certain thermal processes to convert it into parboiled rice. Though there
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are no official statistics available for parboiled rice production and consumption, according to

expert cpinion the shares of parboiled rice on total consumption is; EU greater than 50%;

Germany, 75%; UK, 50%; France, 60%; USA, 66%; and Canada 75% (Joachim, 2011). South

America has a high share and is currently building several additional parboiling plants notably in

Brazil. Nigeria could be the world's biggest importer of parboiled rice. India has an old tradition

and a high share of parboiled rice averaging 60 %. In the West Europe and part of the Indies, they

prefer raw rice in the home kitchen, but for parties with buffets where the rice needs to be kept

long and for certain dishes, parboiled (Birhiani) rice are preferred. Bangladesh consumes

predominantly parboiled rice. The Gulf countries also have a high share of parboiled rice because

it matches well with the local dishes. Total rough estimates of 100 million metric tons of rice are

consumed as parboiled rice.

Rice is one of the major staple consumed worldwide after wheat and maize. Rice contains some

amount of nutrients capable of meeting the nutritional requirements of man. According to Perez et

al., (1987), rice is an economic crop, which is important in household food security, ceremonies,

nutritional diversification, income generation and employment. Carbohydrate is the main

constituent nutrient in rice, with protein, lipids, crude fibre and some minerals occurring in lesser

quantities. Rice also contains vitamin B1 (thiamine) to an appreciable amount. Rice contains as

much as 0.41mg of vitamin B1 per 100g and thus consuming rice can supply the human system

the daily requirement of vitamin B 1 (Belitz and Grosch, 1999). As the third most preferred staple

after wheat and maize, the fact that it can be a major source of nutrients including vitamin B 1

(thiamine) to the millions of people across the world cannot be underestimated. In Ghana, rice

menus are the second dominant meal consumed after maize. This is evident in all the hotels,

restaurants, 'chop bars', food vendors, etc where rice meals are more frequent than other meals.

2
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educational institutions are examples of places where rice meals are consumed frequently. A lot

At occasions such as festivals, funerals, weddings, out-doorings etc, rice meals are usually the

preferred ones and are indeed served. The Ghana School Feeding Programme and other

of this rice however is eaten as parboiled rice. Meanwhile, for many small-scale farmers, meeting

quality standards in the area of parboiled rice remains a challenge. The parboiling process of

paddy rice could have some effects on these nutrients either positively or negatively. Vitamin B 1

.»: for instance might be affected since this vitamin is heat labile and water soluble. More

importantly is the variations in parboiling processes of which certain particular methods might be

more beneficial than others. Any form of rice processing that could maximize the availability of

these nutrients especially thiamin (vitamin Bl) will be of great help to the numerous rice

consumers worldwide. The consequences of parboiling process on the behavior of rice in terms of

cooking and other end-use applications are therefore important and merit some thorough

investigations. Such an investigation could contribute to curb nutrient deficiency related diseases

among the people who eat rice as a staple. It's therefore necessary to research into and come out

with appropriate recommendations that will improve the physical qualities and as well enriched

parboiled rice with nutrients e.g. thiamine for all such consumers. Commercial rice milling

companies will also be in the position to improve their products by adopting recommendations of

this study. This work shall therefore document the detailed processing practices and recommend

appropriate parboiling guidelines or steps that will make parboiled rice much more attractive and

acceptable to many people across cultural divide.

Marketable rice is generally in a form of white rice and this type of rice is usually less nutritious

than the parboiled rice. This is because the bran layers of the rice kernel contain majority of the

nutrients and that are usually removed during polishing to produce white rice. Parboiled rice is

3
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steamed before removal of the husk. Therefore breakaway bits of the germ where nutrients are

concentrated are limited. When parboiled rice is cooked, the grains look more firm, less clingy

and more nutritious than white rice. The process of parboiling modifies the starch and permits the

retention of much of the natural vitamins and minerals in rice kernels. The rice is usually slightly

yellowish or brown, although the color changes after cooking.

--' 1.1 Rice Parboiling

Parboiling is a set of operations needed for the production of a gelatinized product. Scientifically

it is a thermal treatment process done on rice and other cereals. Water and heat are two essential

elements to transform the natural cereal into "parboiled" cereal. Therefore rice that has been

subjected to hydrothermal treatment prior to milling is termed parboiled rice. In rice, it is done to

produce gelatinized rice. It is done by soaking the paddy in warm water for some time and then

proceeds to steam the soaked rice till it gelatinizes. In the past parboiling was an art practiced

more or less as culture. Several methods of parboiling are practiced in different countries and in

different parts of the same country. The three basic steps of parboiling are soaking, steaming and

drying (Miah et al, 2001). In practice, the process starts by soaking paddy rice to a saturated

moisture content, then gelatinization of rice starch by heating the moist kernels through steaming,

and drying the product to a moisture level suitable for milling or storage. Severed years ago the

practice of parboiling paddy rice was done using simple equipments such as earthen ware pots

and other suitable containers. But recent times, the practice has been developed from a cottage

industry to a modern and vibrant one. Traditional parboiling involves soaking in cold water,

steaming, and drying (Bhattacharya, 2004). However, pressure and warmer soaking temperature

are commonly employed in modern processes to reduce processing time. More recently, the use

4
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of fluidization techniques (Soponronnarit et al, 2006) and ohmic heating (Sivashanmugam and

Arivazhagan, 2008) to parboil rice have been reported. Parboiled rice is most often used in the

industrial and food service markets because of its ease of preparation, durability, and stability to

overcooking (Juliano and Hicks, 1996; Vegas, 2008). Parboiled rice does well in canned and

frozen foods like soups, puddings, and dinners.

Rice processing is one of such major income-earning activity for Ghanaian women. In Ghana

parboiling process is practiced in the Northern, Upper East, Upper West and Volta regions since

rice cultivation is popular in these areas. In the Upper East region of northern Ghana, parboiling

as a post harvest process is done to other crops including, millet, sorghum, groundnuts, bambara

groundnuts and Shea nuts. There are situations where parboiled food would be prepared

purposively for such special occasions like festivals, funerals and other ceremonies. Several

reasons may be given as to why certain food crops are parboiled. There is a sense of thought that

the process (parboiling) improves the flavor. Therefore parboiling of rice, millet, sorghum etc

improves their flavor hence parboiled cereals have better taste than that of their non-parboiled

counterparts. In the case of bambara groundnuts, the process toughens the seed coat against insect

infestation. But in paddy rice, parboiling is practiced first of all to enable easy separation of !he

husk from the kernel. It is therefore possible that parboiling which has been the means of

processing rice could have a wider implication than easy milling properties and should attract the

interest of food technologists and food processors for the development of the rice industry. At the

village level, rice is usually parboiled in batches of 40 kilograms in a cooking pot over an open

fire. This process is rudimentary and involves hard and laborious work, often resulting in weak

and broken rice grains. Despite the fact that rice forms a major part of the local diet in Ghana only

33 % of rice sold is produced locally. According to Dr. Manful at the Food Research Institute

5
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(FRI) in Accra, sixty (60 %) of the country's rice is grown in the north but the dry conditions

result in brittle and broken rice grains. Brittle rice will usually get broken when milled and broken

rice sells at a lower price than wholesome grains. The local rice is sold for less per kilogram as

compared to imported rice largely due to too much broken grains of the loca rice. Dr Manful at

the Food Research Institute (FRI) has since developed an improved soaking container big enough

to reduce the work drudgery, with one clear goal in mind. "What we need to do for our local

farmers is to help them improve the quality of the locally produced rice, so that they can compete

effectively on the local market.

Parboiled rice has been produced by both traditional and modern methods. This implied that there

are modern parboiling processes of rice that uses sophisticated equipments to achieve maximum

results as well as the traditional methods that use simple equipments. In Ghana, the traditional

parboiling methodology is practiced, with some processors combining bits of the modern and

traditional methodologies to come out with an intermediary (improved methodology). The

traditional parboiling processes involves soaking paddy rice overnight or longer in water followed

by boiling or steaming the steeped rice in order to gelatinize the starr-h. The parboiled rice is then

cooled and sun-dried before milling, storage or both. The soaking could be in cold water, warm.or

even hot water that boils the rice depending on the practice of the people. The soaking period

varies according to the convenience of the processor. At the steaming stage, much water is used

that end up boiling the paddy at a second time instead of steaming. The drying process is usually

.>: done under the sun on a concrete floor that easily contaminates the rice with pebbles and sand,

The traditional parboiling devices range from pottery to aluminum pots, making use of direct or

indirect heating and single or double steaming, which consume all d.ifferent amounts of energy

(Roy et al., 2006). Agri-residues are the main sources of energy for traditional or small scale

6
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parboiling, especially the residues of rice processing industries. A nearby pond, river, lake or

tube-well serves as the source of water for parboiling.

Modern methods involve the use of a hot-water soaking that last for a few hours. State of the art

equipments with automated machinery is employed to carry out each operation. Large soaking

tanks and pressurized steamers are used. Strict standards such as temperature, time and unit of

measurements are followed. Pre-soaking operations like washing, de-stoning, separation of soil,

impurities, immature seeds etc are carried out before parboiling. Air drying is practiced under roof

with fans. Various parboiling devices and techniques have been developed (Kar et al., 1999;

CFTRI, 1969). Modern methods are energy and capital intensive, therefore are not suitable for

small-scale operation at the village level (Bhattacharya, 1990; Ali and Ojha, 1976).

The production of quality rice is a responsibility of several stakeholders in the rice industry

among which processors are paramount. If quality is to be improved it must be a team effort of

which everyone must be "quality aware." Parboiling gelatinizes the starch granules and hardens

the endosperm, making it translucent. Chalky grains and those with chalky back, belly or core

become completely translucent after parboiling. A white core or centre indicates that the process

of parboiling the rice was incomplete. Parboiling is accompanied by some profound changes in

physical, chemical, and functional properties of the rice. SUGhchanges in components during

parboiling, in turn, contribute to harder kernels upon drying, improved milling yields, more

translucent but ambercolored head rice, firmer and less sticky cooked rice, higher retention of

minerals and water-soluble vitamins, increased health-promoting starch fraction (resistant starch),

and longer shelf life (Pedersen et al., 1989; Juliano and Hicks, 1996; Kar et al., 1999; Otegbayo et

al., 2001; Bhattacharya, 2004; Derycke et al., 2005; Heinemann et al., 2005; Kim et al., 2006).

7
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Parboiled rice takes less time to cook and its looks firmer and less sticky when cooked. In North

America parboiled rice is either partially or fully precooked before sale (Joachim, 2011). The

parboiled product has a cream to yellow colour depending on the intensity of heat treatment.

Aged rice may give grayish parboiled rice, probably because it has a lower pH owing to the

presence of free fatty acids. The main changes occurring to the grain structure are the following:

-The water-soluble substances (vitamins and mineral salts) are dissolved and diffuse inside the

endosperm, enriching their original distribution and concentration;

-The crystalline structure, characteristic of the rice starch grain is transformed in a homogeneous

and compact mass made of gelatinized starch;

-The starch grains, due to soaking effect, inflate and expand in order to fill any space surrounding

them with consequent elimination of cracks existing in endosperm;

-The cereal moisture content is taken to the optimal level regardless of the moisture content

before the process;

-Enzymes present are partially or totally inactivated;

-Oily soluble substance, contained in the germ and in the bran layers, are enriched, as other

components are dissolved

-All unwanted processes, both latent and ongoing (germination, proliferation of molds or spores,

eggs, grubs, pupas, adult insects), are completely inactivated or eliminated.

The main consequences for the producer might be the kernel becomes much harder and allows

much less breakage during the milling process. Also the bran has a higher oil content which

makes handling more difficult. The advantages to the consumer of parboiled rice may includes;

Cooking is much easier, as the rice can be kept long time in the pot, which is considered a big

advantage in the catering industry. Also the less knowledgeable caterers can easily prepare good

8
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granular rice on the plate. Parboiling also makes manual processing of rice easier and might also

improves the nutritional value as well as changes its texture. This is due to starch granules

undergoing irreversible swelling and fusion as a result of gelatinization (Rao and Juliano, 1970;

Ali and Bhattacharya, 1980; Juliano and Hicks, 1996). Protein bodies are disrupted (Rao and

Juliano, 1970) and protein barriers are inferred to form through disulfide cross-linking (Derycke

et al., 2005). Lipids form complexes with amylose, which, along with protein barriers, may

contribute to restricted swelling and solubilization of starch during cooking (Biliaderis et al.,

1993; Derycke et al., 2005). At similar degrees of milling, parboiled rice has lower protein

content than straight milled rice, but parboiled rice bran has more protein and oil than raw rice

bran (Padua and Juliano, 1974). The composition of the milling fractions can be explained by a

lower endosperm contamination of the bran in parboiled rice. In Europe, parboiled rice is

becoming more important not only by the fact of improved nutritional value but also by virtue of

the improved cooking and processing properties that are desired from the industrial point of view

(Juliano and Hicks 1996; Vegas 2008).

Parboiling results in some yellowing of the grain depending on the severity of the heat treatment.

In addition, black spots diffuse to form dark brown to black regions or pecks, wherein at l~ast

twenty five percent (25 %) of the grain surface is colored. In general the storage life of parboiled

rice is much longer than non-parboil rice kept under similar conditions. This makes managing

parboiled rice relatively easier than the non-parboil ones. This invariably shows that parboiled

rice has the potential to reap in more returns than the non-parboil rice in all aspect. As mentioned

earlier, the ease of milling characteristics of parboiled rice is what interest's rice processors

(parboilers) most. More especially the rural areas where dehusking is done manually using mortar

and pestle to pound the paddy before winnowing to separate the chaff, the process of parboiling
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helps to smoothen this manual milling process. Non-parboiled rice is difficult to dehusk and

winnowing is usually difficult hence most women prefer to parboil before dehusking.

1.2 Parboiling and Nutritional Effects

Parboiling as practiced several years ago was done for rightful purposes even though the ancient

man could not explain the scientific principles behind the practice. As practiced differently at

several countries around the world, the procedure even differs within locations in a country.

Among the peoples of Bolgatanga in the Upper East region of Ghana, parboiling is done to

improve the taste of certain cereals. Thus after harvesting their cereals, the immature grains of

millet and sorghum are separated from mature ones and parboiled before using to prepare several

dishes. Meals from such parboiled grains are tastier. This presumes that the practice of parboiling

unleash available nutrients that were otherwise chemically inactive. In other cases, the practice of

parboiling is done to cause cessation of enzymatic activities in the harvested food product. An

example has been the partial boiling of fresh Shea nuts in order to stop enzymatic processes going

on after harvesting. In the case of paddy rice, the process is done primarily for good milling

(husking efficiency) and also for good head rice yield with little broken ones. Other advantages

like nutritional benefits are usually secondary or not the main idea behind the practice. In the rice

grain, different layers; outer hull, caryopsis, aleurone, sub-aleurone, endosperm and embryo

contain different amounts of nutrients. Dietary fibre, minerals and B vitamins are highest in the

bran and lowest in the aleurone layers. Rice endosperm is rich in carbohydrate and contains a fair

amount of digestible protein, composed of an amino acid profile which compares favourably to

other grains. Though intra-varietal differences within rice can cause nutritional variations, the

processing technique is much more influential on nutrients availability to consumers. The
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processing technique apart from influencing the available nutrients to the consumer would even

first of all influence the decision to take in parboiled rice base on whether it is attractive or not (its

physical quality). This parboiling process therefore determines to a great extend the available

quantities of biological nutrient composition in the grain. For instance, Rao and Juliano, 1970

found out that protein content of brown rice was noted to be unaffected by parboiling, while the

solubility of protein decreases after parboiling. This could reduce the available protein in

parboiled rice. The riboflavin content also remains unaffected (Bolling and El-Baya, 1975). Water

soluble nutrients disperse into the endosperm but fat moves out during parboiling process hence

parboiled milled rice contains more water soluble nutrients. On the contrary, total thiamine

(Vitamin B 1) and nicotinic acid content in brown rice are reported to be reduced after parboiling

(Pauda and Juliano, 1974). Apparent amylose content decreased as a result of parboiling,

regardless of whether paddy rice or brown rice was used as a feedstock, and whether mild or

severe parboiling conditions were employed. In a related study, Biswas and Juliano (1988)

reported a mean 1 % decrease in apparent amylose content on parboiling, and hot-water soluble

amylose content decreased progressively with the severity of parboiling.

1.3 AIMS AND OBJECTIVES

The aim of this research is to develop recommended guidelines for a parboiling process that

maximize the physical, nutritional and cooking/eating qualities of parboiled rice. This shall

increase the attractiveness and acceptability of parboiled rice by consumers to boost it market.

Variations in the soaking period lead to different water absorption levels and also different

steaming time periods gives varied gelatinization of the starch. These variations have a significant

influence on the quality of the milled rice physically and nutritionally. Since the quality cf the
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milled rice determines it marketability, it is imperative that steps are taken to enhance the quality

of parboiled rice not compromising the nutritional aspect of it. For example, properly parboiled

rice is well gelatinized, and the starch inside the husk got compacted and pulls away from the

husk. The kernel is therefore loosely attached to the husk thus making milling easier. During

milling process the husk is not removed with force therefore less broken grains. However over

parboiling or under parboiling could confer unwelcome colour to the final product or makes it

lose essential nutrients that could make the rice unpalatable. To determine the physico-chemical

qualities of parboiled rice therefore, two varieties; Nerica 14 and Jasmine 85 were taken through

the parboiling processes, milled and their nutritional, physical and cooking qualities assessed. The

specific objectives of this study include;

(1) To find out the practice of paddy rice parboiling processes, the science and perceptions of

it as understood and practiced by processors in the three Northern regions of Ghana.

(2) Generate baseline information towards the standardization of parboiling process of paddy

rice in Ghana

(3) Identify and develop a parboiling condition (soaking/steaming time combination) that

yields optimal product quality in terms of physical, nutritional, cooking and

eating/sensory characteristics.

(4) Recommend a parboiling system that IS cost effective, efficient and sustainable for

especially the rural processor.
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CHAPTER TWO

2.0 Literature Review

Parboiling is an age-old process in part of Asia, Africa, and to a limited extent in some European

countries and USA (Ibukun, 2008). More than 1000 years ago parboiling was done in simple

earthen pots to improve shelf life and the resistance against insects (Joachim, 2011). It is recently

that parboiling has been developed from a farm or village activity to an industrial process. For

instance, in the 1910s German-British scientist Eric(h) Huzenlaub (1899-1964) invented a form

of parboiling which held more of the nutrients in rice, now known as the Huzenlaub Process. The

whole grain is vacuum dried, then steamed, followed by another vacuum drying and husking. This

also makes the rice more resistant to weevils and lessens cooking time. There are recent methods

where the rice is soaked in hot water, and then steamed for only 3 hours rather than the 20 hours

of traditional methods. These methods also yield a yellowish color in the rice, which undergoes

less breakage when milled (Ituen and Ukpakha, 2011). Parboiling of paddy rice can be achieved

through a variety of methods that differ basically in the intensity of the hydrothermal treatment

(Bhattacharya, 1985; Pillaiyar, 1988). Soaking is the most time-consuming operation in the

parboiling process, followed by steaming then drying. In traditional parboiling process, soaking

uses cool or water at room temperature and takes 1 to 2 days. Modern methods use hot water, and

soaking can be completed in a shorter time depending on the temperature of the soaking water.

Long-duration of cold water soaking could leads to microbial growth and off-flavor development,

whereas hot water soaking requires high energy inputs and produces unsatisfactory coloration of

the kernels. Vacuum infiltration to de-aerate the grain prior to pressure soaking is applied to

obtain a good-quality product, as in pressure parboiling. Since parboiling gelatinizes the starch

./
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granules and hardens the endosperm, making it translucent, the chalky grains and those with

chalky back, belly or core become completely translucent on parboiling.

Despite development of more efficient modern parboiling methods, a major portion of the world's

paddy rice is still parboiled in the conventional (traditional) way, involving soaking, steaming,

and drying operations, possibly because of tradition, existing machinery, or familiarity. The

efficiency of traditional parboiling process can be improved by shortening the time of the soaking

operation without sacrificing product quality. In general, achieving saturation moisture content

should be the target of the soaking operation. Properly soaked paddy rice can then be processed

using several available methods of steaming, drying, and milling to obtain parboiled rice.

Chattopadhyay and Kunze (1986) determined a minimum hydrothermal treatment for packaged

parboiled rice that restored fissured grains, eliminated grains with opaque cores, and imparted

minimum color. They studied various treatments of hot soaking (60°C, 65°C, and 70°C) and

steaming (103.51 kPa gauge) times with medium-grain and long-grain varieties and found that the

optimum combination of treatments depended on variety. A modern parboiling process developed

at the Indian Institute of Technology, Kharagpur, India, utilizes 70°C to 80°C hot water soaking

for 3.5 hrs, which also completes the starch gelatinization, thus eliminating the steaming process

(Ali and Ojha, 1976). For the conventional atmospheric-pressure soaking process, Velupillai and

Verma (1982) reported that the steaming operation was more effective in producing translucent

grains when the paddy rice reaches saturation moisture content of approximately 43 %. According

to Chattopadhyay and Kunze (1986), the gelatinization temperature of rice starch can be used in

setting the water temperature for hot soaking of paddy rice during parboiling. The gelatinization

point is the temperature at which further hydration and irreversible starch granule swelling take

place and is specific for each variety (Ali and Ohja, 1976).
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As the starch in the grains is moist, it easily gelatinizes when heat is supplied. When gelatinized,

the granules no longer exhibit birefringence under polarized light, and the orderly polyhedral

structure of the compound granules changes into a coherent mass (Juliano, 1985; Pillaiyar, 1988).

The change in optical properties under plane polarized light before and after gelatinization of

moist starch due to heat is used to find the gelatinization temperature of the starch (Igathinathane

et al., 2005).

There is a higher percentage of recovery of head rice yield when gelatinization is optimum.

(Otegbayo and Osamuel (2001) studied the effect of parboiling on physico-chemical qualities of

two local rice varieties in Nigeria and found out that parboiling reduced the breakage, fat, protein

and amylose content of the rice whiles the cooking time, water uptake and thiamine contents were

increased. Parboiling is thought to drives nutrients, especially thiamine, from the bran into the

grain, so that parboiled rice is 80 % nutritionally similar to brown rice. Some studies however

showed thiamine reduces after parboiling as reported by Pauda and Juliano (1974). The starches

in parboiled rice become gelatinized, making it harder and glassier than other rice. In some places

the traditional parboiling process involves soaking paddy rice overnight or longer in water at

ambient temperature, followed by boiling or steaming the steeped rice at 1000e to gelatinize the
,

starch, while the grain expands until the hull's lemma and palea start to separate (Gariboldi, 1984;

Bhattacharya, 1985; Pillaiyar, 1988). Under the prevailing global energy crisis, any parboiling

method that is energy efficient would be a welcome idea. Both fuel and human energy can be

saved in the parboiling process by skipping anyone of the three distinct unit operations namely,

soaking, steaming and drying or by combining any two operations at a time. Direct steaming of

freshly harvested paddy with high moisture content improves the head rice recovery but with

inferior quality. Parboiling of the soaked paddy could be carried out with less energy input by
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subsequent drying. One of the possible methods of energy saving during the parboiling of paddy

applying the dry heat instead of moist heat (stearn) which takes care of both gelatinization and

is the continuous dry-heat parboiling. The dry-heat parboiling has the unique feature of parboiling

and drying of paddy, simultaneously. The heat requirement for parboiling of paddy is the same

irrespective of method employed to achieve it, however the efficiency of the system is governed

by thermal efficiency of the heating source, heat transfer between source and subject, heat loss by

conduction, convection and radiation, and sensible heat of the system. Grain hardness is a very

important trait, especially when it comes to storage of milled grains as harder grains are more

resistant to insect attack and less susceptible to the development of moulds. Thus parboiling of

paddy rice confers hardness to the grain when properly done and dried. Drying to a moisture

content of 18 % or less of parboiled rice makes it hard and cannot easily be destroyed by insects.

None parboil rice dried to the same moisture content can still be attacked and destroyed by

insects. Also micro organisms like fungi, bacteria etc do not easily attack and destroy parboiled

rice compared to non-parboil rice. It has been established that cracks, chalkiness, and incomplete

grain filling are totally rectified and many of the previous defects are cured when paddy is

properly parboiled (Bhattacharya, 1969). However, a common problem with the parboiling.
process, especially in high temperature and pressure operations, is darkening of the rice and its

consequent effect on consumer acceptability (Luh and Mickus, 1991). A colour change is one of

the major disadvantages in rice parboiling process. Parboiled rice becomes discolored (turns light

( - yellow to amber) due to Maillard type non-enzymatic browning and the di.ffusion of hull and bran

pigments into the endosperm during soaking (Bhattacharya, 2004; Lamberts et al., 2006). The

soaking and steaming turns the colour of grain from chalky white to purplish white. Since most

consumers prefer clear white colour, they tend not to accept parboiled rice that has purple or
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tainted white. But non-parboil rice when milled with machine gives a whitish colour that is

brighter than parboiled rice hence consumers prefer this clear white colour. In Bhattacharya 2004

study, the extent of milled rice discoloration was indicated by whiteness values. Whiteness ranged

18.2 % to 35.9 % for the parboiled, and 41.9 % to 45 % for the non-parboiled samples. Based on

whiteness values, milled parboiled rice color intensity has been classified as: parboiled dark

(whiteness = 16 % to 19.9 %); parboiled medium (whiteness = 20 % to 25.9 %); and parboiled

light (whiteness = 26 % to 31 %) BNSI (2003). In contrast, the color intensity of the

commercially parboiled sample used as reference was equivalent to parboiled dark.

For centuries, parboiling of paddy has been widely followed traditional practice among the people

of India. Pre-milling process of paddy in India continues to be an unorganized sector, wherein the

traditional practices are still being followed (Grist, 1960). Parboiled rice is also produced on

commercial scale in the USA, Italy and British (Mukherjee and Bose, 1981). Thus parboiled rice

is considered nutritionally superior to raw rice among most consumers of rice.

The recent methods involving the use of a hot-water soak at 60°C (below the starch gelatinization

temperature) for a few hours was aimed at reducing the incidence of aflatoxin contamination

during the soaking step. Leaching of nutrients during soaking aggravates the contamination,

especially with the practice of recycling the soaked water. Soaking clean paddy rice in water

inoculated with Aspergillus parasiticus did not result in aflatoxin contamination of parboiled rice

(Yap et ai., 1987). This suggested that contamination probably has to be present in the grain prior

to soaking (Bandara, 1985). The absence of foreign matter (impurities) is an important criterion of

choice for a given milled rice product (Tomlins et ai., 2005). Many previous studies (Ali and

Ojha, 1976; Houssou, 2005; Manful et ai., 2008) have shown that changes in the physical and

cooking properties such as increasing the percentage of head rice through increasing rice grain
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hardness, translucency, swelling and elongation ratio, and reducing stickiness can be achieved by

appropriate parboiling methods. The above grain quality traits increase consumer acceptability of

rice (Correa et al., 2006). Grain appearance is largely determined by the translucency of the

endoderm and this is inversely related to the amount of chalkiness. Though chalkiness partially or

totally disappears upon parboiling and cooking, and as a result may have no direct effect on

cooking and eating qualities, high levels of chalkiness down-grades the physical quality, reduces

milling recovery and can determine whether a particular rice sample attracts a competitive price

on the market (Gayin et al., 2009; Adu-Kwarten et al., 2003, Khush et al., 1979). Endoderm

translucency is enhanced during parboiling mainly due to the pre-gelatinization of its starch

(Kondo, 2006). According to Adu-Kwarten et al. (2003) this trait also greatly influences

consumer preference for parboiled rice. Any white core or centre therefore should be used as an

indication of incomplete parboiling of the grain.

2.1. Parboiling process and the demand for parboiled rice

Parboiled rice accounts for about 15 % of the world's milled rice (Bhattacharya, 2004), and its

market has been increasing especially in industrialized countries (Efferson, 1985). It is the staple

food in southern Asian countries such as India, Sri Lanka, Pakistan, Nepal, and Bangladesh

(Juliano and Hicks, 1996; Bhattacharya, 2004; Roy et al, 2007). For instance, parboiling rice is

commonly done as part of the milling process of rice in India, China, Japan, and most other Asian

countries. It is imported for mass consumption in South Africa, Europe, and the Arabic countries.

Parboiled rice is one of the most popular rice products in Europe that is becoming more

important not only by the fact of improved nutritional value but also by the improved cooking and

processing properties which has industrial advantages. Apart from the nutritional importance of
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parboiled rice there are many attributes which make parboiling attractive. This now puts parboiled

rice to belong to the most popular rice products in Europe including Belgium, Germany, Italy, and

Spain (Efferson, 1985; Bhattacharya, 2004; Fuhlbrugge, 2004; Vegas, 2008). There is also a high

demand for parboiled rice in Saudi Arabia, Turkey, Jamaica, Yemen, Ghana, and Nigeria

(Otegbayo et at, 2001; Bhattacharya, 2004; Tomlins et at, 2005; Vegas, 2008).

The application of different techniques either at the soaking, steaming or drying stage and the

resultant process parameters all will depend on the experience of the processor. At times, the rice

may be hulled, soaked and then steam-cooked but this process does not allow the kernel to swell

during the cooking and the moisture level does not exceed 40 %. The starch granule is cooked

(technically gelatinized), but not allowed to swell. Some even boil the soaked paddy up to 100°C

for typically 1 hour to obtain 80 % gelatinized starch as observed by Priestley, (1976a). Finally

the boiled paddy is sun-dried until the moisture content is reduced to 18 % or less. According to

Marshall et al., (1993) the degree of starch gelatinization is responsible for many of the attributes

of parboiled rice. During the process of gelatinization, amylose molecules leach out of the

micellar network and diffuse into the surrounding aqueous medium outside the granules

(Hermansson and Svegmark, 1996). The granules become fully hydrated, reducing a maximum in

the measured viscosity (Eliasson, 1986). A well gelatinize starch should retrograde when cooled

whereby amylose molecules re-associate with each other and form a tightly packed structure

having uniform colour. When this is well done (maximum gelatinization attained) and there is

continuous heat supply, leaching occurs. The leached materials usually made up of alpha-amylose

molecules and protein leach out of the starch granules network and diffuse into the surrounding

aqueous medium outside the granules. The parboiled rice kernels should be translucent when

wholly gelatinized. This increases the formation of type 3-resistant starch which can act as a
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prebiotic and benefit gut health in humans (Helbig, 2008). Roasting of steeped rice grain at 250°C

for 40 to 60 seconds also results in parboiling, but the product has a softer texture because the

starch is immediately dried without permitting recrystallization or retrogradation of the starch gel,

mainly the amylose fraction. The roasted grain is flattened or flaked with a wooden mortar and

pestle, a roller flaker or an edge runner (Shankara et al., 1984) and then winnowed to remove hull

and germ.

Although the process of parboiling in improving the quality of milled rice is known to an extent

(Juliano et al., 1981; Marshall et al., 1993), the effects of traditional parboiling process in the

northern part of Ghana on physico-chemical and eaten qualities of rice is not yet known.

Joachim (2011) found out that the degrees of gelatinization, the physical, chemical and biological

parameter are of great importance in milled rice quality. The effect of gelatinization on parboiling

makes the grain stronger, which improved milling qualities. One important factor for consumer

preference is physical appearance, in particular, translucency, and this was greatly improved by

using longer hot soaking treatment producing a gelatinization of above 57 % or more. Thus the

purpose of hydrothermal or parboiling process is to generate physical, chemical and organoleptic

changes with corresponding financial, nutritional and practical advantages (Joachim, 2011).

The effect of parboiling on physico-chemical qualities of two local rice varieties in Nigeria was

carried out by Otegbayo et al., (2001). Their results and several others finding sought to vindicate

the numerous advantages in parboiling rice as explained scientifically in the findings of this

investigation. Some of these advantages include dissolution of water soluble substances like

vitamins and mineral salts that migrated towards the endosperm. Crystallization of the gelatinized

starch in a compact mass that facilitate dehusking, inactivation of enzymes and other unwanted

biochemical processes, kills or inactivate pathogenic organisms e.g. Aspergillus spp, removal or

•.. .7
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dilution of poisonous substances deposited by these microbes etc. More commonly, the washing

remove away dirt such as leaves, dead insect parts, soil and other impurities leaving clean grains.

Parboiling also removes cooked rice volatiles including free fatty acids, inactivates enzymes such

as lipase and lipoxygenase, kills the embryo and decomposes some antioxidants (Sowbhagya and

Bhattacharya, 1976). Hence, cooked parboiled rice lacks the volatiles characteristic of freshly

cooked raw rice such as hydrogen sulphide, acetaldehyde and ammonia (Obata and Tanaka,

1965). The volatiles identified were mainly aldehydes and ketones (Tsugita, 1986). Eggum,

Resurrecci6n and Juliano, (1977); Eggum et al., (1984) in their work showed that pressure

parboiling process decreases the true digestibility of rice protein when experimented in growing

rats. However, there is a compensatory increase in biological value such that net protein

utilization is comparable in both raw and parboiled milled rice. Prolonging the pressure parboiling

from 20 to 60 minutes did not further reduce the protein digestibility of rice.
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CHAPTER THREE (3)

3.0 MATERIALS AND METHODOLOGY

Different methods and techniques were employed in order to verify the effect of parboiling on the

physico-chemical properties of the rice. Some of the tools or items used were; A micro mill

(Satake THU-35, Satake Corp; Electronic scale (TE 4101 Sarbrius), Electronic Oven-Wagtech

Britain, a Muffle furnace-Gallenkamp 1100, Moisture meter, Mercury in glass thermometer, a

stop clock and Gas Cooker. The rest were, Fertilizer sack, assorted laboratory flasks, a bucket,

Cooking pots, Soaking/Steaming containers, Cutlery and plates, Drinking cups, Table and Chairs,

a Mesh wire, A flash light, Firewood, Polyetylene bags (black and white), Markers, Polythene

sheets and other laboratory items. The whole work was put into four (4) phases.

3.1.0 Survey on Rice Parboiling Process in Northern Ghana

Phase I of the investigation was to conduct a survey at areas where rice parboiling process is

practiced in Ghana. This was to get an in depth knowledge about parboiling procedures and

practices. The three northern regions were chosen for this study because rice parboiling process is

mostly practiced in these parts of the Ghana. In these areas, parboiling is almost a norm among

some tribes. At recent times, NGOs and other organizations supporting rural women in livelihood

ventures organized some women into groups to undertake rice parboiling as a commercial

business activity. Four (4) districts were selected for this study. They included Tamale metropolis

and Tolon Kumbungu district in the Northern region, Bolgatanga and Wa municipalities in the

Upper East and West regions respectively. One processors group and 15 households were selected

by purposive sampling at each district. Five (5) processor representatives were interviewed from
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each group and one (1) processor from each household, totaling 20 respondents in each district.

Thus a total of 80 respondents were interviewed in all. The individual processors comprised of

those parboiling for commercial gains as well as housewives parboiling for home consumption.

Structured and semi-structured questionnaires were designed and administered to solicit their

responds on how parboiling process is done and the objectives of the practice. Observations were

also made on how they processed the paddy and the steps recorded accordingly. Questions were

asked for clarifications on practices not mentioned during interviews or those mentioned but not

practically done. Photographs of the processes and samples were taken to aid the studies

especially during simulation of process at the laboratory.

3.2.0 Crafting / Fabrication of Parboiling Equipments

Phase II involved designing and fabrication of the parboiling equipments needed to simulate the

processes at the laboratory level. The equipments included; a 205 rrr' cylindrical containers with a

lid of dimensions, 0.3 m diameter and a height of 0.29 m that could contain 6 kg of paddy or more

when soaking. It was designed to fit and sit in the water bath. This cylindrical soaking container

was made from aluminum roofing sheet (Figure la). The base and all joints were well sealed, to

prevent leakage during soaking process. Three steaming containers were also made using

aluminum sheets that would be used to steam the soaked paddy. Each container has a volume of

26.6 m3 consisting 0.23 m diameter and a height of 0.07 m that can take at least 2 kg of paddy or

more. The steaming containers were perforated with holes all over the surface area that would

allow effective vapour circulation (Figure 1b). Each container has a tripod stand that supports the

container and it content at upright position during steaming process. The soaked paddy were filled

on to these perforated containers for steaming. A large cooking vessel or pot of volume 2, 6 51 rrr'

.r
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(0.6 m high and 0.75 m diameter) that could accommodate the three steaming containers was

used. The large vessel with a lid was filled with water to one-third of its volume and boiled to

steam the paddy.

--

Figure 1. a Cont~iner used in soaking paddy rice. lb. Containers for steaming the soaked rice

3.3.0 Parboiling Process in the Laboratory

Phase III of the study involved the simulation of the parboiling processes at the laboratory using

two varieties of rice, Jasmine 85 and Nerica 14. The rice was foundation seed obtained from the

Rice Section of the Savanna Agricultural Research Institute (SARI) at Nyankpala.

The simulation process was done according to the improved parboiling procedure. First 6 kg each

of Nerica 14 and Jasmine 85 was weighed on to a basin and clean water is added. The submerged

paddy was washed by stirring the content vigorously for debris and other immature seeds to float.

The floating debris was skimmed off. Sand and stones settled at the bottom of container, and were

separated by scooping the paddy. This was repeated three times (3x) in order to get rid of foreign
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materials. The soaking container was filled with water to 1h of its full and placed on a

thermostatic water bath. The water bath was set to 40°C and its warms the container and its

content to that temperature. The cleaned paddy was then steeped into the warm water on the

soaking container. Five grams (5 g) of the paddy was weighed and wrapped in a piece of cloth

and immersed into the centre of the soaking container. The content was left to soak in the warm

water till the required time period of 6, 20, 24 and 36 hours respectively (Figure 2a). The water

bath maintained the temperature of the content to ensure that the paddy was soaked in warm water

for the required time period. After the soaking period, the paddy was drained off the excess water

and it is ready for steaming. The saturated moisture content from each soaking period was gotten

by simply taking and weighing the initial 5 g sample that was wrapped on a piece of cloth now

. The rnoi . I I d . h +: I Mw - Dw 100 WhmOISt. e moisture content IS ca cu ate using t e rormu a: x. ere mw = wet
Mw

weight and Dw = Dry weight.

The steaming was done using the perforated steaming containers where the soaked paddy was

divided into 2 kg each and poured onto the three steaming containers and covered with lids. The

lids of each steaming containers has two small holes. At one hole, a graduated stick was passed

through till it touches the surface of the paddy. The other opening is where a Mercury-in-glass

thermometer was inserted to take gelatinization temperature readings. A large cooking vessel that

can house the three steaming containers is filled with water to one-quarter (1/4) of it volume and

boiled till 100°C. The three steaming containers filled with the moist paddy are placed on the
.,.. -

boiling water of the cooking vessel. They were made to stand on the boiling water on the tripod

stands making sure the water does not touch the paddy (Figure 2b). Jute sacks were used to cover

the content before the lid of the cooking vessel was put on (Figure 5). The boiling continued till

the stipulated steaming time (40, 60 and 90 min.) and one container was removed.
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Since the steaming containers are sitting on tripod stands, the paddy was not in direct contact with

steaming process was read from the graduated stick. Thus the on-set temperature, peak

the boiling water except vapour. The steam from the boiling water rose and entered the containers

through the perforated holes to steam the contents. As the rice got steamed, it expands thereby

pushing the graduated stick out through the slit. The increased in volume as the rice swell at the

temperature and conclusion temperature could be noted and recorded. At 40 minutes one

container was removed and it content poured out to dry. Then at time 60 minutes the second

container was removed and the last one was taken out at 90 minutes time. The same steaming

procedure was followed for paddy soaked at 6, 20, 24 and 36 hours for the two varieties, Nerica

14 and Jasmine 85. Each variety gave 12 samples from the soaking and steaming time

combinations. Thus the two varieties gave a sum of 24 samples. The whole experiment was

repeated twice to get a total of 48 samples. The two varieties were given to Lolandi Rice

Processing Centre at Tamale for parboiling according to their conventional (normal) processes,

resulting in two samples from them. Then control (non-parboiled) samples were taken from each

variety which also gave two (2) samples that added up to 52 samples in all. All samples were

dried, packaged and labeled appropriately for milling.
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Fig. 2a Water bath used to provide warm temperature b. Steaming containers sitting in a steaming pot
during soaking

C. Steaming pot on fire covered to house the steaming containers with soaked paddy

3.4.0 Milling Process

The milling was done in order to determine the physical, nutritional and cooking characteristics of

the parboiled rice. The milling was done at Ashaiman Irrigation Project site at Ashaiman, near

Tema in the Greater Accra Region using a micro mill (Satake THU-35, Satake Corp., Hiroshima,

Japan, showed in figure 3. Before milling, the samples were dried and or adjusted to equilibrium
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moisture content of approximately 15 %±I using a moisture meter. This was to ensure that any

difference arising from the milled rice is not caused by differences in moisture content of

samples. Each sample was milled separately. The husk and milled rice were collected and labeled

accordingly. Then halve of the milled rice was polished to get polished rice and bran, also labeled

accordingly.

Figure 3: The micro-mill (Satake THU-35, Satake Corp., Hiroshima, Japan) used to mill the rice
samples. Courtesy Ashiaman irrigation Project, Ashaiman, Greater Accra.

3.5.0 Determination oh f Physico-chemical Properties of the Rice (Analysis).

The last stage (phase IV) of this research involves the analyses or the determination and

r: -
evaluation of physical, nutritional and cooked qualities of rice samples taken from various

parboiling levels. The cooking and nutritional aspect was analyzed in the laboratory while the

physical and eating/sensory attributes were determined partly at the laboratory and outside the

laboratory. Physico-chemical attributes that were determined included; Husking efficiency

(Milling quality), Head Rice Yield (HRY), Broken Percentage, Colour, Translucency,
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Gelatinization temperature and Hardness of kernels. Protein, carbohydrate, Fat and Lipid, Fibre

and Ash content were also assessed. Cooking/sensory characteristics assessed were; Time taken to

cook, Water uptake ratio, Volume expansion rate and Percentage Leached materials, Taste,

Chewiness, Stickiness, Adhesiveness and Cohesiveness.

3.6.0 Determination of Physical Attributes of Parboiled Rice

The milled rice were evaluated for qualities such as milling quality, head rice yield, percentage

broken, gelatinization and kernel hardness.

3.6.1 Husking Efficiency (Milling Recovery/milling quality)

Milling recovery was assessed by drying parboiled rice to equilibrium moisture content before

each sample was weighed 1.5 kg and milled. The milled grains were collected and weighed. The

milling quality (recovery) percentage was calculated according to IRRI method (IRRI, 2002) as;

M'll' Q n ( ) Wt of milled grains X 100
1 mg ua ity recovery =

Paddy samples weight

3.6.2 Head Rice Yield (HRY)

Head rice yield is those milled rice kernels with length greater or equal to three quarters of the

average length of the whole kernels. Head rice yield was determined following IRRI (2002)

method. All grains that are three quarter or longer of the rice grain are considered as head yield

rice. The number of head rice yield (head yield rice ratio %) was calculated as;

HYR (%) = Weight of wholesome grains X 100
Wieght of paddy Sample

29

www.udsspace.uds.edu.gh 

 

 

 

 



This is milled rice with length less than three quarters of the average length of the whole kernel

i.e. the husked rice. This was calculated by using the IRRI method CIRRI, 2002) as;

3.6.3 Broken Percentage

k (0) Wt at broken grains 100Bra en Yo = x .
Wt at paddy sample

3.6.4 Colour

BNSI (2003) method was modified to determine the colour intensity (whiteness value) of the

parboiled rice. By means of visual inspection, the colour of the rice samples was compared to

white polished rice that is usually preferred by consumers. The polished rice was rated 100 %

white and the treatment samples were related to it and score accordingly as follows; 10-24 % was

considered dark or ash-white; 25-44 % was milk white; 45-64 % was paper white; 65-80 % was

chalky white, 81-100 % was polished rice white.

3.6.5 Level of Gelatinisation (Translucency)

Translucency was determined by adopting and modifying Cagampang et al., (1973) method as

follows; Firstly, women who are into commercial retail business of parboiled rice were made to

visually examine and rank the samples according to the degree of gelatinization and give a score

from 40 -100 %. Well gelatinized rice of highly translucent giving a glazier outlook was ranked
r-

90 % - 100 %. Those samples with very few grains with opaque spot or dot on them were scored

70 % - 80 %. Samples with several grains having single opaque spots on them were scored 60 % -

69 %. Those that have lot of kernels with common opaque spots or chalky grains were given a

score of 45-59 %. While those samples having several grains with no translucent spots on them at
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all were scored of 0-44 % meaning poor gelatinization. This was confirmed by spreading grains

on a white polythene sheet. A flash light was passed through the polythene sheet and the

transparency of the grains was determined. Rice that was well-gelatinized has complete

illumination of the light. Those with few opaque spots or white belly were better gelatinized

hence the few or absence of opaque spots. When light was flashed on such rice, the dark spots or

the opaque spots were noticed. Those grains with several white core spots (chalky spots) up to

half the grain length or more has less transparency and therefore cast shadow or gave a dark spots

at where light rays could not pass through. While those with more un-gelatinized grains than the

gelatinized grains casted a dark shadow as the light rays could not illuminate through them (low

transparency). This measurement was repeated three times (3x) and the average values taken.

3.6.6 Maximum Steaming temperature

The maximum steaming temperatures here referred to the temperature at which the starch in the

grains becomes fully gelatinized. Gelatinization temperature was taken by inserting a mercury-in-

glass thermometer into the center of the parboiled rice during the steaming process. When time

was up and a steaming container removed from the steaming pot, the thermometer reading was

quickly taken to get the corresponding gelatinization temperature of that sample. This

measurement was taken twice and the mean value computed to get the maximum steaming

temperatures for the different parboiling levels.

'Y-

3.7.0 Determination of Cooking/Sensory Characteristics of the parboiled Rice

Cooking and eating (sensory) qualities determined included cook time, taste, water absorption

rate, volume expansion rate, chewiness (softness), stickiness and adhesive/cohesiveness
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3.7.1 Time taken to cook

The relative time taken to cook of each sample was determined as described by Sareepuang et al.,

(2008). Ten (10) ml of fresh clean water was boiled in separate pots to 100°C. The various

samples were weighed 150 grams and each put into the boiling water and cooked. After 5 minutes

and subsequently at two minutes interval a few grains are removed and mashed between the

thumb and finger to see if cooked. Time taken for each sample to get cooked was recorded. This

.....r was done twice to get the average cooking time period.

3.7.2 Taste evaluation

The cooked samples had no ingredient added, except salt. Seven (7) semi trained panel were made

to taste each cooked sample and to score the taste characteristics of each treatment on a scale of

10 -100 %. The scale was; no taste: 10-45 %, somehow tasty: 50-79 %, tasty: 80-90 %, and very

tasty: 95-100 %. All those samples that scored very tasty and tasty were compared again to get the

tastiest sample from each treatment. All samples that pass the test within the treatment level (intra

treatments) were compared between treatment (inter treatment) to get the best ones out. At the end

all parameters tested were related to the soaking and steaming periods to identify the best

soaking/steaming combination.

r
/'

3.7.3 Water Uptake Ratio

Water uptake or absorption rate is the increase in volume (w/w) of the kernels after cooking. Ten

(10) ml of distilled water was used to cook the rice samples. Whenever the water in any pot

drained off, a plastic bottle of pure water is quizzed to add two (2) ml of water to the cooking rice.

This was done till the rice can no longer absorb more water. Excess water is drained off and the
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Weight of cooked rice -Weight of raw rice X 100Water Uptake ratio (%) = ----=::...-----------'''------
Weight of raw rice

final weight was taken. The difference in weight is the ratio of water absorbed by the rice which is

expressed according to Abulude (2004) as;

3.7.4 Volumetric Expansion

Volume expansion is the increase in mass (v/v) of the cooked rice. An initial weight of 150 g of

rice was measured into a graduated cylinder and the volume noted. After cooking the rice was

transferred onto the graduated cylinder and the increase in volume recorded. This was repeated

twice and the average value was determined according to Abulude (2004) method.

. V2 - Vi
Vol. Expansion (%) = X 100 Where VI = Initial volume and V2 = Final volume

Vi

3.7.5 Grain Hardness

Grain hardness is the ability of the parboiled rice to withstand external force and do not easily

break when applied to it. This parameter was determined by modifying Fofana et al., (2011)

procedure. Hundred (100) grains (kernels) were counted and filled a bottle cork, then placed

under a screw press. Each 360° turn of the screw press apply approximately a pressure of 170 pa

on a crown cork filled with 100 kernels. One complete turn was made to press the 100 kernel

heads and the number of grains crushed and the extent to which it pulverized the kernels into fine

particles gave an indication of the level of resistance of the grain (hardness). This was repeated

five (5) times to obtain an average hardness score. Hardness was calculated as;

(0/) d No.of grains exposed - No. crushed
/0 Har ness = X 100

Total No.of grains exposed
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3.7.6 Leached Materials

This is the amount of solutes dislodged from the kernels onto the boiling water during cooking

processes. Sareepuang K. et al., (2008) method was modified as follows; hundred grams (100 g)

of rice was weighed from each sample and cooked. 250 ml of water was used to do the cooking so

that not all can be absorbed by the rice. The excess water was drained off the cooked rice and

used to assess the level of leached materials. The left over water (broth) was assessed visually to

see how turbid it was. Where the cooked rice dissolved or leached out lot of solutes onto the

cooking water, it looks thick and turbid. Less leached materials will give light and somewhat clear

liquid. This was scored on a scale as; 1-3 being little or minimal leaching, 4- 5 as moderate

leaching, 6-7 as highly leached. This was repeated twice and the average leached value taken.

. . Scored Value
Percentage Leached matenals was expressed m percentages as = X 100.

Wt of Sample

3.7.7 Chewiness/Softness

Chewiness (softness) is the relative ease at which the cooked grains are mashed between the

lower and upper jaws when eating. Chanintorn and Jean-Francois (2000) method was modified to

assess chewiness/softness as follows; the cooked rice was served to a panel of 7 people who were

semi-trained. Softness was evaluated by taken the first few bites of the sample between molars

and evaluating the force required to bite through. They each bite and ranked the various samples

from soft to hard in terms of force required to break through grains and scored on a scale of 1-4.

The scores were 1.0 - 1.5 being very hard to chew; 1.6 - 2.0 as moderate hard; 2.1 - 2.5 as soft to

chew and 2.6 - 3.0 as very soft to chew. The values were expressed into percentages as;

. Score
% Chewmess/Softness = -- X 100.100
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3.7.8 Stickiness

Cooked rice stickiness is the ability of the rice starch to stick to the upper and a lower jaw as it is

mashed during chewing. Stickiness was determined by Pamsakhom and Noomhorm (2008)

procedure. A semi-trained panel of seven (7) people who chew the cooked rice and gave their

impression about how the mashed starch holds their upper and lower jaws together and scored on

a scale of 1-5 as no stickiness to very strong level of stickiness. Very strong attraction will score

4-5, moderate attraction scores 2-3.9 and no stickiness was scored 1-1.9. This was repeated

twice and the mean stickiness values determined and recorded.

3.7.9 Adhesiveness and Cohesiveness

The adhesiveness and cohesiveness of the rice was determined by looking at the lumpiness' of

individual grains when cooked. Rice that produced thick, viscous or mucus water after cooking

adhere to each other in lumps and stuck to object they came into contact with. The Chanintom

and Jean-Francois (2000) method was modified as follows; a ladle was used to fetch the cooked

rice and poured onto a plate. The extent to which the cooked rice fell out from the ladle and

separate into individual grains on the plate was noted. A score of 10-20 % meaning little or no

cohesiveness and adhesiveness was given to grains that will separate into individual grains with

lumps of 2-5 grains only. Such rice will fell out without adhering to the ladle. Those that have

moderate cohesion and adhesion force were rice that had 8 - 20 grains forming lumps and these

were scored 21-30 %. About thirty one to forty percent (31-40 %) adhesion/cohesion was rice

that had lumps constituting 25-40 grains stuck together. A score of 40 %+ are the highly cohesive

and adhesive rice when cooked since more than 40 individual grains could stuck together to form

a lump.

r
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3.8.0 Nutrient Analysis

This aspect involves the extraction and analysis for nutrients content in the parboiled rice. Some

of the nutrients analyzed for included; Crude Protein content, total carbohydrate, crude fibre, total

lipids and ash content.

The Kjeldahl method was employed to determine the total nitrogen and the crude protein (N X

5.95) (AOAC, 2002). Ash contents (gravimetric) were determined based on methods outlined in

AOAC (2002). Dietary fiber was estimated using the method of Deepa et al. (Deepa, et al., 2007).

Fat was determined gravimetrically after soxhlet extraction with petroleum ether (40 - 60 grades)

and subsequently evaporated to dryness on the steam bath (AOAC, 1990).

3.8.1 Moisture Content

Moisture content was determined by the method of the Association of Official Analytical

Chemists' (AOAC, 1984). Ten grams (10 g) of samples were used instead of the 5 g in the AOAC

methodology in order to increase precision. The increased sample size gave whole figures on the

weighing scale and this ease the calculation thus increasing precision. The loss in weight

expressed as a percentage of the initial weight of sample gave the percent moisture content using,

the formula;
. (weight of wet sample - weight of dry sample)

% MOIsture= x 100
Weight of wet sample

r 3.8.2 Crude Protein

Crude protein was determined by the Kjedahl method of the Association of Official Analytical

Chemists' (AOAC, 2002) except quantities that were up scaled 2 times. This was to make sure

sizeable parametric values are obtained from each sample analyzed. Five grams (5.0 g) of each
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samples was used for the determination. And 1 g of selenium catalyst, 50 ml of concentrated

H
2
S0

4
, 50 ml of 2 % boric acid, and 40 ml of bromocresol green. The other reagents were 8 ml of

methyl red solution, 30 ml of 40 % NaOH solution added at the combustion chamber. Twenty

(20) ml of digested sample, with 0.2 N HCl solutions used to titrate. The percent total nitrogen

. (100 x (VA-VB) x N x 0.01401) 00
and crude protein were calculated as; % Total NItrogen = x 1

lW

Where VA = volume (ml) of HCl used in the sample titration

VB= volume (ml) of HCl used in the blank titration

N = Normality of HCl

W = weight of sample (g)

% Crude protein = % nitrogen x 6.25

3.8.3 Total Carbohydrate

Total percentage carbohydrate was determined by the difference method as reported by Onyeike

et al., (1995). Total values of crude protein, crude fat, crude fibre, ash constituents and moisture
,

of the sample were used to get total carbohydrate content. The value obtained is the percentage

carbohydrate content of the sample. The formula used to calculate percentage carbohydrate was;

Total Carbohydrate % = 100 - (% moisture + % ash + protein + % fat + % fibre)

3.8.4 Fat (Lipids)

Crude fat was determined based on the Sohxlet extraction method of AOAC (1990) with little

variations in quantities of samples and extraction reagents. The oven (Gallenkamp, model OV

880, England) was used to dry a 250 ml round bottom flask at 105°C for 25 minutes and cool to
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room temperature before weighed. Two grams (2.0 g) of each the samples was used in the Lipid

determination. An extraction column with the condenser connector was also used to trap

evaporated solvent and condense it. Two hundred milliliters (200 mL) of the extracting solvent

petroleum ether was used in the extraction process. The distillate (fat and residual) was placed on

a water bath to evaporate the solvent followed by drying in an oven (Gallenkamp, model OV 880,

England) at 105°C for 30 minutes for complete evaporation of the solvent. A desiccator was used

to cool the fat before weighing. The fat obtained was expressed as a percentage of the initial

weight of fat
weight of the sample using the formula; % Crude fat = x 100

Weight of sample

3.8.5 Ash content

Ash was determined by the method of the Association of Official Analytical Chemists' (AOAC,

1990). Five grams (5.0 g) of each sample was used. A porcelain crucible, a Muffle furnace

(Muffle furnace size 2, England and a dessicator were used. The weight of the ash was expressed

as a percentage ofthe initial weight of the sample using the formula;

weight of ash
% Ash = x 100

Weight of sample

3.8.6 Crude Fibre

Crude fibre was determined by the method of the Association of Official Analytical Chemists'

(AOAC, 1990) procedure with little modification according to the equipment at my disposal. The

residues of crude fat determination from each of the samples were reserved for this purpose. The

defatted sample was put into a 1000 ml Erlenmeyer flask and added 1.0 g of asbestos. 100 ml of

H2S04 was used to digest the defatted samples. A burs en burner was used to heat a plate and the
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flask with it content. A condenser was connected to it. After boiling the content was filtered using

a linen cloth onto a funnel. It was washed with hot water till all the acid is removed. The content

was boiled again in a flask with 200 ml of 1.25 % NaOH. It was taken through the same process

again before it's washed of the alkaline completely. The residue then transferred to a clean

crucible with a spatula. Fifteen (15) ml of 80 % ethanol was used to wash off completely

remaining particle onto the crucible. An oven (Gallenkamp, Model OV 880, England) was used to

dry the residues and a desiccator used to cool the residues. The weight was taken before the next

step. A Muffle furnace (Muffle furnace size 2, England) was used to ignite the residue before

cooled and weighed. The loss in weight gave the crude fibre content and was expressed as a

percentage of the initial weight of the sample using the formulae below.

((wt.of crucible + sample before ignition) - (wt.of crucible + ash))
% Crude fibre x l 00

Weight offresh sample

3.9.0 Researcli Design and Analysis

means were identified at 5 % using z- score test. The results interpreted and presented on tables,

The experiment was carried out using a completely randomized 2 X 4 X 3 factorial design, with

cultivar (Jasmine 85 and Nerica 14) and parboiling conditions (soaking times of 6, 20, 24 and 36

hrs against steaming time of 40, 60 and 90 minutes) as main factors. The experiment was

replicated twice. The data was analysed to see the level of deviation from normalcy and an

analysis of variance (ANOV A) performed to evaluate the effects of the 3 factors and their

interactions using teaching edition version (GENSTAT VSN international). Significantly different

charts, figures
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CHAPTE FOUR (4)

4.0 RESULTS/OUTCOMES

The results/outcome of this work shall be outlined in three folds. Each fold depicts an outcome or

results at each stages of the study. These are, outcome of the preliminary survey conducted in the

three Northern regions of Ghana. Results from the simulation parboiling process at the laboratory,

and results of the laboratory extraction and analysis of the physico-chemical properties of the rice.

4.1.0 Results on the Research Survey

The results from the survey gave an insight as to how parboiling processes are carried out as well

as how processors understood the principles and reasons behind their activities.

4.1.1 Background of Respondents

The survey revealed that (100 %) of the people engaged in rice parboiling process for both

commercial and horne consumption are females (members of the four parboiling groups were all

females, likewise the individual processors) (Table 1). The only activity in the parboiling pro~ess

that men do is to operate the milling machine. And if a processors' group own one, a male is hired

to operate such a milling machine on their behalf. For now men are not directly involved in paddy

rice parboiling process in the three Northern regions of Ghana. The age of these respondents

ranged from 25 - 60 years. A lot of them (52.5 %) however were within 46 - 60 years bracket

(Table 1). It is therefore clear from the table that more elderly women (46 - 60 years bracket)

were in to the practices than the young (25 - 45 years) bracket. Also, there were relatively more

young women among the processing groups than those who were individual processors.
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Table 1: Sex range and Age of Rice Processors in the Studied Areas.

4.1.2 Educational Status

The study also revealed that majority (70 %+) of them do not have formal education. Only 13

(16.25 %) of respondents have had primary or elementary education, and 8 (10 %) had secondary

education. As showed in the table below only 2 (2.5 %) of them attempted tertiary education.

District/Metropolis Sex Age
*Respondents 18-35 36-45 46-60

Bolga Municipal 20 (25) 1 (5) 8 (40) 11 (55)

Tamale metro 20 (25) 4 (20) 7 (35) 9 (45)

Tolon Kumbungu 20 (25) 2 (10) 6 (30) 12 (60)

Wa Municipal 20 (25) 3 (15) 7 (35) 10 (50)

Total 80 (100) 10(12.5) 28(35) 42(52.5)
Values in brackets are percentages. *All respondents were females.

Table 2: Educational Status of Rice Processors in the Studied Areas.
,

Educational status of respondents

DistrictlMetropolis No Formal Basic Education Secondary Tertiary

Bolga Municipal 12 (60) 4 (20) 3 (15) 1 (5)

Tamale Metropolis 14 (70) 3 (15) 1 (5)

Tolon Kumbungu 16 (80) 2 (10)
2(10)

0(0)2(10)
Wa Municipal 15 (75) 4 (20) 1 (5) 0(0)

Total 57 (71.25) 13 (16.25) 8 (10) 2 (2.5)
Figures in brackets are percentages
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4.1.3 Processors Reasons/Advantages for Parboiling

A number of reasons were given by the respondents for undertaking rice parboiling. The reasons

were; easy milling, better pricing (marketability), easy cooking and for quality head rice yield.

Eighty five percent (85 %) of them mentioned easy milling as the main reason why they parboiled

their paddy rice. Marketability (better pricing) was next with 64 % as reason for parboiling

(Figure 4). About 43 % mentioned easy cooking. According to them, parboiled rice took less time

to cook and little attention is paid to parboiled rice when cooking as compared to straight-milled

rice. Thus parboiled rice is easy to cook than straight-milled rice. Few of them (3 %) basically

from the group processors mentioned taste improvement as a reason for parboiling while 5 % of

them knew hygienic product as an advantage. None of them (0 %) knew of nutritional

improvement as advantages of parboiling (Figure 4).
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Figure 4: Reason/Advantages of parboiling as given by processors in the three Northern
Regions of Ghana
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4.1.4 Processors and Type of Methodology used

According to the outcome of the survey, there are traditional and improved methodologies of

parboiling paddy rice. The diagrams below depict a typical traditional and improved parboiling

procedures followed during paddy rice processing in the three Northern Regions of Ghana.

Paddy Rice

Water,bigcontainers
•••

Cleaning (washing,
removal of debris etc.)

Water cookingDotsfire

Soaking in warm water
for 18-24 hrs

~ note; fire

Steaming
(Vapour heating)

Sunshine,drywind

Drying

Mechanicallvmillinz/winnowinz to re
r

Milling

Sorting/grading, packaging
•••

Sorting/Grading according
to aualitv

Packazinz. Advertisinz

Ready for sale/cooking

Paddy rice

Soaking in cold or
warm water (18-36 hrs)

Boiling

Drying

movehusk

Milling

Ready for sale
/cookinz

Figure 5 b. General steps of Traditional
methodology of parboiling process.Figure 5 a. Steps of improved methodology of parboiling

paddy rice.
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Traditional methodology is where the paddy is boiled in hot water and left to soak overnight

(about 18-36 hours) before steaming. This soaking process always almost cooks the paddy since

heating was to a high temperature. Then at the steaming stage, high volume of water (as much as

the quantity used during the soaking process) will be used to steam the rice. This end up cooking

the rice since it gets boiled instead of steaming. The improved methodology which was an

improvement of the traditional procedure is where the paddy was taken through cleaning

operations like washing, sieving, and separation of debris, immature seeds, de-stoning etc before

soaking in warm water. The water was only warm not hot to cook the paddy as in the case of

traditional methodology. Also, little water was used to steam the soaked paddy as against much

water used in traditional methodology. In this way only those paddies lying at the base of

steaming container get cooked under improved methodology as opposed to the traditional

methodology where the entire content could get cooked. Majority of the respondents interviewed

used the traditional way of parboiling paddy rice (Table 3). Almost all the individual processors

(65 %) who process for either home consumption or commercial purposes used the traditional

methodology while all group processors practiced the improved methodology. Only 10 % of

individual processors practiced the improved procedure of parboiling (Table 3).

Table 3: Category of processors and type of methodology used.
Type of Methodology Used
Traditional

Category of Processors Method Improved Method

Organised Group Processors 0(0 %) 20 (25 %)

Individual Processors
(Domestic Consumption) 28 (35 %) 0(0 %)

Individual Processors
(Commercial) 24 (30 %) 8 (10 %)

Total 52 (65 %) 28 (35 %)
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4.2.0 Results on Simulation of Parboiling Processes

The survey also led to the crafting/fabrication of parboiling equipments suitable for the processes.

The perforated steaming containers enable only vapour to steam content without any contact

between soaked paddy and boiling water as in the case of traditional parboiling process. These

crafted containers were used to simulate parboiling processes at the laboratory using Jasmine 85

and Nerica 14 rice varieties.

The results from the parboiling simulation process yielded 48 samples according to the different

soaking and steaming time combinations taken in two replicates. Two conventional parboiled

samples as checks and two control samples were taken and added to get 52 samples in all. Data

were collected on soaking/steaming times, saturation moisture levels, steaming temperatures,

gelatinization points and milling equilibrium moisture content. The samples were then analysed

for the remaining parameters of interest.

4.3.0 Results on the Physico-chemical Properties of the Rice

The analysis showed that both soaking time and steaming time have an influence on the final

quality of rice produced. The physical, nutritional, cooking and eating qualities of the rice were

assessed according to the combinations of the soaking and steaming time periods of the two

varieties. In most cases for both varieties, 60 - 90 minutes steamed rice produced the same level

of quality characteristics, whereas steaming for 40 minutes have a different effect especially on 20

and 24 hours of soaking. Also, soaking for the periods of 20 and 24 hrs have yielded same quality

attributes whereas soaking for 6 and 36 hrs have varied effects on the final product. However the

effect of steaming was observed to be more than that of soaking. Also, the levels of leached

materials are higher for long period of soaked rice than for the short soaking periods.
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4 .3.1 Results of Proximate Nutrient Composition in Rice

The nutritional compositions of parboiled and the control rice are presented in Table 4 below.

Table 4. Proximate nutrients composition in rice as affected by different soaking/steaming
levels.
Variety Soaking Steaming Crude Total Crude Total Ash Moisture

period Period protein Carbohydrate Fibre Lipids Content Content
(hrs) (min.) (%) (%) (%) (%) (%) (%)

Jasmin 85 40 5.9 ±O.3b 68.4 ±2.5b 2.7 ±O.2a 2.3 ±0.1 c 1.7 ±O.lc 58.0 ±2.0a
6 60 5.8 ±O.2a 65.l ±3.4c 2.6 ±0.7a 2.6 ±0.1 b

b1.9 ±OA
90 5.8 ±0.3c 64.2 ±3.0c 2.4 ±O.4a 2.4 ±0.1 c 1.9 ±0.6b

40 5.8 ±O.4b 62.2 ±3.7c 2.6 ±0.8a 2.5 ±0.5b 1.7 ±0.4c 80.0 ±1.0a
20 60 5.7 ±O.lb 61.4 ±3.5c 2.5 ±0.8a 2.7 ±0.6b 1.7 ±0.2c

90 5.6 ±0.2c 59.3 ±2.1 d 2.5 ±1.5a 3.4 ±0.1 a 2.0 ±0.3b

40 5.7 ±O.4c 57.1 ±3.4d 2.6 ±0.6a 3.2 ±O.4a 2.2 ±0.3a 80.8 ±0.7a
24 60 5.5 ±O.2b 62.5 ±2.6c 2.3 ±0.6a 3.1 ±0.1 a 1.9 ±0.3b

90 5.5 ±0.1 c 62.6 ±2.6c 2.3 ±0.1 a 3.1 ±0.6a 2.2 ±0.4a

40 5.6 ±O.3b 67.4 ±2.4c 2.6 ±0.5" 2.7 ±0.6b 2.2 ±O.la 88.5 ±2.1a
36 60 5.5 ±OS 61.6 ±IS 2.3 ±O.2a 2.7 ±0.1 b 1.9 ±O.lb

90 5.4 ±0.2c 62.1 ±3.3c 2.4 ±0.1 a 3.0 ±O.Oa 2.3 ±0.3a

18-20(hi) SiO 5.7 ±O.3c 65.3 ±2.8c 2.6 ±0.7a 2.7 ±0.3b 2.0 ±0.2b 70.5 ±2.1 b

0 0 6.0 ±O.lb 70.3 ±O.4a 2.4 ±0.8a 2.9 ±0.5" b2.0 ±OA 20.5 ±0.7c
Nerica 14 40 5.9 ±O.lb 6l.0 ±3.6c 2.7 ±0.2a 3.2 ±O.la 1.9 ±OAb

6 60 5.6 ±0.8b 63.8 ±1.9c 2.7 ±0.8a 3.3 ±O.Oa 2.2 ±0.2a 65.0 ±l.4a
90 5.7 ±O.lb 61.5 ±1.7c 2.3 ±0.2a 2.3 ±OS b2.0 ±OA
40 5.9 ±O.2a 62.5 ±1.7c 2.5 ±O.4a 2.3 ±O.2c 1.9 ±0.6b

20 60 5.8 ±O.4c 62.0 ±2.4c 2.7 ±0.9a 2.6 ±0.6b 2.2 ±0.2a , 82.0 ± l.4a
90 5.6 ±OS 60.2 ±2.8c 2.8 ±0.6a 2.9 ±O.4a 2.2 ±O.la

40 5.8 ±O.3c 56.6 ±2.8d 2.3 ±0.6a 3.1 ±O.3a 1.8 ±0.6b

24 60 5.6 ±O.lc 55.9 ±1.5d 2.3 ±0.3a 3.2 ±0.1 a 1.9 ±0.3b
82.5 ±2.8a

90 5.6 ±O.4a 56.8 ±2.8d 2.9 ±0.7a 3.1 ±O.Oa 2.1 .±0.2a

40 5.7 ±0.6b 57.6 ±2.5d 2.9 ±l.la 2.2 ±1.0c 2.2 ±O.la

36 60 5.5 ±O.3b 59.2 ±l.9d 2.l ±O.3a 3.5 ±0.2a 1.7 ±0.2c
90.0 ±3.5a

90 5.4 ±O.4b 56.7 ±1.6d 2.5 ±0.5" 2.5 ±0.8b 2.3 ±O.la

18-20(hi) SiO 5.9 ±0.7b 65.3 ±3.5c 2.8 ±l.la 2.7 ±0.5b 2.3 ±0.2a 80.0 ±l.4b

0 0 6.2 ±O.4a 69.5 ±0.7b 2.9 ±0.8a 2.8 ±O.4b 2.3 ±OAa 21.0±2.7c

Means ± standard deviations of2 replicates, within a column having the same letter(s) as superscript are not significantly
different at 5% level based on z- significant differences test ( Z= X-U)

SD
* 0 = control; J8-20(hi) SiO = conventional parboiling by women used as check
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The moisture content at the various soaking periods was taken to assess the level of saturation

after each soaking period. The saturated moisture content ranges from 58 % - 90 % for the four

/
»:

different soaking levels (Table 4). The longer the soaking time, the more moisture been absorbed

by the grain. For example, soaking for 6 hours gave a less moisture content (58 %) of the soaked

paddy, whereas soaking for 20,24 and 36 hours gave higher moisture content levels of 80 %, 80.8

% and 88 % respectively of Jasmine 85 variety. The saturated moisture content of Nerica 14

variety soaked for 6, 20, 24 and 36 hours were 65 %, 82 %, 82.5% and 90 % respectively. Nerica

14 variety absorbed more water at all levels of soaking (6, 20, 24 and 36 hours) than Jasmine 85

variety (Figure 6). Example, at 6 hours of soaking, Nerica 14 moisture level was 65 % as against

58 % for Jasmine 85 and after 36 hours of soaking, Nerica 14 moisture level rose to 90 % against

88 % in Jasmine 85 variety (Table 4). The traditional parboiled sample (18-20 hi- siO) by women

was added as a check and in all parameters determined, it gave values close to the values gotten

from the 20/24 hours soaked; 60 minutes steaming.
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Figure 6. Saturated moisture levels of J85 and N14 varieties at different soaking periods.
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Crude protein was found to be significantly different (p<0.05) between the two varieties as well

as variety/soaking/steaming interactions. Crude protein values ranged from 5.4 % to 6.2 % (Table

4). The crude protein level was higher for the control (6.2 %), followed by the mild parboiled rice

(6 hrs soaking; 40 minutes steamed) of 5.9 %. Crude protein level kept on reducing as soaking

and steaming times increases (Table 4). Figure 7 shows proximate crude protein content in the

various parboiled rice samples.
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c: 5.8
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c:
8 5.6
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Figure 7 Proximate crude protein levels at the various parboiling conditions (soaking/steaming
time combinations)

5
1\

In figure 7 above, the control (hOsO) crude protein levels of both Jasmine 85 and Nerica 14

"

varieties were higher (6.0 % arid 6.2 % respectively) than the rest followed 6 hours soaking (5.9
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parboiling (36 hours soaking; 90 minutes steaming) produce rice with the least protein levels of 5.4 %.

Also the 40 minutes steamed rice (s40) gave higher protein levels than 60 minutes steaming (s60) and

this in turn gave high protein content than 90 minutes (s90) steaming (Figure 7).

Minimum Carbohydrate content was 57.1 % and 55.9 % while maximum values were 70.3 % and 69.5

% for Jasmine 85 and Nerica 14 respectively (Table 4). In both varieties, the maximum values came

from the none-parboiled samples while the lower values came from the severe or over parboiled rice

(36 hrs soaked; 90 minutes steamed). Varietal differences together with soaking/steaming time

variations showed significance on carbohydrate at the ANOV A table (Table 9). The control samples

have a significant high carbohydrate content of 70.3 % followed by 6 hours soaking; 40 minutes

steaming with 68.4 %.

Crude fibre values ranges from 2.0 % to 2.9 % showing no significant difference (p>0.05) amongst the

treated samples except between varieties (Table 9).

On total lipids content, the variety, soaking time, steaming time, soaking/steaming interactions as well

as variety/soaking/steaming interactions all gave significant differences (p<0.05) in lipids content on

the Table 9. For example, in Table 4, the 20 hrs soaking with 90 minutes steaming showed a high total

lipid value of3.4 % against the 6 hrs soaking; 40 minutes steamed rice of2.3 %. In Nerica 14 variety,

the total lipids range from 2.2 % to 3.5 % which were significantly different from each other. Also

there were significant differences (p<0.05) on variety, soaking/steaming interaction and

variety/soaking/steaming interactions on ash content as indicated in Table 9. The mean values for ash

content ranges from 1.7 % to 2.3 % as showed in Table 4.
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4.3.2 Results on Physical Qualities

After milling the attractiveness of the grains to consumers (eye appealing) was assessed based on

the physical appearance such as uniform colour, broken percentage, head rice yield, hardness

translucency, etc.

r

4.3.2.1 Husking Efficiency (milling recovery), Broken Percentage, Colour and Translucency

According to the results, milling recovery (husking efficiency) was significantly different

(P<0.05) as a result of variations in soaking time, steaming time, soaking/steaming interactions,

and above all variety/soaking/steaming interactions. The other factors were insignificant to

milling quality (Table 9). The quality of milled rice samples from all the treatment range from

54.5 % to 96.5 % (Table 5). For example, soaking for 6 hrs combined with steaming for 40, 60

and 90 minutes of Jasmine 85 variety resulted in less-quality milled rice with values; 70.1 %, 76

% and 77.5 % respectively. From table 5, all 40 minutes steamed rice produced low husking

efficiency (i.e. high No. of un-milled grains passing out the machine). Medium parboiling (20 or

24 hours soaking; 60 minutes steaming) gave the highest (96.7 % and 96 %) husking efficiency

for Jasmine 85 and Nerica 14 respectively. This means the number of un-milled rice passing put

the mill was very few. The control samples were the least in husking efficiency (54.5 % and 62

%) for Jasmine 85 and Nerica 14 respectively (Table 5). Husking efficiency however decrease

with severe parboiling. Thus 36 hours of soaking combined with 90 minutes steaming (i.e severe

parboiling) recorded low husking efficiency values of94 % and 94.5 % for Jasmine 85 and Nerica

14 respectively which are less than values obtained in medium parboiled rice. Figure 8 showed

the trend at which husking efficiency increased and later decreased at different levels of

parboiling.
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Table 5: Husking efficiency (milling recovery), broken %, colour and level of gelatinization

(translucency) as affected by variety, parboiling levels, and variety/parboiling interactions.

% BrokenVariety Soaking
period
(hrs)

Steaming
period
(minutes)

Hulling
Efficiency
(%)

Colour
(%)

Level of
Gelatinization
(Translucency)

(%)

60.0 ±2.8d

65.0 ±2.8d

68.5 ±2.1d

67.0 ±2.8c

91.5 ±2.1a
91.5 ±0.7a

70.0 ±O.5c

94.3 ±1.3a

95.5 ±2.1a
75.5 ±0.8a

94.5 ±2.1a

93.5 ±l.4a

95.4 ±l.4a
h71.5 ±O.O
d60.5 ±1.4

68.0 ±2.1d

74.5 ±of
65.5 ±2.1c
86.0 ±l.4b

86.0 ±l.4b

b68.0 ±3.5
96.0 ±l.4a
96.5 ±2.1a
70.0 ±2.8b

94.5 ±2.1a
96.0 ±1.4a

95.5 ±2.1a
0.0 ±O.Oh

Means ± standard deviations of2 replicates, within a column having the same letter(s) are not significantly
different at 5% level based on z-test significant differences test ( Z= x-u)

s.d

40 70.5 ±2.7c 30.0 ±1.4a 69.2 ±1.8c

lasmin85 6 60 76.0 ±3.3b 28.5 ±2.1a 71.1 ±1.3b

90 77.5 ±0.7b 24.0 ±1.4b 69,2 ±l.4c

40 76.0 ±1.4c 28.2 ±4.2a 58.1 ±2.8d

20 60 96.0 ±2.3a 12.0 ±1.4c 51.7 ±6.1d

90 95.5 ±1.2a 13.5 ±1.4c 56.7 ±1.9d

40 77.0 ±2.8c 24.0 ±2.1d 52.1 ±1.4d

24 60 95.5 ±1.4a 12.5 ±1.4d 51.4 ±l.ld

90 95.5 ±2.1a 13.0 ±1.4d 52.0 ±l.4d

40 75.5 ±2.1d 21.5 ±2.1d f48.9 ±2.1
36 60 95.0 ±1.4a 15.5 ±1.4d f44.1 ±1.3

90 94.5 ±2.1a 15.0 ±2.1 f f45.1 ±O.O
18-20(hi) SiO 93.0 ±1.4a d 55.4 ±1.5d14.0 ±1.4
Control 0 54.5 ±0.7f 47.0 ±2.8a 85.5 ±2.0a

Nerica 14 40 70.5 ±0.7c 27.5 ±2.1 a 75.9 ±1.9b

6 60 77.0 ±0.7c 22.5 ±2.1b 71.9 ±2.1b

90 81.0 ±1.4b 24.0 ±2.8b 72.0 ±1.4b

40 79.0 ±1.4d 22.0 ±1.4b 52.1 ±1.1d

20 60 96.5 ±1.4a f 49.4 ±2.1f09.5 ±2.1
90 96.0 ±1.4a 10.0 ±l.4d 51.6 ±2.2d

40 75.5 ±2.1c 21.0 ±2.8d 43.6 ±1.6f

24 60 93.0 ±2.8a 10.0 ±2.1d f41.7 ±1.1
90 96.0 ±l.4a 10.5 ±0.7f 43.2 ±1.i
40 72.5 ±2.1c 18.8 ±1.1c 41.5 ±1.i

36 60 94.5 ±2.1a 10.5 ±2.1d 42.2 ±2.5f

90 94.0 ±4.2a 10.5 ±2.1d 41.7 ±2.1f

18-20(hi) SiO 92.5 ±2.1a f 51.4 ±1.0d10.0 ±1.0
Control 0 62.0 ±2.8 45.5 ±1.5a 89.3 ±1.1a

* 0 = control; J8-20(hi) SiO = conventional parboiling by women used as check.
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The number of broken grains after milling parboiled rice could be an indication of how well the

parboiling process was carried out. Well parboiled paddies are easy to mill and easily milled

paddies have less broken grains at milling process. Broken percentage showed significant

difference (P<0.05) between varieties, variety/soaking interaction, variety/steaming interaction as

well as varietal/soaking/steaming interactions (Table 9). In table 5, broken grains significantly

decrease from 47 % of control samples to 12 % in rice from 20 hrs soaking; 60 minutes steaming

of Jasmine 85 variety. In Nerica 14 variety, the medium parboiled rice (i.e. 20 hrs soaking; 60

minutes steaming) saw broken percentage significantly reduced to 9.5 % from 45.5 % of straight-

milled rice (Table 5). The number of broken grains seems to follow the level of gelatinization of

the parboiled rice. Thus well gelatinized rice showed less broken grains and the vice versa.

Beyond 20 and 24 hours soaking combined with 60 minutes steaming, broken percentage

increased again (Figure 8). Thus 36 hours of soaking with 90 minutes steaming yielded 15 % and

10.5 % breakage of Jasmine 85 and Nerica 14 respectively. Mild soaking (6 hrs) and prolong

soaking (36 hrs) all resulted in high broken percentage (Figure 8). Also, all the rice steamed for

40 minutes irrespective of the soaking period gave high broken percentages with values ranging

from 18.8 % to 30.5 % (Table 5).

Colour showed significant difference at 5 % confidence level in soaking/steaming time periods

(Table 9). The colour score for Nerica 14 ranges from 41.7 % to 89.3 % (i.e. light red to deep

red). Nerica 14 samples, soaked for 20 or 24 hours showed significant effect on the colour of

~ - control sample from light red of 89.3 % to deep black red of 49.4 %. Severe parboiled (36 hrs

soaking; 90 minutes steaming) further decrease the brightness to 41.7 %. The white colour of

control samples in Jasmine 85 variety significantly decrease from 85.5 % whiteness to 44 % (ash

or dark white) when parboiled at 36 hrs soaking; 90 minutes steaming. And those soaked for 20
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and 24 hours and steamed for 60 or 90 minutes significantly affect the white colour making them

to look light brown (51.7 % or 56 %) and 51.4 % or 52 % respectively (Table 5).

Level of gelatinization or translucency was somewhat variable in respect to the treatments. For

instance, soaking and steaming time periods, variety/steaming, varietal/soaking/steaming

interactions all showed significant effects on translucency according to Table 9. For example,

Jasmine 85 variety soaked for 20 hrs and steamed for 60 or 90 minutes resulted in 91.5 %

gelatinization, while that of Nerica 14 gave 95 % (Table 5). This is significantly higher than rice

from 40 minutes steaming (s40) that had translucency of 65 %. Irrespective of the soaking period,

steaming for 40 minutes gives poor gelatinization with opaque spots on the grains. Soaking for a

long period such as 36 hours and steaming for 60 or 90 minutes resulted in cooked paddy instead

of steaming and this rupture the kernels and consequently broken grains during de-husking

process. The level of gelatinization (translucency) as shown in figure 8 was low at mild parboiling

(6 hrs soak; 40 minutes steaming), and increased to peak at medium parboiling (20 hrs soaked; 60

minutes steaming). Beyond this medium parboiling condition (steaming more than 60 minute)

would only cause the paddy to become cooked in the process but not necessarily increase the

gelatinization level.
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Figure 8 Effect of soaking periods on milling recovery, broken % and % translucency of J85
variety

4.3.2.2 Gelatinization Temperature, Hardness, Head Rice Yield

The mean values for maximum gelatinization temperature, hardness and head nee yield are

presented on table 6 below.
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Table 6. Gelatinization temperature, hardness, and head rice yield as affected by
variety, parboiling levels and variety/parboiling interaction.

Variety Soaking Steaming Gelatiniz. Hardness Head
period period Temperature (%) Rice Yield
(hrs) (min.) (oc) (%)

40 75.0 ±1.7a 50.6 ±2.0a 70.5 ±2.2b
Jasmin 85 6 60 82.1 ±2.3' 55.5 ±2.1a b73.0 ±2.8

90 80.4 ±2.2a 57.0 ±1.4a b75.5 ±4.9
40 79.8 ±O.4a 54.5 ±3.5a 75.0 ±4.2b

20 60 83.0 ±2.2a 62.5 ±3.5a 88.5 ±3.5a

90 81.9 ±1.7a 61.5 ±1.1b 87.0 ±2.8b

40 81.0 ±1.7a 60.0 ±2.0a 80.0 ±2.1 b
24 60 83.8 ±2.1a 62.0 ±0.9b 87.0 ±l.4b

90 79.2 ±0.9a 61.4 ±0.7b 86.5 ±2.1 b
40 81.6 ±2.2a 60.3 ±1.1 b 82.5 ±4.9b

36 60 81.1 ±1.6a 60.5 ±1.5c 83.0 ±2.1a
90 82.9 ±3.0a 60.0 ±2.8c 87.5 ±3.5b

18-20(hi) SiO 82.9 ±2.6a 59.6 ±2.0a 85.5 ±0.7b

Control(hO) 0 O.Oh 45.0 ±1.4a 50.0 ±l.4c
Nerica 14 40 79.0 ±l.4a 55.5 ±0.9a 73.0 ±2.8b

6 60 77.5 ±3.5a 60.6 ±0.6a 75.5 ±l.4b
90 83.5 ±2.1 a 65.4 ±2.3a 80.0 ±2.1 b
40 78.8 ±2.5a 60.2 ±2.5a 75.0 ±4.2b

20 60 81.9 ±O.1a 66.5 ±2.3a 89.0 ±2.8b

90 82.3 ±2.5a 65.0 ±1.8a 87.0 ±1.4a
40 80.8 ±1.8a 61.5 ±0.7a 80.0 ±2.8b

24 60 83.3 ±2.5a 63.0 ±1.4a 'a88.0 ±2.1
90 81.4 ±1.6a 63.4 ±0.9a 86.5 ±0.7a
40 80.0 ±2.1 a 61.5 ±1.9b 81.5 ±3.5b

36 60 81.4 ±1.9a 61.0 ±2.8b 85.0 ±2.8a

90 83.8 ±1.8a 60.5 ±2.1 b 84.5 ±2.1 a
18-20(hi) SiO 80.8 ±1.8a 61.9 ±1.6a 86.0 ±2.8b

Control(hO) 0 0.0 Oh 50.4 ±0.9b 51.0 ±l.4c
Means± standarddeviationsof2 replicates,withina columnhavingthe sameletter(s)as superscriptarenot
Significantlydifferentat 5% levelbasedonz- significantdifferencestest ( Z=k0

S.D

* 0 = control; JB-20(hi) SiO = conventional parboiling by women used as check.
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The head rice yield showed significant difference (P<0.05) within and between varieties in all the

levels of interactions (Table 9). For example in Jasmine 85, head rice yield of straight milled rice

(control) was 50.5 % which was a significant low value than 88.5 % when parboiled at 20 hrs

soaking; 60 minutes steaming (Table 6). In Nerica 14, head rice yield ranges from 51 % to 89 %

which differs significantly amongst all the treatments as indicated on Table 9. In figure 9, head

rice yield was low at 6 hours soaking time, rose between 20 - 24 hours soaking and decline again

at 36 hours soaking period. Figure 9 also showed that head rice yield from 60 minutes steamed

(s60) rice stands tall followed by 90 minutes steamed (s90) rice. Head rice yield from 40 minutes

steaming (s40) recorded the least values among the various treatments with the exception of

control samples.
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Figure 9 Head Rice Yield of J85 and N14 as affected by different soaking/steaming time periods
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The steaming temperature for all the treatment levels did not vary much. For instance, the

gelatinization temperature for all the steaming periods ranges between 75-83°C (Table 6). An

average temperature of 79.5°C was recorded for all 40 minutes steamed rice. Apart from soaking

and steaming time, gelatinization temperature for the rest of factors did not show significant

difference in the two varieties of rice (Table 9).

The various treatments and their interactions showed significant effect on grain hardness on Table

~ 9 below. Hardness percentage score ranges from 42.0 % to 62.5 % for Jasmine 85 variety and

52.4 % to 66.5 % for Nerica 14 variety (Table 6). When Jasmine 85 was soaked for 20 hrs and

steamed 60 and 90 minutes, the grain hardness value was 62.5 % and 61.5 % respectively. While

24 hrs soaking combined with 60 or 90 minutes steaming gave 62 % and 61 % respectively.

These values were more than those obtained from 6 hrs and 36 hrs soaking periods with 60-90

minutes steaming (Table 6). The same applied to Nerica 14 variety which recorded 66 % hardness

when soaked for 20 hrs and steamed for 60 minutes (s60), compared to 65 % hardness when

soaked 24 hours and steamed for 60 minutes (s60). However, less value of 60.6 % and 61.5 %

hardness were recorded for those soaked at 6 hrs and 36 hrs respectively. Thirty six (36) hrs of

soaking followed by 90 minutes steaming (s90) produced rice that was less hard (60.5%) as

against 20124 hrs soaking; 90 minutes steamed rice. In Table 6, all samples steamed for 40

minutes were less hard compared to the 60 and 90 minutes steamed rice. The control samples of

Jasmine 85 and Nerica 14 only gave hardness score of 45 % and 50.4 % respectively.

4.3.3 Results on Cooking Qualities of the Parboiled Rice

Table 7 showed the following attributes of rice from the different parboiling conditions; cooking

time, water uptake ratio, volume expansion and percentage leached materials.
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Table 7. Cooking attributes as affected by variety, parboiling conditions, and
variety/parboiling interactions

Variety Soaking Steaming Cooking Water uptake Volumetric Leached
period period Time ratio (%) expansion Materials
(hrs) (min.) (min.) (em:')

Jasmin 85
6 40 15.5 ±0.7" 1.8 ±O.3c 5.2 ±O.3b 5.4 ±0.1 b

60 18.0 ±1.4a 2.3 ±0.1 a 6.0 ±O.la 5.1 ±O.2b

90 18.0 ±2.3b 2.4 ±O.3a 6.1 ±0.1 a 5.4 ±0.6b

40 15.7 ±2.5b 2.1 ±0.3b 5.5 ±O.4b 4.2 ±O.4d

20 60 20.4 ±1.9b 2.5 ±O.4a 6.5 ±O.la 4.3 ±1.0d
90 19.0 ±2.2b 2.4 ±0.6b 6.5 ±O.4a 4.7 ±0.8b

40 16.5 ±1.9b 2.1 ±O.lb 5.6 ±0.5" 5.2 ±O.4b

24 60 20.0 ±0.8b 2.5 ±O.la 6.5 ±0.6a d4.4 ±1.0
90 19.5 ±1.0b 2.5 ±O.la 6.3 ±l.la 5.1 ±0.9b

40 15.1 ±O.2b 1.9 ±O.3c 5.6 ±O.4b 5.1 ±O.3b

36 60 15.0 ±O.2b 2.5 ±O.3a 6.0 ±1.1b 5.4 ±O.2b

90 14.5 ±1.2c 2.4 ±0.1 b 5.8 ±O.4a 5.7 ±0.8a

18-20(hi) SiO 18.0 ±1.3b 2.3 ±O.lb 5.5 ±O.2b 5.2 ±0.1 b

Control(hO) 0 15.5 ±1.9a 1.5 ±O.2c 4.5 ±0.1 c 6.2 ±O.la
Nerica 14 40 18.0 ±0.8a 1.9 ±O.lc 5.4 ±0.8b 5.4 ±0.2b

6 60 18.6 ±2.2a 2.5 ±O.Oa 5.8 ±0.9a 5.0 ±O.lb

90 17.0 ±0.9b 2.7 ±0.2a 6.3 ±O.4a 4.8 ±0.5"
40 18.9 ±O.2b 2.3 ±0.6b 5.2 ±0.7b 4.6 ±0.6c

20 60 20.5 ±O.4b 2.8 ±O.3a 6.5 ±O.4a 4.0 ±1.3d

90 19.4 ±0.8c 2.5 ±0.2a 6.6 ±0.5a 5.0 ±O.4b

40 17.2 ±O.lb 2.0 ±O.4b 5.5 ±O.3b 4.6 ±O.lc
24 60 20.0 ±2.2b 2.7 ±O.3a 6.5 ±0.5b 5.4 ±O.4b

90 19.5 ±0.8b 2.6 ±0.2a 6.2 ±O.4a 5.5 ±o'.3a

40 17.0 ±O.3b 1.9 ±O.3c 5.6 ±0.2b 5.1 ±0.6b

36 60 16.5 ±0.1 c 2.5 ±O.4a 6.2 ±1.0a 5.6 ±1.0a
90 16.2 ±O.lc 2.2 ±0.1 b 6.0 ±0.5" 5.9 ±0.9a

18-20(hi) SiO 19.7 ±1.6b b 6.3 ±0.2a 5.1 ±0.1 b2.2 ±0.3
Control(hO) 0 16.0 ±1.0a 1.7 ±O.2c 5.0 ±O.1b 6.0 ±0.8a

Means ± standard deviations of2 replicates, within a column having the same letter(s) as superscript are not
significantly different at 5% level based on z- significant differences test ( Z= x-u)

S.D

* 0 = control; JB-20(hi) = conventional parboiling by women used as check.
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The soaking time, variety/soaking and variety/steaming interactions did not have any significant

effect (P>0.05) on cooking time. However, steaming time, steaming/soaking interactions and

varietal differences showed significant effects (P<0.05) on cooking time (Table 9). The cooking

periods for the different levels of parboiling ranges from 14.0 to 20.5 minutes (Table 7). Amongst

Nerica 14 samples, all 40 minutes steamed rice have the shortest cooking time of 17 minutes

second to control samples that took only 16 minutes to cook. When soaked for 20 and 24 hours

J and steamed for 60 minutes, it took longer (20.5 min. and 20 min) to cook respectively. For 90

minutes steamed rice, the cooking time reduced to 19 min. for both Nerica 14 and Jasmine 85

varieties. In all, Nerica 14 variety took more time to cook than Jasmine 85. For example, 36 hrs

soaked; 90 min. steamed of Jasmine 85 took 14.5 min. to cook while that of Nerica 14 samples

took 16 min. Thus cooking time increases with an increase in soaking and steaming time but to a

peak. A typical example in this study was the increase in cooking time from 14.5 min. to 20.5 min

and then decrease to 19 min. as soaking period increased from 6 hours; to 20/24 hrs then 36

hours; (Table 7).

The results displayed on ANOV A table (Table 9) indicated there was significant difference in

water uptake level for both first and second order interactions. Water uptake ratios of well

parboiled rice were higher than the less parboiled ones and non-parboiled rice as well. For

example, in both Nerica 14 and Jasmine 85 varieties when soaked for 20 - 24 hours then steamed

for 60 or 90 minutes and cooked, the water uptake ratio was between 2.5 % - 2.8 % as compared

to 6 hours soaking with 40 minutes steaming that gave a water uptake rate of 1.8 % - 1.9 % for

Jasmine 85 and Nerica 14 respectively. The control samples water uptake was 1.5 % - 1.7 %

respectively for Jasmine 85 and Nerica 14 (Table 7). There was a significant differences (P<0.05)

in water uptake between 60 minutes steaming (2.8 %) as against 40 minutes steaming (2.3 %).
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Volumetric expansion behaved the same patterns as water uptake ratio of the samples. For 20-24

hours soaking and 60 or 90 minutes steaming, there was a significant high water uptake and this

corresponded to a high volume expansion rate of 6.0 - 6.5 crrr'zg, The less steamed samples (40

minutes) gave a volume expansion rate of 5.4 cm3/g whereas the control samples had optimum

volume expansion rate of 5.0 cm3/g (Table 7). However beyond a certain point of parboiling, the

level of expansion rate decreases with increasing parboiling levels. Thus the severe parboiling (36

( hrs of soaking with 90 minutes steaming) gave a less expansion volume of 5.8 cm3/g and 6.0

cm3/g compared to 6.5 crrr'zg of medium parboiling condition (20-24 hrs soaking; 60 minutes

steaming) (Table 7). Figure lOa. and lOb. showed the expansion rate of each parboiling level in

Jasmine 85 and Nerica 14 varieties. In both figures, 20 and 24 hrs soaks combined with 60

minutes steaming gave the tallest bars followed by 90 minutes steaming. Therefore steaming time,

variety/soaking/steaming interactions have significant influence on the expansion of parboiled

rice when cooked. Variety/soaking time interaction however did not significantly affect volume

expansion of rice when cooked.

Analysis for leached materials from the samples showed that soaking/steaming periods and their

interplay have a significant influence (P<0.05) on amount of leached materials during cookin,g

process of parboiled rice. For example, 36 hours soaking with 90 minutes steaming yielded rice

with significant high leached materials (5.2-5.7 %) which was more than the amount of dissolved

materials from 20-24 hrs soaking; 60 minutes steaming of 4.2-4.7 %. Leached materials from 6

hrs soaking; 40 or 60 minutes steaming was 5 %. Control samples were the worst (6.2 %) in

leached materials (Table 7).
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4.3.4 Sensory Evaluations Results

The following are mean values of sensory evaluations on taste, chewiness (softness), stickiness

and adhesiveness/cohesiveness as follows;

Table 8. Sensory evaluation of the rice samples as affected by variety parboiling condition
and variety/parboiling interactions.

Variety Soaking Steaming Taste Chewiness Stickiness Cohesivenes
period period (%) (softness) (%) slAdhesiven
(hrs) (min.) (%) ess (%)

.: Jasmin 85 40 53.5 ±1.8f 2.8 ±0.6 2.7 ±O.3a 35.0 ±2.9b

6 60 76.8 ±0.9c 2.6 ±0.9 2.5 ±O.4a 23.4 ±2.3d

90 75.5 ±1.7c 2.5 ±0.8 2.2 ±0.6a 24.4 ±0.8d

40 63.0 ±3.5d 2.4 ±0.5 2.4 ±O.4b 24.1 ±1.6d

20 60 85.5 ±2.1b 2.4 ±1.1 1.8 ±0.2b 22.2 ±3.1d

90 80.9 ±0.9b 2.6 ±1.2 2.0 ±O.lb 26.0 ±1.6d

40 71.5 ±0.7c 2.5 ±0.8 2.1 ±O.4c 26.5 ±3.7d

24 60 84.5 ±l.lb 2.3 ±1.2 1.7 ±0.6c 22.0 -c.r'
90 81.6 ±2.1c 2.5 ±1.2 2.1 ±O.4b 33.0 ±3.0c

40 66.3 ±1.8d 2.4 ±0.8 1.9 ±OS 30.0 ±1.7c

36 60 77.0 ±1.6c 2.6 ±1.3 2.4 ±0.8c 34.5 ±l.3c

90 74.0 ±2.8c 3.2 ±1.6 2.8 ±0.6b 40.0 ±1.8c

18-20(hi) SiO 82.0 ±0.7b 2.3 ±1.l 2.2 ±0.8b 25.9 ±2.8d

Control 0 50.8 ±o.i 3.0 ±1.3 2.9 ±O.3a 53.0 ±3.1 a
Nerica 14 40 68.5 ±l.4b 2.7 ±0.1 2.5 ±0.6a 33.5 ±1.9b

6 60 78.0 ±2.1b 2.6 ±0.9 2.4 ±0.8a d23.0 ±1.7
90 78.5 ±4.2b 2.3 ±1.2 2.3 ±0.8a 25.5 ±0.6d

40 88.0 ±l.4b 2.4 ±0.5 2.5 ±O.4b 26.4 +0.8d
- ,

20 60 94.0 ±1.4a 2.2 ±1.1 1.9 ±1.0b 21.5 ±1.1d

90 94.0 ±2.8a 2.4 ±1.3 1.8 ±1.2b 22.3 ±2.4d

40 90.0 ±3.5a 2.3 ±0.8 2.1 ±1.3c 28.5 ±2.2d

24 60 92.5 ±1.4a 2.1 ±1.5 2.0 ±1.2b 23.9 ±1.8d

90 92.0 ±2.1 a 2.6 ±1.6 2.4 ±0.9b 29.8 ±1.7c

40 91.5 ±0.7a 2.3 ±0.9 2.2 ±1.0b 23.2 ±1.l d

36 60 91.5 ±l.4a 2.7 ±1.3 2.7 ±l.4b d27.0 ±1.4
90 90.0 ±0.7a 3.0 ±1.5 2.9 ±1.1a 41.5 ±2.1c

18-20(hi) SiO 90.5 ±1.8a 2.2 ±1.0 2.3 ±0.8b . d
23.5 ±2.1

Control 0 51.8 ±1.3f 2.9 ±0.8 2.9 ±0.6a 47.5 ±3.5d

Means ± standard deviations of2 replicates, within a column having the same letter(s) as superscript are not

significantly different at 5% level based on z- significant differences test ( Z= x-u)
S.D

* 0 = control; J8-20(hi) = conventional parboiling by women used as check.
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Chewiness (how soft the cooked grains are) was found to have no significant difference amongst

the treatments, except between varieties. Softness score ranges from 2.2 % to 2.8 % (Table 8).

The results however showed that well gelatinized rice was hard to chew than the less gelatinized

rice. For instance, 20 and 24 hours soaking with 60 minutes steaming resulted in rice that was

difficult to chew (2.4 %) compared to 6 hours soaked; 40 minutes steamed rice of 2.8 %. Co-

incidentally these (20/24 hrs soaked; 60 minutes steaming) are the well gelatinized samples

(between 90 - 95 % gelatinization). The control rice was softer (3.0 %) for both Jasmine 85 and

Nerica 14 varieties. A clear demonstration of this is shown on figure 11 below as chewiness for

control and mild parboiling condition (6 hrs soaking; 40 minutes steaming) gave taller bars than

the well gelatinized rice such as 60 and 90 minutes steaming. The conventional parboiled samples

also gave almost same level of softness as those steamed 90 minutes at the laboratory.
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Figure 11 Effects of different soaking time on sensory attributes of J8 variety

63

www.udsspace.uds.edu.gh 

 

 

 

 



The values for chewiness are found to be different from stickiness. Stickiness is the ability of the

cooked rice to clinch together into lumps and the starch becomes somehow elastic when mashed.

The research results indicated that 60 - 90 minutes steaming that gelatinize the starch very well

gave less stickiness (1.7 %) compared to 2.7 % stickiness on 40 minutes steamed rice after

cooking. None-parboiled rice (control) has a significant high stickiness value of 2.9 %. The

second order interaction for stickiness showed significant difference (P<0.05) on Table 9. This

implied that variety/soaking/steaming conditions significantly affect stickiness. The stickiness

level decreases as steaming time increases to give well gelatinized starch.

Adhesiveness and cohesiveness of the parboiled rice showed significant difference (P<0.05) at

both first and second order interactions except variety-steaming interaction (Table 9). The

adhesive and cohesive force of less parboiling condition (6 hrs soaking; 40 minutes steaming) was

up to 40 %. Soaking for 20 - 24 hours and followed by 60 - 90 minutes steaming gave 25 %

adhesiveness and cohesiveness while the cohesive and adhesive force of control samples was

about 53 % which was significantly a higher value than the rest (Table 8).

Scored values on taste showed significant difference at (P<0.05) between variety, soaking,

steaming as well as the interactions among these factors (Table 9). Taste of Jasmine 85 from the

different parboiling conditions ranges from 50.8 % to 85.5 % while that of Nerica 14 was 51.8 %

to 94 % (Table 8). Soaking for 20 - 24 hours combined with 60 or 90 minutes steaming gave a

significant high taste score of 81.6 % to 85.5 % as against soaking for 6 or 36 hours that produced

rice with taste; 74 % or 77 % respectively in Jasmine 85 variety. In the case ofNerica 14 samples,

the taste score ranges from 88 % to 94 % which showed significant difference among treatments.

Twenty (20) and twenty four (24) hours soaking with 60 and 90 minutes steaming produced rice

of high taste (94 % and 92.5 % respectively) in Nerica 14. These are significantly higher than 36
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hours soaking that yielded a taste value of 90 % (Table 8). Six (6) hours soaking produced rice

that were less tasty than 36 hours soaked and 36 hours soaked rice also taste less than 20 and 24

hours soaked rice. Control samples were the least in taste (50.8 %) for Jasmine 85 and 51.8 % for

Nerica 14 (Table 8). Figure 12 below showed taste percentage of the rice as a result of different

soaking/steaming time periods.
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Figure 12 Taste as affected by the various parboiling conditions (soaking/steaming time
combinations)
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Table 9: Analysis of variance (ANOVA) on attributes/properties of parboiled rice as
affected by different parboiling conditions.

Prob.> F

Error Variety/

Overall Mean Soaking Steaming Variety/ Var/ Soaking/ Soaking/
Property Mean Square Variety Time time Soaking Steaming Steaming Steaming
Milling Qlty (%) 84.0 33.2 0.731 0.001 * 0.001* 0.297 0.998 0.009* 0.001*

Head Y. Rice (%) 86.38 0.02 0.002* 0.001 * 0.001* 0.001* 0.020* 0.001* 0.001 *

Broken (%) 17.24 0.75 0.001 * 0.001 * 0.001* 0.001* 0.020* 0.001* 0.020*

Colour (%) 56.34 0.23 0.075 0.001 * 0.001* 0.088 0.998 0.001 * 0.020*

Hardness (%) 58.79 3.91 0.001 * 0.065 0.001 * 0.048* 0.032* 0.002* 0.003*

Gelat. Point (%) 79.52 0.05 0.082 0.001* 0.001* 0.054 0.020* 0.001* 0.001 *

Gelat Temp(°C) 75.31 0.02 0.969 0.001 * 0.020* 0.842 0.342 0.030* 0.120

Cooking Time (%) 16.28 4.18 0.345 0.055 0.012* 0.902 0.826 0.001 * 0.020*

Water Uptake (%) 2.28 0.004 0.001* 0.001 * 0.001* 0.001* 0.792 0.020* 0.025

Vol.Expan. (%) 5.53 0.35 0.178 0.037* 0.001* 0.482 0.896 0.001 * 0.001 *

Taste (%) 80.76 5.16 0.001 * 0.001 * 0.001* 0.001* 0.001 * 0.001* 0.002*

Chew./Soft (%) 23.29 30.0 0.021 * 0.186 0.970 0.998 1.000 0.050 0.920

Stickiness (%) 2.26 2.08 0.024* 0.446 0.755 0.915 0.962 0.901 0.030*

Adhes/Coh. (%) . 29.38 53.6 0.300 0.001 * 0.001* 0.001* 0.407 0.001* 0.024*

Leached Mat. (%) 5.10 0.17 0.809 0.001 * 0.001* 0.088 0.976 0.021* 0.001 *

Moisture Cont. (%) 83.34 7.90 0.814 0.001 * 1.000 0.199 1.000 1.000 1.000

Crude Protein (%) 5.72 0.04 0.001 * 0.001 * 0.939 0.001 * 0.843 0.587 0.~94

CHO (%) 62.05 136 0.001 * 0.001 * 0.484 0.004* 0.717 0.026* 0.009*

Lipids (%) 2.80 0.78 0.723 0.063 0.333 0.237 0.195 0.019* 0.020*

Crude Fibre (%) 2.51 8.23 0.005 0.089 0.836 0.841 0.997 1.000 0.411

Ash Content (%) 2.00 1.68 0.001 * 0.138 0.113 0.069 0.887 0.040* 0.001 *

_. *Statisticallysignificant,
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CHPATER FIVE (5)

5.0 DISCUSSIONS

5.1.0 Introduction

Parboiling of paddy rice is one of the several post harvests' processes employed for quality

improvement. The process improves the milling recovery of paddy rice, salvages poor quality or

spoiled paddy, and meets the demand of some consumers. The value addition that is associated

with parboiling processes cannot be over emphasized. The severity of parboiling process in one

way or the other greatly influenced the distribution of nutrients in the rice. This study revealed the

basic and practical value of parboiling and its consequences on rice as a staple food. In view of

the fact that parboiled rice is consumed extensively, in many parts of the world, results of this

study could be of relevance in the quest to improve the practices as a value added activity. Any

processing activity and its practical value associated with a particular food type regardless its

origin invariably increases the adoption and acceptance of such food by a new larger community.

This is true especially where the practical value of that processing activity is able to satisfy the

basic requirements of the new and larger consumers. Majority of factors analyzed showed

significance or enhanced influence on the suitability of rice to serve as a source of nutrients and

general satisfaction to it numerous consumers.

5.2.0 Nutritional Qualities of Parboiled Rice

A number of the nutrients analysed were significantly affected by either the variety,

soaking/steaming time and or the combinations of these. This means that there exist a

relationship between the handling processes such as soaking and steaming and the final quality of

the rice.
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5.2.1 Moisture Content

The soaking process enables paddy rice to imbibe water and become moist. The process of

moisture absorption was facilitated by heating or boiling water to a warm temperature (40°C) that

energizes water molecules for faster movement across membranes into the grains. It is the

saturated moisture content of paddy at the different soaking levels that when steamed to varying

time periods it causes significant differences amongst the various nutritional and physical

characteristics of the final product. The moisture absorption level of the grains and the final

saturated moisture content were higher when the soaking time was long. However, the rate of

increase in moisture saturation was sharp at the initial soaking periods (between 0-20 hours) after

which the rate of increase in moisture content reduce drastically between 20-36 hours of soaking

(Figure 6). The long soaked period of 36 hours gave moisture content up to 88 % to 90 % in

Jasmine 85 and Nerica 14 varieties respectively. This was well above 6 hour soaking period that

gave 58 % to 78 % moisture content for the same varieties (Figure 6). The increase in moisture

content after long duration of soaking is simply due to osmosis having enough time to play unlike

the short soaking period. As a result of gradient concentration between the internal structure of

the seed and the water environment, a potential therefore exist to facilitate the osmotic proce~s.

This caused water uptake by a process of osmosis leading to volume expansion of the grain and

the warm temperature of the water tend to facilitate the absorption process by the action of fast

colloidal molecules movement. There was rupturing of over soaked seeds (36 hrs) because of

turgor pressure acting on the cell walls of the kernels.

During the steaming process, it was the moisturized starch granules that are converted into

gelatinous substances. The moisture content then reduces from the saturation point to a minimal

level after steaming since it escapes as vapour. This agreed with Adeyemi et at (1988) that
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moisture content of rice decrease under gradual increase in temperature of parboiling and

subsequent drying. The high moisture content due to long soaks could also dissolve and dilute

toxin or otherwise unwanted substances deposited by micro organisms during long storage

periods. Long hours of soaking in hot water also seek to destroy pathogens and their substances

such as aflatoxins found in old stock together with other stains that were not removed during the

washing process. A part from this, the long hours of soaking in hot water deactivates certain

enzymes in the seed and the aqueous state serve as a good or conducive environment for

biochemical transformations. Moreover soaking remove stains and other dirt stacked tightly to the

grains and needed to be dissolved before they can be removed. There was a significant increase in

the moisture content at 36 hrs of soaking. This high moisture content may be due to the cooked

kernels as they are exposed from ruptured husk to have direct contact with the soaking water.

Cooking results in greater kernel volume expansion and concomitant greater water absorption.

The soaking time has some enhanced effects on quality factors as the moisture content of the

paddy rises to a high value from initial moisture content of 20 %. In this experiment, the longest

among the soaking time is 36 hrs that gave 94.5 % for both Jasmine 85 and Nerica 14 (Table 4).

Soaking to attain good moisture content will ensure good gelatinization and for that, matt~r

quality parboiled rice. If the moisture content is not raised to an appreciable level, steaming can

never improve the quality of the rice. The dry starch inside the endosperm will never gelatinize

unless it was moist. This explains why paddy soaked to saturated moisture level gave good

parboiled rice than 6 hours soaking where the rice has little moisture content. On the other hand,

extreme hours of soaking can also lead to poor quality of the parboiled rice if not properly

steamed. In this study, 24 and 36 hrs long soaked followed by 90 minutes steaming resulted in

cooking instead of steaming. This long period of soaking caused the paddy to swell and crack
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open the husk. The rupturing of husk due to excessive expansion of the rice kernel, allows the

water get direct contact with the rice kernel, thereby lowering the quality of the final product in

terms of colour. Essentially this resulted in the cooking of the starch instead of gelatinizing it at

the second cooking (steaming) process.

5.2.2 Protein

Rice has the highest protein digestibility among the staples according to Food and Agricultural

Organisation (FAO) document repository of Rice in human nutrition. There was a decrease in

crude protein content of the parboiled rice than the straight-milled rice (Table 4). Thus the less or

mild parboiled rice (6 hrs soaking with 40 minutes steaming) gave a crude protein content of

6.0% while soaking for 20 and 24 hrs followed by 60 minutes steaming (medium parboiling)

yielded 5.6 % crude protein. Though well parboiled but less in crude protein content. The longer

the parboiling process, the lower the protein content and this might be due to the leaching out of

soluble proteins. This seems to agree with Adeyemi, (1979); Omobuwajo, (1982) whom reported

the leaching out of non-protein nitrogen in their works. Ibukun, (2008) observed in his study that

the magnitude of losses of nutrient is higher because of prolonged parboiling with protein content

being the most affected where 2.93 % loss was recorded at 45 minutes, 24.83 % loss was recorded

at 60 minutes, and 32.5 % loss was recorded at 90 minutes. This demonstrated that the longer the

parboiling (long soaking/steaming period), the less protein content in the rice. Soaking for long

hours e.g. 24 to 36 hours followed by long period of steaming (90 minutes) gave the least crude

protein content of 5.6 - 5.8 % (Table 4). The decrease in crude protein may be due to leaching

away of protein substances during soaking period where the grains ruptures after staying long in

the warm water. This was in agreement with Rao and Juliano (1970) who reported a slight drop in
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of non-protein nitrogen and albumin. In addition Rao and Juliano (1970) found out that protein

protein content (by 0.05 % to 0.37 %) during parboiling, which was attributed to the leaching out

bodies are disrupted during parboiling process. Apart from this, it could also be that the protein

bodies sink into the compact mass of gelatinized starch making it less extractable hence the

decrease in crude protein content. Since control samples are not soaked nor steamed, this loss will

not occur hence the higher protein level in straight milled rice of 6.0 % and 6.2 % for Jasmine 85

and Nerica 14 respectively. It also shows that Nerica Jslvariety had high protein content than

Jasmine 85 variety (Figure 7). U 0 S
,",cruLl O~ uaJu· ... r. 1 •

'B A ~ Y
5.2.3 Carbohydrate

Carbohydrates provide the bulk of the calories in parboiled rice. According to this research total

carbohydrate content follows the same pattern as crude protein. Total carbohydrates content was

f significantly lower in well-gelatinized rice (60.2 %) than straight milled rice (70.3 %). This is in

contrary to Ogbonnoya and Friday (2009) who saw that carbohydrates content of parboiled rice

are higher than non-parboil rice. The decrease in carbohydrate content, however, agreed with

Otegbayo and Osamuel in (2001) who studied the effects of parboiling on the physico-chemical

qualities of two local rice varieties in Nigeria and found out that parboiling reduced breakage, fat,

protein and amylose content of the rice while the cooking time, water uptake and thiamine

contents were increased. The decrease in carbohydrates content may be explained as due to the

starch gelatinization where the moist starch turns into gelatinous substance before it retrogrades

and become compacted. Therefore good gelatinized rice have their starch in the kernels

compacted away from the husk hence de-husking becomes easier. The melted gel starch when

cooled would give glacial outlook like that of ice. This is in line with Juliano, (1985); and
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Pillaiyer, (1988) who stated that the starch also change in molecular dimension where the

granules no longer exhibit birefringence under polarized light and the orderly polyhedral

structures of the compound granules change into coherent mass. According to Rao and Juliano

(1970), starch re-association increase in some carbohydrate components like reducing sugars, and

change in molecular size and partial dextrinization of the starch that occurs during parboiling may

be responsible to the less carbohydrate content in parboiled rice than straight milled rice.

Carbohydrate content was even lower in severe parboiled rice (36 hrs soaked; 90 minutes

steamed) probably due to leaching and dissolution away of endosperm starch during prolong

soaking time. This was in line with Islam et al., (2004) and Bello et al., (2006) who explained that

it might be during soaking process at higher temperatures that if the variety has low amylose

content, there might be severe deformation of the grain as it loses the exuded substances in the

endosperm while absorbing excessive moisture.

5.2.4 Fibre Content

Crude fibre is a measure of the quantity of indigestible cellulose, lignins, and other components of

this type present in food (Aurand et al., 1987). Results on crude fibre indicated no significant

difference amongst the soaking and steaming time periods (Table 9). This might be explained as

the heat capacities generated during parboiling stage being too low to damage (degrade) the fibre

present. Crude fibre content ranged from 2.0 % to 2.8 % (Table 4). However, there was a

significant difference between the crude fibre content of the two varieties. Jasmine 85 gave a

crude fibre content of 2.4 % in the control (raw) samples while Nerica 14 gave 2.9 %. This

significant difference in crude fibre content between the two varieties might be traced back to

differences in genotypes. The lesser or mild parboiled rice that did not gelatinize well had crude
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fibre up to 2.6 % while the properly gelatinize rice crude fibre were between 2.0 % to 2.5 %. The

crude fibre content in the raw or control may be explained as digestible fibre present in the grain

after normal physiological seed development. The low fibre content might have accounted for the

high energy digestibility of rice.

5.2.5 FatlLipids

On total lipids, parboiled rice has less lipids content than the raw or partially parboiled rice. The

results indicated significant difference in lipids content on soaking/steaming time variations

(Table 9). The parboiled rice has low lipids content probably due to leaching of fat molecules at

soaking and steaming periods. This however was in contrast to Patindol, Newton and Wang,

(2008) who found surface total lipid (isopropyl alcohol extractable fraction) tended to increase,

with the increase being more prevalent on the batches parboiled under severe conditions. During

the steaming process, oil contained in the embryo could get dissolved and diffuse out of the grain

giving it low fat content. Oil and protein bodies are known to diffuse outwards during parboiling

process and this might be the reason for fewer lipids in parboiled rice. Kato et al, (1983) observed

an increase in lipids bound to starch and protein and a decrease in unbound lipids due to,

parboiling. The results suggested that parboiling enhanced the interaction of bran lipids with

endosperm starch and protein. This in turn, makes the lipid fraction of the aleurone layer more

difficult to remove on milling.
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5.2.6 Ash Content

The ash content of any agricultural material is the inorganic residue remaining after the organic

material has been burnt off (Pearson, 1976). It is also the inorganic residue after the organic

carbonaceous portion and other volatiles have been oxidized and evaporated. The ash content

showed significant effects on varietal differences as well as variety/soaking/steaming interactions.

The mild parboiling (6 hrs soaking; 40 minutes steaming) that resulted in partial parboiled rice,

gave high ash content levels. As soaking and steaming time increases the ash content tend to

decrease. This could be explained that, the less heat at mild parboiling did not dissolve out the

starch molecules much hence molecular mass of the individual grains remains same. But as

parboiling reaches a certain level at longer soaking/steaming time, the decrease in ash content was

likely due to loss of starch molecules from the individual grains by mechanisms of dissolution and

leakage processes taking place. The decrease in number of these molecules can be quiet high to

reflect in the ash content of samples.

5.3.0 Physical Qualities of the Parboiled Rice

The physical parameters looked at showed a strong influence from the parboiling technique (the

soaking and steaming time combinations).

5.3.1 Level of Gelatinization

Rice becomes translucent after parboiling. Optimum gelatinization is the desired aim of

parboiling the paddy rice. Complete translucency is a sign of proper gelatinization of the starch

granules throughout the endosperm meaning parboiling was complete. The degree of starch

gelatinization is responsible for many of the attributes of parboiled rice (Marshall et al., 1993). In
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this study, the optimum gelatinization was achieved at the medium parboiling stage (i.e. soaking

for 20 - 24 hrs and steaming for 60 minutes) at 80°C. This level of parboiling gave 96 % level of

gelatinization that was a significant high value than 6 hrs soaking; 60 minutes steaming of 68 %

gelatinization. Thus kernels from 20 - 24 hrs soaking followed with 60 or 90 minutes steaming

were translucent and uniform in colour. This was so because soaking for 20-24 hrs long enabled

the paddy to absorb enough moisture needed to help transform it to a gelatinized product. Also,

the heat supplied at 80°C for 60 minutes was optimum to caused molecular admixture of the

gelatinous starch and as it cools down, re-associate to give the translucent appearance. This

produces the wholesome grains that did not break during milling process. At such level of

soaking, the moisture content was just enough to steam the moist starch to gelatinization level

without boiling it. After 60 minutes steaming, the starch had retrograded and settled and excess

moisture evaporated leaving translucent kernels. There was less breakage of well gelatinized

grains because all cracks were sealed-up forming a continuous mass of carbohydrates. Soaking

beyond 20-24 hrs would have increase the moisture content in the grain such that a little increase

in steaming time beyond 60 minutes would cook the rice instead of gelatinizing it. In addition,

less soaking time of 6 hrs would not allow the rice to absorb enough water necessary to moisten

all the starch granules inside the kernel. The change in optical properties under plane polarized

light before and after gelatinization of moist starch due to heat is used to find the gelatinization

temperature of the starch. Severe parboiling i.e. 36 hrs soaking and 90 minutes steaming also

produced high level of gelatinization and even completely cooked the grains. Though severe

parboiling gave well-gelatinized and translucent grains that have no core spots, it caused

rupturing of the kernels during steaming process to produce multi-co loured grains that affects the

quality of the rice. Translucency of the endoderm starch during parboiling was also affected by
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the level of chalkiness starch in the grain. It has been observed that though chalkiness partially or

totally disappears upon parboiling and cooking, and as a result may have no direct effect on

cooking and eating qualities, high levels of chalkiness downgrades the physical quality, reduces

milling recovery and can determines whether a particular rice sample attracts a competitive price

on the market (Gayin et al., 2009; Adu-Kwarten et al., 2003, Khush et al., 1979; Indudhara and

Bhattacharya, 1982). In comparism, there was no discernible trend noted between medium (20 -

24 hrs soaking; 60 minutes steaming) and the severe parboiling (36 hrs soaking; 90 minutes

steaming) on level of gelatinization. Both gave optimum gelatinization but the differences came

from the multi-coloured kernels of severe parboiling that were different from the uniform colour

of medium parboiled rice. Mild parboiling (40 minutes steaming) for all level of soaking

produced low level of gelatinized rice with core bellies or opaque spots. These opaque spots of

non-gelatinized starch mixed with gelatinized kernels resulting in multi-coloration and this

subsequently affect marketability of such rice.

5.3.2 Gelatinization Temperature

The temperature at which the parboiled nee gelatinized was recorded and it showed n9

differences between varieties statistically. However, there were differences in gelatinization

temperature for the various treatments such as mild steaming and severe steaming till it reaches

the conclusion temperature. The peak temperature is the temperature at which majority of the

granules are gelatinized and the conclusion temperature is that temperature at which the starch is

completely gelatinized. It is possible that at peak temperatures not all starch granules are

completely gelatinized. At its peak temperature, it's almost getting to the conclusion stage; the

gelatinization temperature no longer increases but begun to stabilize. The peak temperature may
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decline a bit and stabilizes as conclusion temperature. This annealing behaviour enables the starch

granules to gelatinize seal all fixtures or cracks that existed on the grain during harvesting and

threshing process. Gelatinization temperature parameters (onset, peak, and conclusion) generally

shifted to higher values, whereas gelatinization enthalpy decreased as a result of parboiling. This

was in agreement with previous studies that said gelatinization temperature increased, whereas

gelatinization enthalpy decreased with the severity of parboiling treatment (Biliaderis et al., 1993;

Ong and Blanshard 1995; Islam et al., 2002; Lamberts et al., 2006; Manful et al., 2008). The

increased in onset gelatinization temperature of parboiled rice may be attributed to annealing

effect of temperature on starch molecules (Knutson, 1990; Nakazawa and Wang, 2003). Specific

variations in thermal properties due to cultivar, feedstock, and parboiling conditions were taken

notice of. For Jasmine 85 and Nerica 14, differences in onset and peak gelatinization temperature

between mild (6 hrs soaking; 40 minutes steaming) and severe (36 hrs soaking; 90 minutes

'" steaming) were more pronounced. The enthalpy of gelatinization is the energy per gram (dry

matter) needed to completely gelatinize the starch in the sample.

5.3.3 Husking efficiency or Milling yield (Milling Recovery)

It is quite common to have no broken or cracked grains in parboiled rice, when the parboiling

process is carried out properly. The quality of rice is determine by its physico-chemical properties

which are themselves influenced greatly by genotype and environmental factors such as location,

cultural practices and postharvest management (Fitzgerald et al., 2009). Consumer preference for

a particular rice grade depends on both intrinsic and acquired qualities (Pillaiyar, 1988). The most

appropriate way of assessing the efficiency of rice parboilers is a comparison of the grain qualities

of samples from the parboilers. The physical quality of parboiled rice grains tends to decline with
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over parboiling and this may be due to increase levels of heat-damaged grains. When the heat-

damaged grains are removed from a sample of parboiled rice, the amount of available edible

grains was reduced. From this study, there was high significance difference in quality of milled

rice amongst the varied soaking/steaming times. The highest quality milled rice (milling recovery)

came from medium parboiled (20 and 24 hrs of soaking; 60 minutes steaming) with an average of

95 %. This might be as a result of the salvaging effect of good gelatinization attained at this level

of parboiling. This is because the processes of parboiling improves the milling recovery of paddy

rice through the salvaging effects on poor and spoiled paddy rice to meets the demand of

consumers. The high recovery of milled rice at this level of parboiling could also be traced to lose

husk on the kernel. During parboiling process especially at the soaking stage, the kernels expand

and fill the husk. Then at steaming stage the kernel gelatinized and retrograde to become

compacted such that when dried it pulls away from husk. Milling thus becomes easier since the

,.r kernel was loosely held inside the husk. In this research, soaking for 36 hrs followed by 90

minutes steaming·(s90) produced less quality-milled rice than 20-24 hrs soaking with 60 minutes

steaming. The less in quality milled-rice might be due to the over parboiling at 90 minutes of

steaming that make the paddy get cooked. Paddy that were soaked for 6 hrs and steamed for 40

minutes gave the lowest milling yield and this was probably due to tight or intimate contact

between the husk and the kernel. Because the paddy was soaked for only 6 hrs, the kernels did not

absorb enough water to expand and push the hull apart; it remains intimately attached to the

kernel making de-husking difficult. This was evident on the control samples that had several of

the paddies passing through the milling machine without been dehusked. In several instances, the

machine forcefully dehusks the paddy removing the hull together with tips of germ (embryo)

where nutrients are concentrated. This lowers the nutrient availability in such rice. In some
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situations the kernels are broken or grounded into powder as the machine forcefully remove the

husk of non-parboil paddy. As stated earlier easy milling to remove the husk is the foremost

reason for parboiling paddy rice in the rural areas. Because milling was done manually using

mortar and pestle in such areas, the paddy was parboiled for easy dehusking manually. If well

parboiled, the husks loosened up and pounding on a mortar and pestle could easily separate the

hulls from the kernels. Otherwise it is going to be difficult removing the husk using mortar and

pestle without breaking the grains into pieces.

5.3.4 Head Rice Yield

Head rice yield is the weight percentage of head rice (excluding broken grains) obtained from a

sample of paddy. The amount of gelatinized starch is an indication of the severity of parboiling

process and research in the past correlated this with head rice yield. Many previous studies (Ali

and Ojha, 1976; Houssou, 2005; Manful et al., 2008) have shown that changes in the physical and

cooking properties such as increasing the percentage of head rice through increasing rice grain

hardness, translucency, swelling and elongation ratio, and reducing stickiness can be achieved by

appropriate parboiling methods. It was reported that maximum head rice yield can be achieved

when endosperm starch is about 40 % gelatinization, and that excessive steaming is not necessary

to obtain maximum head rice yields (Marshall et at, 1993). This is in contrast to results of this

study where the two varieties; Jasmine 85 and Nerica 14, had maximum head rice yield at 90 %

±1 gelatinization level. However, all the processes of parboiling resulted in higher head rice yield

than straight milled rice. Head rice yield was significantly increased from 51 % in non-parboil

rice to about 88 % and 89.5 % in Jasmine 85 and Nerica 14 respectively. Saif et al., (2004)

reported that the increase in length, width and thickness due to parboiling process, leads to some
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advantages over the non-parboiled rice in such area as the strengthening of kernel integrity,

increase of milling recovery and decrease of cooking losses. I think head rice yield could be used

to judge or could be a measure of the nutritive value of recovered milled rice to an extent. This is

because long whole kernels recovered after milling (i.e. good head rice yield) means only the

husks were removed without taken bits of germ or embryo where the nutrients are concentrated.

These long kernels invariably have more nutrients due to the intact embryo (germ) on the grain.

Short kernels are likely to have lost the tips (germ portions) during husking process and therefore

have lost vital nutrients. The 20 and 24 hrs soaking with 60 minutes steaming produce more head

rice yield probably because there was proper gelatinization at that stage. And where there is

proper gelatinization, the annealing effects seal all cracks and fissures that are potential breaking

points when it comes to milling. The control samples gave the least head rice yield of 50 % ±1.4

of grains that were more than or equal to % of the total length due to breakages. Severe parboiling

(36 hrs soaking with 90 minutes steaming) also produce more head rice yield than both mild

parboiled condition and control samples. Severe parboiled condition however produced less head

rice yield than 20/24 hrs soaking; 60 minutes steaming. The reason for this was probably that, the

severe parboiling ruptures the husks and the kernels got cooked and loses much of it endosperm

starch. When milled such kernels easily break since they are hollow (not filled with starch

granules). It was found out that, the soaking and steaming of each rice variety at the suitable

conditions (20 hrs soaking; 60 minutes steaming) has increased the head rice yield of parboiled

rice which was caused by proper gelatinization. This was confirmed by Gariboldi, (1974) who

stated that parboiling builds stronger structure and the denaturation of protein by diffusing into

inter-granular space of starch which further increases the binding effect, and this is better for

milling process.
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5.3.5 Broken Percentage

Broken grains are estimates of those kernels that are less than % of their normal length after

milling. Broken grains are of great worry to processors especially the commercial processors as it

lowers the product marketability. There are several causes of grain breakages and parboiling is

meant to salvage the grain from these breakages. For instance during harvesting time the grain

incur a lot of cracks or fissures and sometimes the kernel may be broken into two but been held

together by the husk. When this rice are soaked and steamed (parboiled) at maximum

temperatures, the chalky endosperm is melted to a gelatinous state, and then re-unites to seal all

cracks, fissures and broken edges. In this study, broken percentage varied significantly among the

factors at 5 % confidence level. For instance, soaking for 20-24 hrs then steamed for 60 minutes

gave the least broken grains of 12 % for Jasmine 85 and 9.5 % for Nerica 14. This means that

parboiling at this level optimize the gelatinization level thereby salvaging poor quality to a large

extend. Also it can be explained that parboiling if well done, increase the tensile strength of

kernel via starch gelatinization, thus resisting shear force applied to it during milling operation

and this help in reducing the grain breakage. It could therefore be concluded that the extent to

which breakages occur in parboiled rice during milling process is a function of gelatinization

level among others. Longer soaking time up to 36 hrs and steaming for 90 minutes gave moderate

number of broken grains (14 %) and 10.5 % for Jasmine 85 and Nerica 14 respectively. The

increase in broken percentage may be due to the presence of over boiled rice. The shearing force

of the milling machine exerted on the grains could break these kernels that are cooked and

ruptured. Also, lots of these over parboiled rice lose away their starch content by way of leaching

and or dissolution onto the water. Such seeds would be hollow (improperly filled) and therefore

easily break when milled. The mild parboiling (6 hrs of soaking and 40 minutes steaming)
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produced the highest broken grains of 30-35 % but only next to the control sample of 47 %. The

high broken percentage from mild parboiling and non-parboil rice can be explained scientifically

as that; the husks of such paddy are intimately attached to their kernels and cannot be separated

easily. Also due to less moisture in the grains, it is not able to transform the chalky granular starch

into gelatinous substance therefore did not confer such properties associated with gelatinization

on the grain. Thus fissures are not sealed, cracks not mended, and tensile properties due to

gelatinous starch absent hence the high breakage during milling. Parboiling salvage this by

sealing all fissures and cracks. It also makes the husk loose on the kernels thereby facilitating easy

removal of the husk when hulled. Broken percentage also depends on the type of machine used in

the milling process. In the rural areas where parboiling of paddy was mostly practiced, milling

was done manually by pounding using mortar and pestle. This increased the broken percentage.

Where milling machine was available it is the Engilberg type of milling machines which are not

/ efficient in reducing broken percentage.

5.3.6 Colour

Discoloration of rice due to parboiling is another important quality parameter that affects.
parboiled rice negatively. It is a negative effect of parboiling, because dark colored parboiled rice

losses market value and consumer acceptability in most countries. The lightness value and colour

of parboiled rice decrease as far as soaking/steaming time increases. All samples steamed for 40

minutes showed a better colour value (69 %) than 20 - 24 hrs soaking; 60 or 90 minutes steaming

that gave colour score of 51.7 % and 56.7 % in Jasmine 85. In Nerica 14 variety, medium

parboiled condition produced rice with colour score of 49.4 % and 51.6 % after 60 and 90 minutes• steaming respectively. When Jasmine 85 was parboiled at a short period (6 hrs soaking; 40
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short parboiling condition gave rice that has light red colour. The medium parboiled rice colour

minutes steaming) it showed a significant white colour than the rest. And in Nerica 14 variety, the

was cream for Jasmine 85 and dark red for Nerica 14 respectively. The mild or short parboiling

gave better colors because the pigments or enzymes in the husk and other parts had little time to

dissolve or diffuse out and stain the kernels during soaking and steaming periods. This was

because the incidence of soaking/steaming processes occurred fast (6 hrs of soaking and 40

/ - minutes of steaming). Bhattacharya, (2004) and Lamberts et al., (2006) observed that parboiled

rice turns light yellow to amber due to Maillard type non-enzymatic browning. This finding was

in agreement with the data reported by Islam et al. 2003. The lightness (whiteness) of parboiled

rice was mainly affected by the temperature and time of steaming. Parnsakhorn and Noomhorm,

(2008) indicated that parboiled paddy gave lower whiteness as compared to raw milled rice. This

therefore suggests that short steaming time at appropriate temperatures could provide a better

../ colored product for Nerica 14 and a good white colour for Jasmine 85 respectively. In Jasmine 85

variety, the soaking and steaming turns the colour of grain from chalky white to purplish white or

brownish white depending on the degree of parboiling. This means the husk contributes in

releasing some pigment to diffuse into the endosperm during soaking. Control samples gave a,

much better white colour (85 %) and light red (89.3 %) coloration for Jasmine 85 and Nerica 14

respectively.

5.3.7 Grain Hardness

The ability of grains (kernel) to resist breakage due to external force on it tells the hardness of the

grain. Grain hardness is a very important trait, especially when it comes to storage. Harder grains

are more resistant to insect attack and less susceptible to the development of moulds. Hardness is
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the most important physical properties of parboiled rice among all the physical properties, as it

reduces breakage during milling that have a significant influences in increasing the market value

and consumer acceptability. It is generally understood that cooked parboiled rice is harder and

less sticky than straight-milled cooked rice (Islam et al., 2001).

Hardness value was greatly affected by parboiling condition such as starch gelatinization and the

level of amylose content. The outcome of this research revealed that medium parboiled rice (20-

24 hrs soaked with 60 minutes steamed) produced a hardness score of 60.6 % in Jasmine 85

variety and 69.6 % in Nerica 14 variety. The parboiled rice kernel became translucent and glassier

unlike the non-parboiled kernel that was white with core belly. This occurrence is likely due to

the gelatinization of starch and disruption of protein bodies that expanded and occupied all the air

spaces in the endosperm during parboiling process as reported by Rhaghavendra and Juliano

(1970). Optimum gelatinization gave quality rice because such rice was hard and resistant to shear

-: force and do not break easily. It might be as a result of possible re-arrangement of molecules at

the steaming stage into a tight compact manner. And such arrangements confer hardness on the

kernel which enables it to resist external force (unbreakable). This is in agreement with the

findings that increase in cooked rice hardness subsequent to parboiling has been mainly attributed

to the re-association of gelatinized starch (Ali and Bhattacharya, 1980; Biswas and Juliano, 1988;

Ong and Blanshard, 1995). Over parboiling or severe parboiling i.e. 36 hrs of soaking with 90

minutes of steaming) produced grains that are harder than mild parboiling (6 hrs of soaking) but

less in hardness when compared to rice from medium parboiled condition of 20 or 24 hrs soaking;

60 minutes steaming. This was so because, long periods of soaking and steaming tends to cause

too much leaching of materials leaving the kernels hollow. Such grains will therefore not be hard

as the well gelatinized ones. This implied that, for high amylose content varieties, hardness scores
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increased with soaking and steaming time and for low amylose rice varieties the hardness

decreased with increasing soaking time. In the same vein, under parboiling or mild parboiling like

soaking for only 6 hrs leaves less moisture on the grains. The little moisture will easily evaporate

upon few minutes of steaming. This cannot gelatinize the chalky starch to salvage the poor

kernels from breakage or pest infestations. Drying confers that state of hardness to the grain when

properly done. Drying to a moisture content of 14 % ±1 of parboiled rice makes it hard and

cannot easily be destroyed by insects.

5.4.0 Cooking Characteristics

There were differences in cooking qualities of the rice from the various parboiling conditions

especially in time taken to get cooked, water absorption rate and volume expansion rate.

J 5.4.1 Cooking Time

The differences in cooking time are as a result of the degree of gelatinization attained by the rice.

The results from this experiment showed that cooking time increased as gelatinization increases.

Thus, well-parboiled rice took more time to cook than the less parboiled rice. For example, in this.
study, the well-parboiled rice came from 20-24 hrs soaking combined with 60 minutes steaming

and this rice took the longest time (21 min.) to cook whereas rice soaked for longer period of 36

hrs followed by 90 minutes steaming took less time of 19 min. to get cooked. This confirms

Parnsakhorn and Noomhorm, (2008) findings that parboiling process resulted in higher cooking

time. Therefore the varieties of rice used for this study have shorter cooking time when compared

to other varieties with 10 - 25 minutes reported by Adeyemi et al (1986); and Rhaghavendra and

Juliano (1970). The reason why well-parboiled rice takes more time to cook can be attributed to
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because water penetration was poor in them. And since the medium parboiled rice are the well

the hardness attained after thorough parboiling. Well-parboiled rice was hard and difficult to cook

gelatinized rice water penetration decreases and this prolongs the cooking time. There was low

penetration rate of water in well-gelatinized rice because the starch has been transformed into

translucent and glacial manner sealing all possible pores for water penetration. It thus takes time

for water to penetrate the tightly packed cells and open them up during cooking. Ogbonnoya and

Friday (2009) observed that due to the strong cohesion between the endosperm cells which are

tightly packed and this makes the starch grains to hydrate at a slower rate, which leads to a

decrease in water penetration into the grains, hence a longer cooking time.

Again, such rice has a tough bran coat covering the kernel with it pores clog since a lot of

molecules were trying to move in or out the endosperm during maximum steaming temperatures.

It was possible oil contained at the embryo melted up and moves over the kernel clogging the tiny

pores to reduce water penetration in parboiled rice than straight-milled rice hence the longer

cooking time in parboiled rice. The severe parboiled rice on the other hand took less time to cook

because they were already cooked at the steaming process with lots of grains rupturing to expose

the endosperm starch. Such rice will therefore have fast hydration rate and then cook fast. Also

the long period of steaming earlier dissolved out lot of molecules leaving porous cellular

membrane that easily hydrate than medium parboiled rice. The mild parboiled samples (6 hrs

soaking; 40 minutes steaming) produce rice that took less time to cook (15.4 min.) for Jasmine 85,

and (17 min.) for Nerica 14. The control samples were the fastest to cook in 14 minutes. The fast

cooking nature of the control samples or less parboil rice can be attributed to the high percentage

broken nature of these rice after milling. The excessive broken grains provides enough surface

area that is in contact with the hot water during cooking process hence fast hydration to easily get
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cooked. But since well-gelatinized rice mend it cracks and fixture, it will take more time for water

to penetrate hence the longer cooking time for rice parboiled at 20 -24 hrs soaking; 60 minutes

steamed. Even though, parboiled rice requires longer time to cook, the cooking qualities of

parboiled rice outweigh that of non-parboil rice. For example, when cooking parboiled rice, they

absorb more water, expands and increase in quantity than non-parboil rice. This is because non-

parboil rice absorb less water and therefore do not increase (expand less) in quantity. It also has a

peculiar smell and above all costs effective in terms of pricing than straight milled rice. Cooking

time depended on several factors, not only parboiling process, but rice variety, the intensity of

heat supply, moisture content etc. Samples from Nerica 14 took more time to get cook than

Jasmine 85 even though the differences in cooking time between the two varieties was not

statistically significant. This is in accordance with Juliano and Perez (1986) who fcund out that

the higher the protein content of rice, the higher the gelatinization temperature hence, cooking

r/ time. This might be due to the hydrophobic nature of proteins, which act as a barrier to inward

diffusion of water- into the cooking grain.

5.4.2 Water Absorption Rate

The increase in volume (w/w) of the kernels as it absorbs water gives the water absorption rate.

The water absorption rate of the parboiled samples was higher than that of the non-parboiled

samples, while the water absorption of the Jasmine 85 variety was lesser than that of the Nerica

14 variety. Medium parboiling condition, which is 20 - 24 hrs soaking; 60 minutes steaming,

turned out the best rice with high water uptake ratio of 2.5 % and 2.8 % for Jasmine 85 and

Nerica 14 respectively. This was a result of proper gelatinization attained at this parboiling

condition. The endosperm starch looks glacial and compact together with the cell in mass. Since it
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was cooked in water, the cells hydrate at maximum to take in more water than before. Also, the

gelatinization caused cohesiveness among the transformed starch molecules but when exposed to

water a strong gradient develops pulling and retaining more moisture molecules than straight

milled rice that has chalky starch. Severe parboiling up to 36 hrs soaking combined with 90

minutes steaming gave rice of less water uptake ratio of 2.4 % compared to the medium

parboiling condition. The less in water uptake might be due to an earlier excessive intake of water

at soaking and steaming stage. And since most of the kernels rupture to expose their endosperm,

the cells cannot retain water at next hydration hence the less in water uptake of such rice. The

straight milled or control samples were the least in water absorption with a water uptake ratio of

1.5 % and 1.7 % for Jasmine 85 and Nerica 14 respectively. Next to absorb less water at cooking

was the mild parboiling condition (6 hrs soaking; 40 minutes steaming) that has a water uptake

ratio of 1.8 % for Jasmine 85 and 2.4 % for Nerica 14. The raw (non-parboil) samples and the

mild parboiled samples did not absorb much water at the cooking process because of floury nature

of the starch granules, which do not take much water. Also, the somewhat high protein content in

straight milled or control rice might be a cause for less uptake of water due to hydrophobic

characteristics of protein. This agreed with Juliano and Perez (1986) findings that the higher the,

protein content of rice, the higher the gelatinization temperature hence cooking time owing to the

hydrophobic nature of proteins, which act as barriers to inward diffusion of water. The findings of

this study also agreed with Mustapha (1979) who stated that parboiled rice has higher water

absorption, which may be as a result of the steaming pressure during parboiling which in turn

affects starch gelatinization. It is also possible the granular nature of starch in non-parboiled

(control samples) does not permit inter molecular water retention due to absence of adhesive force
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to retain water molecules between cells. The mild parboiled rice was a little bit higher in water

uptake than non-parboiled samples due to the spots gelatinization of it grains.

5.4.3 Volumetric Expansion

An increase in mass (v/v) of cooked rice is the volume expansion rate of such rice when cooked.

Volumetric expansion of cooked rice in this study showed significant differences (P<0.05) in the

various parboiling conditions. There was a high volume expansion rate of rice soaked for 20 or 24

hrs and steamed for 60 minutes and 90 minutes. And this was an expansion rate of 6.5 cm3/g to

6.6 cm3/g for the two varieties; Jasmine 85 and Nerica 14 respectively. This was far higher than

rice soaked for 36 hrs and steamed for 60 - 90 minutes, which gave 5.8 cm3/g and 6.2 cm3/g in

volume expansion. These differences in volumetric expansion may be due to the difference in

gelatinization levels. The medium parboiling condition (20-24 hrs soaking ; 60-90 minutes

steaming) gave rice that expanded more than the severe parboiled rice because they were well

gelatinized, absorb more water at cooking and therefore expanded more. The severe parboiled rice

however expanded earlier to full capacity and even rupture in that process at the steaming stage

hence cannot expand much again. Unlike the mild or severe parboiled rice, cells of the medium

parboiled rice are flaccid and expand readily to full length when placed in an environment that has

high water potential. The control rice was the least in volumetric expansion rate followed by the

mild parboiling condition. The less volume expansion of straight milled rice may be likely due to

destruction (rupturing) of membranes covering the kernel's endosperm. Since they were not pre-

treated by way of parboiling, the cell membranes are not conditioned to withstand the heat being

supplied at cooking time. They thus easily get destroyed and release it content in to the water

instead of absorbing water to expand.
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5.4.4 Leached Materials

Leached materials are the amount of solutes released into the cooking water by the rice at a time

period. The amount of leached materials if so high makes rice cooking difficult. The

soaking/steaming time combinations can have serious effects on the amount of soluble materials

leaching out during cooking stage. In this study, the leached materials range from 4.0 % to 6.2 %.

The worst leached materials came from the control samples with a value of 6.2 %, followed by

severe parboiled rice (36 hrs soaking; 90 minutes steaming) with 5.2 % and 5.7 % for Jasmine 85

and Nerica 14 respectively. There was high leakage in straight milled rice because of the high

broken nature of it since more surface area was exposed for the endosperm starches to easily

dissolve out. Also, severe parboiling condition (36 hrs soaking; 90 minutes steaming) gave high

leached materials because lot of it kernels were ruptured at the steaming stage, a window for

solutes to dissolve out.

5.5.0 Sensory Evaluated Qualities of the Parboiled Rice

The sensory evaluation gave results that indicated that varying the soaking and steaming period

strongly influence the parameters being looked at e.g. taste, chewiness/softness, stickiness etc.

5.5.1 Taste

When it came to taste, the medium parboiled samples i.e. 20 and 24 hours soaking; 60 minutes

steaming, yielded the tastiest rice so far (85.5 %) for Jasmine 85 and 94 % for Nerica 14

respectively. Severe parboiling of 36 hours soaking follow by 90 minutes steaming yielded rice

that gave 81.6 % and 92 % taste to Jasmine 85 and Nerica 14 respectively. This low taste of

severe parboiled rice than medium parboiled rice might be due to nutrients losses during prolongs
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soaking periods. Since the rice was made to stay in warm water over long time more soluble

nutrients had the chance to dissolve out. Therefore the medium parboiled rice taste better than the

severe parboiled ones probably due to less dissolution and leakage of soluble material (nutrients).

Parboiling confers some peculiar aroma on the rice especially if properly gelatinized. The mild or

lesser-parboiled rice (6 hrs soaking; 40 minutes steamed) did not show any appreciable taste (53.5

% to 68 %) for Jasmine 85 and Nerica 14 respectively. However, this was better than the control

or raw samples that gave a taste score of 50.8 % and 51.8 % to Jasmine 85 and Nerica 14

respectively. It is therefore not out of place for one to suggest that parboiling improves the taste

value of food stuff. The poor taste of control and mild parboiled rice might be as a result of poor

or no gelatinization of the endosperm starch as soaking/steaming times was too short for any

meaningful biochemical changes to occur and thus improve the flavour.

:) 5.5.2 Chewiness (Softness)

There was great difference between the chewiness or softness of Jasmine 85 and Nerica 14.

Among all samples tested for chewiness, Jasmine 85 samples had the highest chewiness (softness)

than Nerica 14 samples e.g. softness level of 3.0 % for Jasmine 85 against 2.8 % for Nerica 14.,

The results also showed that chewiness or softness was affected by the degree of parboiling. For

instance mild parboiling condition (6 hrs soaking; 40 minutes steaming) resulted in high

chewiness/softness level of 2.8 % as against 2.2 % softness in medium parboiled rice. The low

level of chewiness for well parboiled rice (20 - 24 hrs soaking; 60 minutes steamed) was

expected because this rice was well gelatinized and therefore has hard kernels. The lesser or mild

parboiled rice (6 hrs soaking; 40 minutes steamed) were softer than medium and severe parboiled

fill rice because their starch were not compacted like that of later after parboiling. Instead their starch
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is chalky and granular that gets soaked easily and softens up. The severe parboiled rice (36 hrs

soaking; 90 minutes steaming) also recorded higher chewiness (2.6 % and 2.5 %) for Jasmine 85

and Nerica 14 respectively. The reasons for severe parboiled rice being sefter than medium

parboiled rice could be traced to over gelatinization of severe parboiled rice during steaming

stage. The rice was over cooked and the kernels rupture during steaming process. With the

endosperm starch exposed, the kernels easily get cooked and soften up. The intact coats of well

gelatinized rice cover their endosperm starch and this could confer some hardness to properly

parboiled rice. The control samples (straight milled rice) had the highest chewiness (softness) ef

3.0 % than all the samples analyzed. This was a result of weak bran coat covering the endosperm

thereby easily gets moistened by warm water. Loosely and gritty starch granules, lack of adhesive

and cohesive forces between cells, lack of tensile properties, no gealatinization, non-compacted

starch grains etc, all these contributed to give non-parboiled rice a softer (high chewiness) level,

-I

5.5.3 Stickiness

Stickiness is the property that enables individual grains to clump together in himps when cooked.

Viscous substances that arise from leached soluble materials that mixed with water cause the.
lumpiness of cooked grains. This study showed that stickiness was high in control (non-parboil)

samples up to 2.9 % followed by mild parboiled rice (6 hrs soaking; 40 minutes steaming) that

has stickiness value of 2.7 % for both varieties. Where the parboiling was properly done e.g. 20

~ and 24 hrs soaking; 60 minutes steaming, the rice gelatinizes well and therefore don't stick

together in lumps when cooked. Thus medium parboiling condition of 20 and 24 hrs soaking; 60

minutes steaming gave a low stickiness value of 1.9 % for both varieties. Over parboiling or

severe parboiling where the paddy was soaked for 36 hrs and then steamed for 90 mir.utes
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cooked. This is so because when paddy was soaked and steamed for a long time, the high

resulted in high stickiness of 2.4 % and 2.6 % for Nerica 14 and Jasmine 85 respectively when

moisture tends to cook the grains and even ruptures it. Ruptu-ed rice exudes a lot of soluble

substances during cooking to mix up with the hot water to give the thick viscous liquid that binds

the individual grains together. Where the gelatinization was optimum, the starch became

crystallized and compacted and does not leach soluble materials easily. in this study, 811samples

steamed 90 minutes exhibited high stickiness property when cooked.

5.5.4 Adhesiveness / Cohesiveness

Adhesiveness/cohesiveness is the inherent ability of the individual grains to attach to each in

succession and to stick to whatever container in contact with. It differs from stickiness ill that

stickiness is caused by external binding factor such as viscous liquid whereas cohesiveness and

adhesiveness is as a result of inherent forces. Here again, the control samples (non-parboil rice)

was leading with adhesiveness and cohesiveness score of 53 % and 47.5 % respectively for the

two varieties. This might be due to the explanations offered earlier such as presence of soluble

leached materials, chalkiness or granular starch that easily stick to each other when wet. Severe
I

parboiling condition at 36 hrs soaking; 90 minutes steaming lead to high adhesiveness and

cohesiveness scores (40 % and 42.8 %) for Jasmine 85 and Nerica 14 respectively. The reaso s

been that, ruptured endosperm exposes soluble substances that adhere to each other when wet.

Ruptured kernels from prolong steaming can dissolve much of the endosperm starch in the boiling

water turning it into thick paste if cooked for long time. Mild parboiling condition (6 hrs soaking;

40 minutes steaming) also produce rice that gave adhesiveness and cohesiveness scores of 35.8 %

and 33.5 % respectively for the two varieties. These are values more than medium parboiled rice
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with adhesion and cohesion score of 22.2 % and 21.5 % in Jasmine 85 and Nerica 14 respectively.

However, rice from mild parboiling condition gave adhesiveness and cohesiveness that was less

than severe parboiled rice. The medium parboiled rice gave low adhesion and cohesion

percentages because their starches were well gelatinized and transformed into crystalline

molecules that do not dissolve easily to cause viscosity in the boiling water. Also because 07 the

well gelatinization, the coat covering endosperm of medium parboiled grains is tough that does

not rupture to allow mixture of endosperm starch with the boiling water to create any adhesion or

cohesion force.
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CHAPTER SIX (6)

6.0 Conclusion

This study investigated different levels of parboiling conditions for paddy rice based on varying

soaking and steaming time combinations to ascertain the best parboiling condition that maximizes

both the nutritional and physical qualities of parboiled rice. A preliminary survey was conducted

in the three Northern regions of Ghana where paddy rice parboiling are mostly practiced. The

information gathered form the basis upon which this research was conducted. Suitable parboiling

equipments (soaking and steaming containers) were fabricated to simulate the processes at the

laboratory. The layout of the research was designed to answer the research question of best

parboiling condition for paddy rice. The results from the various parboiling levels were analyzed

to determine which parboiling condition yielded the optimal levels of every parameter tested. Not

one method of parboiling condition was able to optimize all the parameters. For instance some

parameters will be well maximized at one level of parboiling, while other parameters are lowered.

Most of the people engaged in rice parboiling processes in Northern Ghana are largely illiterates

and therefore rely on indigenous knowledge to transact their parboiling business. For example

some of them unknowingly leave their paddy rice on fire without timing and went about other

activities. This made the rice to be on fire for avoidable longer period of time that affects the final

quality. Meanwhile, steaming which is regarded as second (2nd
) boiling in parboiling precess is so

crucial in terms of time variations. Some of them use too much water that ends up cooking the

paddy instead of steaming.

A lot of the processors practiced the traditional methodology of parboiling and therefore do not

undertake pre-soaking operations like washing, de-stoning, sieving etc. Post parboiling operations
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like picking of debris, discolored ones, packaging and sorting into grades, etc were not practiced.

Probably their low level of formal education was making them not to comprehend the numerous

advantages associated with the improved methodology though it is tedious as against the

traditional methodology. Those who practiced the improved methodology were the few women

who are in groups. Though they undertake pre-soaking and post parboiling operations, the

soaking/steaming time periods was not uniform and this affect the quality of their product. The

objectives of parboiling paddy rice in the study areas are; to have easy milling, maximize head

rice yield, better pricing and for easy cooking. Processors did not know that their activities of

parboiling improve the quality of their product nutritionally. Processors in all categories seems

not understand the immense contribution of their activities to the consuming public. They do not

understand and therefore cannot explain some of the scientific principles or reasons behind their

activities and therefore would not be able to link that to nutritional improvement of their products.

The consequences are that they cannot convince the consuming public about the advantages of

parboiled rice over non-parboil ones to boost their market.

The milling process of parboiled rice still poses a challenge to numerous processors as there are

no proper milling machines available to meet the demands of processors. A number of them resort

to the use of Engilberg type of machine that is not so efficient. This type of mill does not give

good head rice yield and do not separate stones that are in the rice. This does not give much value

addition to the rice, which usually result in low customer acceptability and low market price.

There are few processors who still use the mortar and pestle to pound their paddy as a way of

dehusking for domestic consumption.

Parboiling as a post-harvest operation III nee production process affects both the physical,

chemical and cooking properties of the grains. It effects on the milling, cooking and eating
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qualities of the rice either positively or negatively depending on how the processes are conducted.

It has been found to influence consumers' demand and acceptability based on the physical

outlook (appearance) but not necessarily attributes-quality. The outcome of this study therefore is

a guide to rice processors and other persons who want to improve the practice. The study revealed

that medium parboiling i.e. soaking for 20 or 24 hours then steamed for 60 minutes gave high

significant values of all physico-chemical parameters than rest of parboiling methods. There was

however no significant difference in the quality of rice between 20 hrs and 24 hrs soaking. For

instance, 20 hrs of soaking combined with 60 minutes steaming yielded the same quality

parameters as if the soaked paddy was steamed for 90 minutes. Also 24 hrs soaking gave figures

that were in same bracket as 20 hrs soaking at each respective steaming time. Forty (40) minutes

of steaming rice from same soaking time gave lower results than when steamed for 60 or 90

minutes. Therefore in conclusion, when parboiling paddy rice, soaking in warm water between 20

to 24 hrs and then steaming for 60 to 90 minutes would not give any significant differences in the

final quality of rice produced. Severe parboiling (36 hrs soaking followed by 60 minutes steaming

gave the same products quality as that of 90 minutes steaming. However, product quality of

severe parboiling (36 hrs soaking; 60 or 90 minutes steaming) were inferior (significantly low,

values in all parameter) when compared to 20 or 24 hrs soaking; 60 or 90 minutes steaming).

Severe parboiling condition was however better than mild parboiling condition in product quality.

Steaming for 40 minutes (s40) was also lower in product quality than 60 or 90 minutes steamed

rice under the same 36 hrs soaking period. It is worth noting that 36 hrs of soaking with 40

minutes of steaming produced better physical qualities than mild parboiling condition at 6 hrs

soaking; 90 minutes steaming. It is therefore concluded that the best parboiling level was "(he

medium parboiling condition which was soaking for a periods of 20 to 24 hours followed by 60 to
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90 minutes steaming. Any parboiling period within this range would yield optimum product

quality in terms of physical characteristics, nutritional improvement as well as cooking and eaten

characteristics. It will also ensure sustainability of the parboiling process and keep processors in

business.

The scale of the process affects energy efficiency and capacity. Some modem methods of

parboiling are energy and capital intensive, and are not suitable lor small-scale operation at the

village level. The local parboiling devices range from clay pottery to aluminum pots and make

use of direct heating and steaming, which consume all different amounts of energies. At the local

setting, agri-residues are the main sources of energy for parboiling. J~!l these are cost cutting

measures that together with good selection of soaking/steaming time will go along to increase

profit and improve living standards of processor and also benefit the consuming public,
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CHAPTER SEVEN (7)

7.0 Recommendations

It is recommended that parboiling of paddy rice be done at medium parboiling condition (soaked

in warm water for any time between the hours of 20 to 24 and followed by steaming at a

temperature of 80°C for a period of 60 to 90 minutes). This will give maximum gelatinization and

consequently optimal nutritional, physical, cooking and eaten characteristics. However, for cost

efficient production, 20 hours soaking with 60 minutes steaming (s60) is recommended since this

has the same product quality as 24 hrs soaking 90 minutes steaming. This is because the time and

resources wasted in the extra 4 hours of soaking from 20th to 24th hour would be saved. Also, the

extra resources and time spend in steaming from the so" to so" minute would be saved. Since 24

hrs soaking period would not change the quality of rice produced, the 20 hrs soaking is

recommended in order to save resources and time. Also since 90 minutes steaming (s90) of paddy

from the two soaking periods (20 and 24 hrs) would yield the same product quality as 60 minutes

steaming, then 60 minutes steaming is economical and therefore recommended in order to save

time. It is therefore economically wise to parboil at 20 hrs soaking; 60 minutes steam. Howeve,r

processors who unavoidably soak for more than 20 hrs long by attending to other equally

important activities should not let the soaking period exceed 24 hrs long. Also, steaming time if

unavoidably go beyond 60 minutes but should never be allowed to go pass the 90th minutes

otherwise final quality will be affected. When parboiling is done by soaking for 20 hrs combined

with 60 minutes steaming, it would save resources like fuel, time, human energy etc to cut GOwn

cost and maximize profit.

" ..
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Since severe parboiling (36 hrs soaking) yielded less quality product alongside wastage of

resources, it practice should never be entertained. Also, mild parboiling condition (6 hrs soaking;

40 minutes steaming) also resulted in poor product quality and is not recommended either.

It is also recommended that the processors be taken through training programmes on parboiling

and nutritional relationship, the scientific principles/reasons and advantages behind parboiling

processes etc and explain to the understanding of practitioners. This is necessary especially for the

NGOs who are supporting them to concentrate only on physical qualities improvement to the

neglect of nutritional improvement. This would build their capacity to increase productivity.

Building their capacities will put them in the position to understand nutritional issues of their

work and improve on them. It will also put them in the position to market their products well by

giving full explanations to consumers on the advantages of parboiled rice over non-parboil ones.

Consumers also stand to benefit immensely if the kind of parboiled rice put in the market are of

best quality and nutritious.

The individual processors are also recommended to organize themselves into groups. This shall

put them in the position to have a strong bargaining power when it comes to marketing their

produce and also to access credit and other facilities to improve their business activities. The

relevant government agencies and private organizations should collaborate to develop improved

steaming containers like the type used in this study or better for supply to processors groups on

credit. This shall save them from using cooking pots that boil part of the paddy at the steaming

stage reducing quality. The government or private investors should invest in the local rice-

processing sector by setting up milling machines with de-stoners at appropriate locations of rice

production areas to help the numerous processors especially in the three Northern regions who

undertake this business as their livelihood activity.
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It is also recommended for government to support the course of local rice processors by

formulating and enforcing policies that encourage the consumption of locally produced rice to

create market for these local processors.

The government of Ghana through her relevant research institutions likes the Universities, Food

Research Institute (FRI) etc should research into nutritional quality of parboiled rice so as to

better the practice.

Lastly, it is recommended that further work be done on this to ascertain the amount of vitamin Bl

(thiamine) present in the various levels of parboiling conditions so as to recommend an

appropriate soaking/steaming time combination that maximizes it content in parboiied rice.
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Appendix 1 a: Hulling efficiency (milling quality) of the three different steaming ti-nes
against each soaking time period. Bars represent standard error means (SEM).
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Appendix 1 b: Husking efficiency (milling quality) of the three different steaming times
against each soaking time period. Bars represent standard error means ~SElV~).
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.6 hrs soak

Appendix 2 a: Hardness value of the three different steaming times against each soaking
time period. Bars represent standard error means (SEM).
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Appendix 2 b: Hardness values of the three different steaming times against each
soaking time period. Bars represent standard error means (SEM~.

-------

70

60

50

...,.-
40

~
~0-- 30on
on
•••C

"0 20l-
e':
~

10

0

540 560 590 sO

Steaming Time (minutes)

.24 hrs soak

• hO (control)

70

60

50

40

~ 30
~0--on

20on
•••C
"0
I-

10e':=
0

540 560 590 sO

.36 hrs soak

Steaming Time (minutes)

• hO (control)

114

www.udsspace.uds.edu.gh 

 

 

 

 



Appendix 3 a: Carbohydrates content of the three different steaming times against each
soaking time period. Bars represent standard error means (SEM).
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.24 hrs soak

Appendix 3 b: Carbohydrate content of the three different steaming times against each
soaking time period. Bars represent standard error means (SEM).
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Appendix 4 a: Length of cooking time of rice from the three different steaming times
against each soaking time period. Bars are standard error means (SZM).
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Appendix 4 b: Length of cooking time of rice from the three different steaming times
against each soaking time period. Bars represent standard error means (SEM).
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Appendix 5 a: Taste of the three different steaming times against each soaking time period.
Bars represent standard error means (SEM).
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Appendix 5 b: Taste of the three different steaming times against each soaking time period.
Bars represent standard error means (SEM).
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Faculty of AGRICULTURE

DEPARTMENT OF BIOTECHNOLOGY

Appendix 6: Questionnaire on Paddy Rice Parboiling Processes in Northern Ghana.

UNIVERSITY FOR DEVELOPMENT STUDIES

TOPIC: EVALUATING THE EEFECTS OF PARBOILNG PROCESSES ON THE
PHYSICO··CHEMIC/.L PROPERTIES OF RICE (Oryza sativa L)

Questionnaire on paddy rice parboiling processes.

Hello, my name is Ayamdoo A. Joseph and I am a post graduate student of the University for
Development Studies (UDS). I'm conducting an investigation on parboiling and its effect on the physical,
chemical and cooking qualities of parboiled rice. I would be pleased if you could participate in this by way
of if terview that wil give the baseline information to this investigation. Participation is voluntary,
howe er I hope you will participate since your views on this subject area are important. Be assured that
your identity and whatever information you give shali be handled strictly confidential and use solely for
this research purpose.

1) What is your name? .

-..-:- 2) Gender. .

3) Name of community .

4) House number. .

5) What is the highest level of school you attended? .

6) What aspect of rice business do you engage in? :.

7) Where do you carry out your parboiling? .

8) Do you belong to any parboiling association or group? If Yes,~(9), N~ (l0)

9) Name of the parboiling group/association? .

10) Dc you parboil for home consumption or for commercial purposes? .

11) Hew long have you been doing this business (rice parboiiing)? .

12) Now, I want you to exp ain step by step how you go about your parboiling or steaming

processes? Record on the last sheet.
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13) Does the quantities of water used depend on the quantity of paddy rice to be parboiled?

IfyeS---+(14), No--~(15)

14) If yes, what quantity of paddy rice is to what quantity of water? .

15) Do you add or put any substance into the water meant for parboiling rice? .

16) How long do you parboil/steam the paddy rice? .

17) How do you ensure there is uniformity in heating all the content? .

18) How do you determine that parboiling or steaming is OK? .

19) When content are collected out, do you usually notice any differences between the top and

the down contents of the parboiled or steamed paddy? If Yes --t20)

No'--'(21)

20) What differences? .

21) Have you ever been trained or participated on any training, symposium or ccnference on

--{'. rice parboiling or steaming process? If Yes ---.(22)

No ---'(27)

22.)Who were the trainers or organizers? .

23) What areas were you trained on if you can remember? .

24) Have you adopted or practice what you were trained on? If Yes ----. (25)

No -.c26)

25) What have you adopted? .

26) WJY haven't you adopted or practices what you were trained on? .

27) Why at z.II do we do parboiling or steaming of paddy rice? .
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28) Do you know of water soluble vitamins in rice? If Yes ~(29) No ---. (End)

29) Are you aware that parboiling can have some influence on the availability of water soluble

vitamins especially Vitamin Bl on the final grains? .

Answer to question 12

Parboiling or Steaming process Described
Related Terms to Unit Operations as described or narrated by respondent.

[Soaking, Floatation, Skimming, Steaming, Boiling, Washing, Cooking, Drying, Cleaning

(grains)]

..................... '0····· .
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