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ABSTRACT 

The analysis of protein in Sabah local rice varieties was a pioneer research in order to 

study the protein fractions or composition in it. The local rice varieties that had been used 

in this study were Huma rice, Bario rice, White Glutinous rice and Black Glutinous rice. 

Each of the rice samples was extracted into its protein fractions: albumin, globulin, 

glutelin and prolamin according to its solubility by using Osborne Fractionation method. 

The protein fractions were analyzed using Capillary Electrophoresis (CE). Each fraction 

was analyzed in a 30 cm uncoated fused silica capillary at 25°C with zero pressure, 

voltage of 5kV and detected by UV detector at wavelength 214nm. CapiUary cleaning 

protocols were carried out before and after analysis. Each fraction was analyzed using 

two different buffers at two different concentrations and pH. 100mM Tris-Hel buffer at 

pH 7.00 gave the sharper peak and less stacking compared to 50mM phosphate buffer. 

Among the four types of local rice, Huma rice and Bario exhibited a high proportion of 

glutelin followed by White Glutinous rice and Black Glutinous rice whereas globulin can 

be said as second major protein component in the local rice varieties. The abundance of 

albumin and prolamine in the local rice varieties are relatively low. Huma rice exhibited 

most of the peaks for its protein fraction whereas White Glutinous rice exhibited two 

peaks for its protein fraction, globulin and glutelin. The most hydrophobic protein, 

prolamin, in which theoretically should be less in rice, exhibited a peak as one of the 

protein components in Black Glutinous rice despite albumin, globulin and glutelin. 
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ABSTRAK 

Analisis protein dalam beras Sabah merupakan satu kajian utama untuk mengetahui atau 

mengkaji komponen protein di dalamnya. Empat variati beras tempatan yang digunakan 

dalam kajian ini ialah Beras Huma, Beras Bario, Beras Pulut Putih dan Bears Pulut 

Hitam, diekstrak kepada empat kandungan pecahan protein iaitu albumin, globulin, 

glutelin dan prolamin mengikut keterlarutan dan cara Pecahan Osborne. Pecahan protein 

ini kemudiannya dianalisis dengan menggunakan kapilari elektroforesis (CE). Setiap 

pecahan telah dianalisis dalam 30 em kapilari silica tanpa penyaduran pada suhu 25°C 

tanpa tekanan, bervoltan SkY, dikesan dengan menggunakan pengesan UV pada jarak 

gelombang 214nm. Protokol pembersihan kapilari telah dijaJankan sebelum dan selepas 

anal isis. Setiap pecahan dianalisis dengan meggunakan dua jenis larutan penimbal pada 

kepekatan dan pH yang berbeza. l00mM larutan penimbal Tris·HCI pH 7.00 melakarkan 

puncak yang lebih tajam berbanding dengan 50mM larutan penimbal fosfat. Beras Huma 

dan Beras Bario menunjukkan komponen protein glutelin yang tinggi diikuti dengan 

Beras Pulut Putih dan Beras Pulut Hitam manakala globulin boleh dikatakan sebagai 

komponen protein yang kedua tertinggi dalam beras-beras tersebut. Beras Huma 

melakarkan kebanyakan puncak bagi pecahan proteinnya manakala Beras Pulut Putih 

hanya melakarkan satu puncak bagi pecahan proteinnya. Protein yang pal ing hidrofobik 

iaitu, prolamin, berdasarkan pada teori yang sepatutnya menunjukkan komponen protein 

yang rendah sebaliknya menjadi salah satu komponen protein dominan dalam Beras Pulut 

Hitam. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the Study 

Proteins are an abundant component in all cells and almost all except storage proteins are 

important for biological functions and cell structure (Suzanne, 2003). Protein, as macro-

molecules, perform important roles in functionality in foods and pharmaceuticals, as well 

as in biological systems (Vojdani, 1996). Proteins are key ingredients in many foods as 

they contribute to the nutritional value, flavor and other important functional properties 

of food systems (Hamada et al.,1998).Proteins are made up of successive carboxylic 

acid-amine residues, amino acids, that are covalently bonded together in a head-to-tail 

arrangement through substituted amide linkages (Rosenberg, 1996). 
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On a world wide scale, about 70% of the protein available for human 

consumption is derived from plant sources. The percentage varies in different parts of the 

world, ranging from slightly over 30% in the United States to about 90% in India. Cereal 

grains contribute more than 70% of the plant proteins and about 50010 of the total 

proteins. The major cereal grains are wheat, rice and com. 50 million metric tons which is 

contributed by wheat in total annual cereal protein production. Milled rice accounts for 

18% of the cereal production because, in general, rice contains less protein than average 

of the other grains (Nakai & Modler, 2000). 

Electrophoresis is defined as the migration of charged molecule in a solution 

through an electrical field (Suzanne, 2003). It is a separation method basically used in 

biochemical or analytical separation. By using this method, high separation efficiency 

can be achieved using a relatively limited amount of equipment. Electrophoresis has been 

applied to a variety of difficult separation method such as in biological and biochemical 

research, protein chemistry, pharmacology, forensic science, food control and molecular 

biology (Westermeier, 1993). It is important to choose and carry out the appropriate 

electrophoresis technique for specific separation. 

The principle of electrophoresis separation is by injecting a small band of the 

sample into an aqueous buffer solution. A homogenous buffer solution is used over the 

whole separation time and range so as to ensure a constant pH value. A high dc potential 

is applied across the length of the buffer by a pair of electrodes located at the end of the 

buffer and this cause the ions of the sample to move toward one or other of the 
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electrodes. The rate of migration of a given species depends upon its charge and size. 

Separations are then based on differences in charge-to-size ratios for the various analytes 

in a sample (Skoog et al., 2007). 

One of the types of electrophoresis is the capillary electrophoresis which has been 

developed and used in last decade become an important separation tool used by chemist. 

Capillary electrophoresis (CE) is a powerful separation tool for the determination of 

charged particle, based on the difference in electrophoretic mobilities.It has become one 

of the most powerful techniques in protein separation in which it has features such as 

high frequency, small sample requirement and short analysis time (Lin et al., 2007). 

1.2 Objedives of the Study 

The objectives of this study are: 

a) To fractionate the storage proteins in four local rice varieties according to their 

solubility using Osborne Fractionation method and analyse each fraction using 

capillary electrophoresis. 

b) To compare the abundance of protein in the local rice based on the electrophero-

gram of each fraction. 

c) To investigate the effect of buffers at two different concentration and pH in the 

analysis of rice protein. 
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1.3 Scope of study 

This study will focus on the analysis of protein fractions in local rice varieties using 

capillary electrophoresis. The factors such as buffer type, concentration and pH that 

affects in the separation of rice protein using capillary electrophoresis will be investigated 

rice. The local rice varieties studied are Huma rice, Bario rice, White Glutinous rice and 

Black Glutinous rice. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Proteins 

Proteins are long chains of amino acids linked together by peptide (amide) bonds with 

positively charged nitrogen-containing amino group at one end and negatively charged 

carboxyl group at the another end (Campbell & Farrell, 2006). Proteins have 20 amino 

acids in which the residues in a protein are often chemically altered in post-translational 

modification either before the protein can function in the cell or as a part of control 

mechanisms. AU amjno acids possess common structural features, including an a carbon 

to which an amino group, a carboxyl group and a variable side chain are bonded. The end 

of the protein with a free carboxyl group is known as the C-terminus or carboxy tenninus, 

whereas the end with a free amino group is known as the N-tenninus or amino tenninus. 

The structure of a basic amino acid is shown in Figure 2.1. 
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amin~up I / carboxyl group 

NH3-C-COO-

/! ~ alpha-aniJon 

side-chain group 

Figure 2.1 Basic structure of an amino acid. 

6 

Every amino acids has a carboxyl group and an amino group in which each group 

can exist in an acidic form or basic form, depending on the pH of the solution in which 

the amino dissolves (Bruice, 2004). Each protein molecule has a precise length composed 

of an exact sequence of amino acids which are arranged in a linear, unbranched fashion. 

The amino acids backbone may have many post-translational modifications contributing 

to the size, charge and function of the mature protein (Rosenberg, 1996). There are four 

levels of protein structure. The primary structure is the sequence of amino acids that 

make up a specific protein. Secondary structure is regular local structuml arrays found in 

proteins which can be referred to as independent foldings units. In tertiary structure, the 

intermolecular arrangement of the secondary structure is independent foldings units with 

respect to each other. The quaternary structure shows the stoichiometry and spatial 
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arrangement of the subunits and is detennined by the amino acid sequences of the 

subunits. 

2.1.1 Chemical characteristics of proteins 

Proteins have ionic and hydrophobic sites, both internally (within the folds of the tertiary 

structure) and on the surface where the primary structure comes in contact with the 

environment. The ionic sites of a protein are provided by the charged amino acids at 

physiological pH and by covalently attached modifying group. Proteins are 

polyelectrolyte containing positively and negatively charged groups. The net charge on a 

protein is contributed by the free a-amino group of the N-tenninal residue, the free a-

carboxyl group of the C-tenninal residue, those R groups capable of ionization, and on 

the unique array of modifications attached to the protein. At physiological pH, the a­

COO- and a-NH3 + groups are ionized with the deprotonated carboxyl group bearing a 

negative charge and the protonated amino group, a positively charge. The difference in 

the charge of one tenninal of respective amino acids enable in the analysis of proteins in 

rice due to its charge (Rosenberg, 1996). 
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2.2 Cereal Proteins 

Cereal grains are important dietary source of the world's population, contributing 70% 

and 50% of the total calories and protein, respectively. Cereal grains are widely used for 

human foods and animal feeds around the world. As a major source of energy, cereals are 

often a primary nutrition protein provider and important functional properties to many 

foods. Five main cereals are wheat, maize, barley, oats and rice (Eskin, 1990). Plant 

proteins contain gluteI ins, prolamins, globulin and albumin. The study of cereal proteins 

has undergone many analytical techniques due to their relationship with quality and 

varietals identification (Nakai & Modler, 2000). The relative proportions of protein 

fractions in cereal seeds is shown in Table 2.1 . 

Table 2.1 Relative proportions(%) ofthe Osborne protein fractions in cereal seeds 

Cereal Non- Albumins Globulins Prolamins Glutelins Residues 
protein, N 

Barley 11.6 - 15.6 45.2 18.0 5.0 
Wheat - 33.1 - 60.7 - 6.2 
Maize 4.4 0.9 1.5 55.4 22.9 -
Rice - 15.7 - 6.7 61.5 15.4 
Oats 11 - 56.0 9.0 23 -

Source: From Bright and Shewry (1983). 

One of the classical investigations of plant proteins was the study ofOsbome (1907) on 

fractionation of cereal proteins according to their solubility. The original fractionation 

procedure divided cereal proteins into four major groups on the basis of solubility: water-
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soluble albumins, salt-soluble globulins, alcohol-soluble prolamins and acid- or alkali-

soluble glutelins. 

2.3 Rice and Protein in Rice 

Rice is a staple for a large part of the world's human population, making it the second 

most consumed cereal grain. Rice also provides more than one fifth of the calories 

consumed worldwide by humans. 

Protein content of brown rice is about 8% and milled rice accounts for 6%-7%. As 

the second major constituent of milled rice, it is the major protein source in the diets of 

tropical Asians. The contents of milled rice or rice endosperm consist of 3.8%-8.8% 

albumin, 9.6%-10.8% globulin, 2.6%-3.3% prolamin and 66%-78% of glutelin (Borght et 

01., 2006). 85%-90% of the rice proteins are storage proteins, mainly glutei ins. Rice is 

extremely low in prolamins compared with other cereal grains ( Nakai & Modler, 2000). 

Moreover, rice prolamins are heterogeneous and known for its complexity which is 

difficult in characterization (Dong et 01., 1999). The major protein components in rice is 

called glutelin, belong to the globulin group (Oszvald et 01., 2007). 

The range of molecular weights (MWs) for rice albumin is wide but in majority 

the components have apparent MWs of 18-20k Da whereas rice globulins consist of a-, 

fh "(- and b- globulins with apparent MWs of 25.5, IS, 200k Da respectively. Rice 

prolamins consists of three polypeptide subunits with apparent MWs of 10, 13 and 16k 

Da. Rice glutelin is the major storage protein, composed of two major polypeptide 
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subunits classified as a, ~ or acidic, and ~, or basic subunits with apparent MWs of 30-39 

and ] 9-25k Da, respectively ( Borght et oZ., 2006). 

2.4 Capillary Electrophoresis 

The separation techniques using electrophoresis method was first developed by the 

Swedish chemist Arne Tiselius in the 1930s. He carried out this electrophoresis method 

by using the macromolecules which has electric charge to achieve the separations of 

blood plasma proteins in free solution. Tiselius developed a "moving boundary" method 

and he was able to separate albumin from a-, ~-, and ,,(-globulin. From the idea and 

methods of Tiselius give rise to various and contemporary electrophoresis in analytical 

chemistry especially in separation chemistry using macromolecules. Due to his 

achievement and work in electrophoresis, Tiselius was awarded the Nobel Prize 1948 

(Camilleri, 1998). 

Now, capillary. electrophoresis (CE) becomes a new analytical method and the 

analysis can be carried out in free solution without the use of supporting medium. It is 

also a powerful and increasingly important separation technique in analytical chemistry. 

CE a separation tool for detennination of charged species, based on the differences in 

electrophoretic mobilities (Lin, 2007). 
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